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From the Director
With great pleasure I present the accomplishments of Space Physics Laboratory (SPL) for the academic year
2014-2015 which had been challenging as well as productive. The year witnessed history in making for Indian
Space Program with successful insertion of Mars Orbiter Mission (MOM) in orbit of Mars in the maiden attempt
on 24 September 2014. For SPL-VSSC, it was highly satisfying to receive the data from the MENCA experiment,
soon after the MOI, announcing that the instrument is healthy and performance is excellent. For SPL, this year
also marked the beginning of balloon launches carrying GPS and ozone sondes, observations using LEOSreceivers and operation of fast-response sonic anemometer from the Antarctica station Bharti during the 34th
Indian Scientific Expedition. Further, keeping in pace with the changing scenario and to have the research
activities better focussed, a minor re-structuring of the branches in SPL has been effected with change in
names of a few as well as creation of a new branch and three sections.
Commissioning of MENCA and its operations, data analysis pipelines and understanding and interpretation of
measurements along with monitoring of the health using various house-keeping parameters took a considerable
amount of time of those involved in these activities. Preliminary results from the analysis of MENCA measurements
suggest significant variability in the atmosphere of Mars. More detailed analysis is in progress.
The development of payloads for Chandrayaan-2 Orbiter (CHACE-2) and Chandrayaan-2 Lander (ChaSTE and
RAMBHA-LP) mission is progressing well. The Preliminary Design Reviews (PDR) for payloads and the overall
spacecraft PDR have been completed. The PAPA experiment on Aditya-L1 mission completed its Base Design
Review. The ion and electron sources have been mounted in the High Vacuum Space Simulation Facility (HVSSF)
chamber and various source characterisation tests have been carried out. The data acquisition system built on NIM
is installed and made operational at HVSSF for acquiring signals from plasma detectors and is being used for
testing and characterization of MCP detectors. A new design is proposed for a Langmuir probe.
The experiments SARA and CHACE/MIP on the Chandrayaan-1 continue to provide new science results. Variations
in the backscattered hydrogen ENA over the South Pole Atkin basin, a geologically important region on Moon,
have been investigated using SARA data, while altitudinal-latitudinal variations in the densities of molecular
Hydrogen and Argon in lunar exosphere are reported using CHACE observations. On the theoretical side, a
Monte Carlo model is developed to understand the degradation of keV-electrons in a methane atmosphere,
whereas ratio of red and green lines of atomic oxygen observed in the inner coma of four comets is explained
in the framework of coupled-chemistry-emission model. The GMRT observations of Venus at different
frequencies are used for deriving sub-surface brightness temperature. New GMRT Venus observations are now
being conducted at the time when Venus is closest to Earth.
Extensive multi-year studies on tropospheric humidity and temperature variations have been made using
Microwave Radiometer Profiler operating at Thumba. A new methodology has been developed to retrieve
upper tropospheric humidity from the Megha-Tropiques SAPHIR observations and the conversion coefficients
are made available in public domain. Under the ISRO-GBP-NOBLE project, a 32-m micro-meteorological tower
is established at Goa University and is operational since September 2014. Interesting results are obtained from
the NOBLE station Ranchi on atmospheric boundary layer parameters and turbulent characteristics during the
occurrence of thunderstorms.
A 12-days long observational campaign involving simultaneous three-hourly balloon-borne radiosondes from
Shillong and Guwahati has been conducted, in collaboration with NE-SAC, to investigate the diurnal evolution
of boundary layer and its role in mesoscale circulation over mountain terrain during the pre-monsoon season. A
year-long balloon-borne Frost-Point Hygrometer campaign for studying water vapour in the tropical upper
troposphere and lower stratosphere is going on at Hyderabad and Trivandrum.
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The data from TTD experiments have been used to study the characteristics of turbulence in the troposphere and
lower stratosphere over Trivandrum and Gadanki. Trends in the amplitude of SAO, AO, and QBO based on the
long-term data obtained using rockets and balloons over Thumba are compared with different reanalysis data,
while an increase in the width of the Hadley cell is demonstrated using various reanalysis data sets. Simultaneous
observations of quasi-two day wave over Thumba and Kotatobang (Indonesia) are also reported. An explanation
for the influence of tropical cyclone on tropospheric ozone is provided using WRF simulations.
The long term (~14 years; 2000-2014) trend in carbon monoxide (CO) obtained utilising the MOPITT
measurements show decrease in lower tropospheric CO and column CO in spite of increasing anthropogenic
activities. Aerosol samples collected during ICARB (Dec. 2008–Jan. 2009) campaign over the Bay of Bengal
suggest that spatial distribution of different aerosol chemical components (mineral dust, oceanic, anthropogenic)
vary regionally due to a combination of heterogeneities in the source characteristics and transport pathways. It is
found that total carbon and organic carbon in the aerosol samples collected at Thumba contribute ~22% and
18% respectively to the total aerosol mass. Work is on to study the diurnal variations of sensible heat flux, latent
heat flux and surface CO2 and H2O obtained using Eddy-Covariance System.
With the legacy of about two decades of research in atmospheric modelling, a new branch Numerical Atmosphere
Modelling (NAM) has been formed with focus on parameterisation of different physical and atmospheric processes,
numerical weather prediction, short-range weather forecast for PSLV and GSLV launches from SHAR, regional
climate modelling, and support to ISRO’S launch vehicle program. This group also provides explanation of
processes occurring in lower atmosphere through modelling and simulations. Temporal characteristics of
clouds and rainfalls associated with MJO have been studied. A new activity is initiated for studying the variability
of CO2.
To strengthen the aerosol science and radiative impact assessment, a new section Aerosol Radiative Forcing
(ARFS) is formulated. Aerosol optical properties and Cloud Condensation Nuclei (CCN) under varying
meteorological conditions at Nainital were examined using year-round measurements during 2011-2012. Employing
radiative transfer computations, it is demonstrated that radiative forcing by black carbon increases due to
multiple scattering effects. Observations are made at two distinctly different environments, Trivandrum and
Hanle (Himalayas), to understand the formation of ultra-fine particles and their growth. Modeling studies are
conducted on the distinct source contributions to black carbon aerosol concentration and the role of Arabian dust
activity on Indian summer monsoon. A pre-monsoon campaign to study CCN and ultra-fine particle formation
has been completed at Ooty, while year round observations of CCN at Trivandrum is completed, and black carbon
observations at Ponmudi on campaign mode has been initiated.
In the Ionosphere-Thermosphere Physics, a new mechanism based on zonal dynamics, similar to the one
responsible for ETWA, is proposed for the generation of F3 layer. The equinoctial asymmetry in the threshold
height for the occurrence of equatorial Spread-F is clearly brought out using more than 10-years of ionosonde
observations at Trivandrum. A comprehensive analysis of the seasonal and solar cycle variability of nighttime vertical drift over the Indian longitude sector is accomplished using ionosonde observations at Trivandrum
over a period of two decades (1998-2008). Using Space Weather Modelling Framework (SMWF) simulations,
the influence of ionospheric conductivity on the magnetospheric dynamics during a geomagnetic storm event is
studied. Substantial progress has been made in the development of a laboratory model of the spatial heterodyne
spectrometer. The GPS-measured ionospheric TEC at various stations over India and at Bharti, Antarctica, is
being used to understand variability in the ionosphere and coupling between low and high latitudes.
The Atmospheric Technology Division (ATD) has been playing a pivotol role in the development of scientific
payloads for missions, data acquisition system of ground-based experiments, and maintenance of ground based
systems. ATD contributed significantly in commissioning and operation of MENCA and is now focused on the
development of CHACE-2, RAMBHA, and ChaSTE payloads for the Chandrayaan-2 mission. The ARFINET
and NOBLE chain of stations are maintained and augmented while work is on to fabricate 20 MWR to strengthen
and expand the ARFINET stations. The GPS receivers at five InSWIM network stations were upgraded with
latest software, they can now receive L5 satellite signals. The QM of modified electronics module of ENWi and
LP probes is realized for the SOUREX rocket-borne program. A prototype radiation sensor for measuring
solar irradiance in the 300-1200 nm range is developed and installed at SPL. The work on major ground-based
experimental facilities, viz. VHF radar AVTAAR, UHF profiler, and integrated Lidar system is making progress.
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A few important ingredients that signify the progress of a science laboratory are collaborations, exchange
programs, interactions, and visits. SPL’s performance has been gratifying on these counts. Several
scientists from India and abroad visited SPL for scientific interactions and perspective collaborations, while
SPL scientists and students visited International Institutes for training and academic exchange. SPL is hosting
one of ISRO’s Ka-band propagation experiments managed by SAC. SPL provided help for conducting the
experiments for calibration/validation of the reflectivity derived from the C-Band Doppler Weather Radar being
installed at TERLS by ISTRAC, Bangalore.
Extensive collaborations with other government departments and institutes are strongly maintained,
and SPL continue to contribute to national programs, such as CTCZ, CAIPEX, NCAP, and NFAR of Ministry of
Earth Sciences (MoES); Polar Research program of the National Centre for Antarctic and Ocean Research
(NCAOR). Within ISRO/DOS, SPL is working on inter-centre collaborative programs with SAC, ISAC, NRSC,
various RRSCs, IIRS, PRL, NARL, NE-SAC, ISTRAC, IIST, and others. Short range weather forecast for
Sriharikota is constantly provided to support all the PSLV and GSLV launches. SPL scientists chaired as well
as organised scientific sessions and delivered invited talks at various National and International Conferences/
Symposia/Workshops. They delivered lectures for Structured Training Programs of ISRO/DOS, out-reach
lectures under DST-INSPIRE Science Camps, and National Technology Day and Space-Week celebrations, as
well as teaching as Visiting Faculty at IIST.
The Research Fellows and Research Associates program, ably supported by ISRO, is growing from
strength-to-strength. Currently SPL has about 20 research students who form the backbone of research
activities. SPL Ph.D.s’ are doing well – most of them got permanent or PDF/RA positions in reputed
National and International institutes; this is a clear indication of the vibrant academic program and the
rigorous training imparted to them. As a part of societal commitments and capacity building, SPL provides
guidance for dissertation and project work of students of M.Sc., M.Phil., B.Tech., and M.Tech. courses. It
also hosts a significant number of students for training under the Summer Research Fellowship program of
the Science Academies of India, as well as INSPIRE Faculty awardees for their post-doctoral research work.
The much awaited demand for an independent internet website of SPL got fulfilled - http://SPL.GOV.IN
provides details on research activities and programs of the laboratory. This year the much-celebrated SPL Day
Lecture was delivered by scientist-par-excellence Prof. Ashoke Sen, a Distinguished Scientist at Harish
Chandra Research Institute, Allahabad.
It is highly gratifying to note that the scientists of SPL, in particular young scientists, continue to receive
awards and honours both nationally and internationally (detailed list provided in the next page). This is
a healthy indicator for the laboratory and testimony of its standard. SPL scientists have 37 publications in
reputed journals during 2015 and counting continues till end of the year 2015. The cumulative impact factor
is 86.42, and average impact factor is 2.34, which indicate the quality of the publications.
With its excellent record of scientific research and technical development, SPL continues to play a lead role
nationally in several disciplines of research in atmospheric, space and planetary sciences. In many national and
international committees, bodies and programmes, the scientists of SPL have held key positions. In summary,
SPL has made significant progress during 2014-2015, and I am delighted to present this report to the scientific
community.
19 August 2015

Anil Bhardwaj
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AWARDS, HONOURS & RECOGNITION
ANIL BHARDWAJ
•

Elected Fellow, National Academy of Sciences, India, 2014.

•

Associate Editor, Journal: Advances in Space Research (Elsevier), 2014.

•

Member, ISRO-NASA Mars Working Group (INMWG), 2014.

•

Research Advisory Committee, National Centre for Antarctica and Ocean Research, Goa, 2014.

•

Member, National Steering Committee for STARP Programme of ISRO, 2014.

•

Dr. P.R. Pisharoty Memorial Lecture of the Kerala Science Congress, 2015.

•

Member Editorial Board, Journal: Molecular Astrophysics (Elsevier), 2015.

•

Member, ISRO Study Team for Solar System Exploration, 2015.

•

ISRO Merit Award, 2012 (Announced in 2015).

S. SURESH BABU
•

Awarded Swarna Jayanti Fellowship (2013-14) of Department of Science and Technology (DST), Government
of India.

•

Selected by the INSA Council as the Founding Members of the Indian National Young Academy of Science
(INYAS), New Delhi for 2015-2019.

M. B. DHANYA
ISRO Young Scientist Award, 2014.

C. VINEETH
•

National Academy of Sciences, India (NASI) Young Scientist Platinum Jubilee Award, 2015.

K. N. UMA
•

Elected Associate of Indian Academy of Sciences, 2015.

•

IETE (The Institution of Electronics and Telecommunication Engineer) Young Scientist Award, 2014.

•

KSCSTE (Kerala State Council for Science, Technology, and Environment) Young Scientist Award, 2014.

K. M. AMBILI
•

INSPIRE  Faculty award of the DST, 2015.

•

Erasmus Mundus Fellowship by the European Union, 2015.

D. BALA SUBRAHAMANYAM
•

Complimentary Member, European Geoscience Union (EGU), 2015.

•

Member, Inter-Centre Weather Forecast Expert Team, PSLV-C26, C27, C28, LVM3-X (CARE), GSLV-D6 Missions
(2014 – 2015).

•

Lead Guest Editor, Special Issue of “Advances in Meteorology” on “Atmospheric Boundary Layer and Atmospheric
Modelling”, Volume No., 2015, 2015.

KANDULA V. SUBRAHMANYAM
•

Atlantic Radio Science Young Scientist Award from International Union of Radio Science, 2015.

RADHIKA RAMACHANDRAN
•

Member, Editorial Board, Acta Astronautica, 2013.

•

Full Member, International Academy of Astronautics, 2012.
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SIDDARTH SHANKAR DAS
•

Elected Member, SPARC (Stratosphere-Troposphere Processes and their Role in Climate) – Reanalysis
Intercomparison Programme (S-RIP) under World Climate Research Programme (WCRP) of World
Meteorological Organisation (WMO), 2014.

K. RAJEEV
•

“Certificate of Outstanding Contribution in Reviewing” by the Editors of Journal of Atmospheric and SolarTerrestrial Physics (Elsevier), 2015.

VIPIN K. YADAV
•

“Certificate of Outstanding Contribution in Reviewing” by the Editors of Advances in Space Research (Elsevier),
2015.
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SREELATHA P.
• Studies on the application of Spread Spectrum techniques in the area of Satellite Beacon Experiments”,
University of Kerala, Thiruvananthapuram, December 2014.
AMBILI K. M.
•

A study of equatorial and low latitude plasma processes using physics based ionospheric models in association
with ground based/space borne optical and radio experiments, University of Kerala, Thiruvananthapuram,
December, 2014.
[ Supervisors: Rajkumar Choudhary and Anil Bhardwaj ]

ANUROSE T. J.
• Investigation of the Atmospheric Boundary Layer Characteristics over the Tropics through Numerical
Weather Prediction Models”, University of Kerala, Thiruvananthapuram, June 2015.
[ Supervisor: D. Bala Subrahamanyam ]
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Academic Excellence
Best Paper/ POSTER Awards in Symposia / Conferences
DHANYA M. B.
•

“New population of protons in lunar wake: discovery by Chandrayaan-1/SARA”; 27th Kerala Science Congress,
Allapuzha, Kerala, January 27 - 29, 2015.

MRIDULA N.
•

Non Occurrence Of Equatorial Spread F Plasma Irregularities in the Ionospheric Plasma Over
Thiruvananthapuram-A Case Study ”, The Plasma Science Society of India Award for the best poster in 29th
National symposium on plasma science and technology, Plasma-2014, Kottayam, December 08 - 11, 2014.
[Co-author: Tarun K. Pant]

GIRACH I. A.
•

“Global long-term trend in tropospheric carbon monoxide”, International Conference on Climate Change and
Disaster Management, Thiruvananthapuram, 26 - 28 February 2015, [Co-author: Prabha R. Nair]

LAKSHMI N. B.
•

“Vertical structure of aerosols over Bay of Bengal from space borne observations”, Conference of Indian
Aerosol Science and Technology Association (IASTA), Banaras Hindu University, Varanasi, 11-13, November
2014, [Co-authors: S. Suresh Babu, S. S. Prijith, Vijayakumar S Nair and K. Krishna Moorthy]   

SNEHA SUSAN MATHEW
•

“Expansion of Hadley Cell in Climate Change Scenario: A Study Using Reanalysis And Global Radiosonde
Observations”, Tropical Meteorology (TROPMET-2015), Panjab University, Chandigarh, 15-18 February 2015,
[Co-authors: K. Kishore Kumar, K. V. Subrahmanyam]

RENJU R.
•

“Microwave Radiometric observation of vertical structure of water vapor”, Climate Science Conference, IISC,
Bangalore, 2-3 July 2015, [Co-authors: Suresh Raju.C., Tinu Antony, Nizy Mathew and Krishnamoorthy K.]

BALA SUBRAHAMANYAM D. & UMA K. N.
•

Second Prize in Debate on “Open Access Publishing – Is it the future of science communication”, National
Library Week Celebrations, VSSC, November 14, 2014.
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SCIENTIFIC DISCIPLINES AND ACTIVITIES

AND

MBLP

M ICROWAVE

B O U N D A R Y L AY E R P H Y S I C S

NOBLE - Network of Observatories for Boundary Layer Experiments

MBLP branch focuses on the surface characteristics, surface-air
interaction, exchange of energy, momentum and mass (including water
vapour) between the Earth’s surface and atmosphere, structure and
dynamics of atmospheric boundary layer (ABL) and its coupling with freetroposphere, and components of the hydrological cycle. Main objectives
are: (i) to improve the understanding and parameterization of the ABL
processes including surface-air interaction processes, energy budget,
turbulence, diurnal evolution of ABL, and the role of ABL in pollutant
dispersal and hydrological processes, (ii) improve the understanding on
tropical clouds and energetics of the Earth-atmosphere system, and (iii)
space-borne 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. The
expertise in microwave remote sensing has also been applied to study
the other planetary bodies. The NOBLE project of ISRO-GBP is aimed
at characterising the ABL at a national canvas covering distinct climate
and geographical zones. Inter-disciplinary research is carried out in
collaboration with other branches of SPL.

Science Team
Rajeev K
Suresh Raju C
Kiran Kumar N V P
Manoj Kumar Mishra
Nizy Mathew
Santosh M

Technical Team
Mohan Kumar S V
Pradeepkumar P
Dinakar Prasad Vajja
Neha Naik
Pramod P P
Ajeesh Kumar P S
Lali P T

Research Associates /Fellows		
Anish Kumar M Nair*
Tinu Antony
Renju R
Ashok Kumar Gupta
Nithin Mohan
Lavanya S
Edwin V Davis
*Relieved in August 2014,
Joined NARL as Scientist/Engineer ‘SD’
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Interannual Variations of the Vertical
Distribution of Water Vapour and Influence
of Southwest Summer Monsoon over
Thiruvananthapuram
Multi-year (2010–2013) observations using Microwave
Radiometer Proﬁler (MRP) operational at Thumba,
Thiruvananthapuram (TVM) have been used to quantify
the diurnal, seasonal, and interannual variations in the
vertical distribution of water vapour and investigate
the inﬂuence of complex and organized phenomena
such as southwest summer monsoon in governing them.
The potential, accuracy and consistency of microwave
radiometric measurements over the tropical coastal
conditions have also been established by comparing the
concurrent and collocated measurements of water vapour
by GPS and MRP. The main results are summarized in the
following sections.
Empirical Model for Precipitable Water Vapour from
GPS Measurements and Validation of MRP
The delay component in GPS signal caused by atmospheric
water vapour (zenith wet delay-ZWD) can be directly
related to the precipitable water vapour (PWV). Compared

generated which yielded a correlation coefficient of 0.97
and standard error of 2.03 mm.
Water vapour estimation from MRP and GPS observations
are based on two different physical processes of microwave
propagation due to the polar nature of water molecules.
Attenuation and thermal emission are the basic physical
processes involved in the MRP-based PWV estimation,
while GPS-based PWV estimation is through the refraction
effect leading to retardation and bending of electromagnetic
waves. Thus, these water vapour measurement techniques
are independent and the comparison can be used for
validating MRP-derived PWV. The regression analysis
between PWV derived from MRP (PWVMRP) and PWV
derived from GPS data (PWVGPS) during the period of May
to December, 2010 is shown in Fig. 1 (left panel), which
yielded a correlation of 0.98 and RMS difference of 1.6
mm. The GPS measurements underestimate the PWV by
4 to 5%, mostly during highly humid condition (PWV >60
mm). Frequency distribution of the difference between the
PWV values derived from the two instruments follows a
Gaussian distribution with more than 70% of the values
lying within ±1 mm and 90% lying within ±2 mm, thereby
indicating a good agreement, except during highly humid
conditions when it shows a small positive skewness.

Figure 1: (left panel) Scatter-plot of PWVGPS versus PWVMRP during May to December 2010; (right panel top) Comparison of
PWVGPS and PWVMRP during above period; (right panel bottom) Accumulated rainfall measured using disdrometer and rain gauge
at the MRP site for the above period [Renju et al., J. Geophys. Res., 2015]

to high or mid latitudes and arid regions, the seasonal and
diurnal variations of atmospheric temperature are rather
weak over the tropical coastal region like TVM. Hence,
a simple linear regression relating PWV and ZWD, by
neglecting the temperature effect, is appropriate over this
site. A station-based linear regression model relating ZWD
to PWV (obtained from radiosonde proﬁles at TVM) in
the form PWV (mm) = (0.157 + 0.0047) × ZWD has been
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A one-to-one comparison of PWVMRP and PWVGPS and the
corresponding daily accumulated rainfall measured using
a collocated rain gauge and disdrometer are shown in Fig.
1. Good agreement is observed between the two PWV
values during the heavily rainy days, such as Julian days
(DOY) of 280, 325, and 342 of year 2010 as well as during
both active and break periods of summer monsoon. The
PWV during May shows large variability (45 to 70 mm),

Diurnal cycle of PWV and its seasonal variation
Water vapour variability during winter and pre-monsoon
seasons at TVM is significantly inﬂuenced by the diurnal
variations of land surface heating as well as thermally induced

and gradually increasing during the daytime to attain its
maximum value in the evening between 16 and 19 IST. The
amplitude of this diurnal variation is largest in February
(>4 mm). The coastal circulation also plays a signiﬁcant
role in the transport of water vapour during winter and premonsoon seasons. Dry anomaly observed in the morning
(06-10 IST) during this period is due to surface evaporation
and transpiration. This forms a conducive state for the
genesis of local convection during the pre-monsoon period.
Soon after the convection breaks out, the wet anomalies are
observed in late evening hours. The diurnal variability of
PWV is negligible during May to September, which mainly
encompasses the summer monsoon season.
Seasonal and interannual variability of PWV
Interannual variability of the monthly mean PWV for 4 years

Figure 2: Monthly mean diurnal variations of PWV anomaly during January to December (2011-2013). The monthly mean values (in
mm) and their standard deviations (in mm) are indicated in each plot [Renju et al., J. Geophys. Res., 2015]

coastal circulation (sea/land breeze). This would result in a
diurnal variability in PWV which has been examined using
the PWVMRP for 3 years (2011–2013). The monthly mean
diurnal anomaly of PWV (Fig. 2) is obtained by carrying out
an “equivalent-day” analysis. The winter and pre-monsoon
periods show signiﬁcant diurnal variability in PWV with the
minimum reaching between 06 and 09 IST in the morning
SPL Annual Report: 2014-15

(2010 to 2013) is shown in Fig. 3. The standard deviations,
shown as vertical lines, indicate the variability of PWV in
each month. The PWV is large (>50 mm) during May to
November in all the years. During December to March,
PWV ranges between 30 and 45 mm with large standard
deviations (~12 mm) indicating highly varying water
vapour content during this period. During the southwest
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MBLP

which is attributed to frequent local convective events and
the depressions formed after mid-May (DOY 138–149). A
heavy rain event occurred on 8 December 2010 resulting in
a rainfall of ~70 mm/h at 03:00 IST, following which the
atmosphere become very dry (PWV <35 mm). Both these
techniques were able to capture these variabilities in PWV
at wide range (<20 mm to >60 mm) as observed in Fig.
1 (right panel). These analyses imply that the microwave
radiometric measurements of PWV are consistent even
under heavy water vapour loading condition during the
monsoon period.

summer monsoon (SWM) period (June to September)
and during the transition of SWM to northeast monsoon
(NEM) period (October), the range of PWV is between
50 and 60 mm with least standard deviation (~5 mm)
indicating very less variability in PWV during the
monsoon period. However, the monthly accumulated
rainfall during the monsoon period shows signiﬁcant
interannual variability with the largest rainfall observed
in 2013. Notwithstanding this, the corresponding
variability of PWV is considerably smaller, which
demands further investigation on the vertical structure
of water vapour, as it describes the transport of water
vapour to different altitude levels due to the combined
effect of advection and convection, particularly during
the monsoon period.

Figure 3: Year-to-year variations in the monthly mean PWV
during April 2010 to December 2013. Vertical lines indicate
standard deviations [Renju et al., J. Geophys.Res., 2015]

Figure 4: Vertical distribution of speciﬁc humidity in the 2 to 8 km altitude range during June to September (summer monsoon period)
of the individual years (2010 to 2013). Lower panels depict the accumulated rainfall [Renju et al., J. Geophys. Res., 2015]
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Over TVM, the speciﬁc humidity in the 0–2 km altitude
layer is always >~18 g/kg. The vertical variability of water
vapor in the 2 to 6 km altitude layer and its signiﬁcance
during the onset, active, and break spells of summer
monsoon have been examined. The vertical distribution of
water vapour during the summer monsoon period (Fig. 4)
shows that, during the onset phase of summer monsoon,
the specific humidity reaches >5 g/kg at altitudes above
5 km. Such high humidity is maintained in this altitude
region throughout the active period. In the year 2010, the
humidity building-up started from mid-May due to the
formation of a depression over the Arabian Sea, which
resulted in continuous rain for 10 days leading to the onset
type conditions. This was followed by the weakening of
the depression, and decrease in humidity at upper levels. It
took almost one week for humidity to rebuild in the upper
level, which led to the active spell again. The upper level
humidity drastically decreased from 30 August (DOY 242)
to 8 September (DOY 251), which was a monsoon break
period at this station. In 2011, the onset occurred on 29
May (DOY 149), and after 10 days (DOY 159), the upper
level humidity (at altitude >5 km) decreased, and again, dry
condition repeated after 10 days. Such a pulsating nature
in PWV is observed in the month of June. In 2012, the
building up of humidity was slow as discussed earlier, and
the onset was also delayed by 5 days. Soon after the onset,
a break spell was initiated for a longer period. The duration
of active spells was rather short. During this period, large
variability in speciﬁc humidity at altitudes above 2 km has
been observed and consistent water vapour building up was
also absent, resulting in significant deficit of precipitation.

Upper Tropospheric Humidity-Inversion of
M-T SAPHIR data
Upper tropospheric humidity (UTH) has been derived using
the ‘brightness temperature (Tb) transformation method’
applied to the data obtained from the humidity sounder

channels of Megha-Tropiques SAPHIR. The methodology
has been developed and the Tb to UTH transformation
coefficients for the three upper tropospheric layers for all
incidence angles estimated under cloud-free condition
have been provided to the user community recently (www.
currentscience.ac.in/volumes/108/10/1915-suppl.pdf). The
first SAPHIR channel at 183.31 + 0.2 GHz enables retrieval
of humidity up to the highest altitude possible with the
present nadir-looking microwave humidity sounders. The
methodology has been further validated by comparing the
SAPHIR-derived UTH with that derived from satellite
observations such as Kalpana-1 UTH and the operational
SAPHIR layer-averaged humidity product available at
MOSDAC.
Comparison of SAPHIR derived UTH with Kalpana-1 UTH
Since the weighting functions of Kalpana-1 VHRR (IR
water vapour channel) are different from those of the
SAPHIR channels, they have different information content.
The UTH derived from channel 3 of SAPHIR (UTHSAPHIR)
is the weighted average relative humidity in the altitude
layer of ~250 to 550 hPa, while the channels 1 and 2 have
weighting functions peaking at higher altitudes. Fig. 5
shows the monthly mean UTHSAPHIR and UTH derived from
Kalpana-1 (UTHKALPANA) for a region around the peninsular
India (65°–105°E and 20°S–20°N) during August 2012.
Notwithstanding the differences in weighting functions
and frequency of observations, all the broad features
observed in UTHSAPHIR and UTHKALPANA are in agreement.
Latitudinal variations of the mean of difference between
UTHSAPHIR and UTHKALPANA for different longitude bands
are shown in Fig. 5 (bottom panel). Significant difference
(<10%) is observed only at latitudes south of 10o S where
the upper troposphere is very dry due to the downdraft of
air mass from the upper troposphere during this period
and the SAPHIR, operating in microwave domain, sounds
deeper than the Kalpana-1 VHRR.

Figure 5: Comparison of UTH derived from SAPHIR (left) and the UTH product from Kalpana-1 VHRR data (middle). Latitudinal
variation of the difference in UTH averaged for different longitudinal sectors (right) [Mathew et al., Curr. Sci., 2015]
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Vertical distribution of speciﬁc humidity during
summer monsoon

Comparison of SAPHIR derived UTH with layeraveraged SAPHIR-UTH product
Further validation of the UTHSAPHIR has been carried out
by comparing it with the SAPHIR layer-averaged humidity
product available operationally. The major difference
between the two is that UTHSAPHIR derived using the inhouse developed algorithm accounts for the weighting
function while the operationally produced layer averaged
humidity from SAPHIR represents the mean humidity for
the layer and does not account for the weighting function.
Fig. 6 shows the monthly mean spatial distributions of
UTHSAPHIR derived from channels 1, 2 and 3 of SAPHIR
during August 2012 (top panel) and the corresponding
images of SAPHIR layer averaged humidity product for the

layers 1, 2 and 3 (corresponding to the upper tropospheric
layers of 250–100 hPa, 400–250 hPa and 550–400 hPa,
respectively) (middle panel). The corresponding scatter
plots are shown in the bottom panel of Fig. 6. The correlation
between the corresponding values of UTHSAPHIR and layer
averaged humidity are 0.87, 0.97 and 0.98 for the layers/
channels 1, 2 and 3, while their corresponding absolute
mean differences are 10.4%, 8.4% and 7.6%, respectively.
The first panel (for channel-1 and layer-1) has the largest
difference. This difference arises mainly because of the
wider altitude range of averaging in layer-1 (250–100
hPa) for the layer averaged humidity product, while the
weighting function (which was used to derive UTHSAPHIR)
does not show any significant contributions from altitudes
above 150 hPa in channel-1.

Figure 6: Monthly mean SAPHIR-UTH (top panel, channels 1–3), layer averaged humidity product from SAPHIR (middle panel,
layers 1–3) and correlation between SAPHIR-UTH and the layer averaged humidity product from SAPHIR (bottom panel) during
August 2012 [Mathew et al., Curr. Sci., May 2015]
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Observations of Venus Using Giant Meterwave Radio
Telescope (GMRT)
Owing to the penetration capability of microwaves at
decimeter wavelength into the thick atmosphere of Venus,
the microwave remote sensing is considered as a potential
technique for investigating the surface and subsurface
layers of this planet. Multi-frequency, multi-polarization
observations of Venus at low frequencies (MHz/KHz) with
active-passive mode from space borne platforms is a major
challenge. However, such systems are possible to build
on Earth and can be utilized for Earth-based observations
of Venus surface/subsurface. Radio telescopes such as
GMRT (Pune, India) and VLA (Very large array of radio
telescope, USA) permit the observations at wide range of
microwave frequencies and polarizations for probing the
thermal emissions from Venus surface and subsurface
layers. SPL has initiated studies in this direction through
the analysis of the archived GMRT observations of Venus
(data acquired in 2004) at 5 frequency bands centered near
150, 235, 325, 610, 1280 MHz. As a part of this study,
dedicated Venus observations were carried out using
GMRT on 5 and 25 January 2014. Apart from the above,
a proposal for detailed Venus observations during July to
September, 2015 period has been approved. Analyses of
the GMRT data is under progress.
Chandra’s Surface Thermo-physical Experiments
(ChaSTE) on-board Chandrayaan-2 Lander
ChaSTE is one of the payloads selected for Chandrayaan-2
Lander mission. It aims at thermal characterization of
lunar surface layer down to 10 cm depth and has the
following scientific objectives: (i) In-situ measurements
of temperature profile and vertical temperature gradient
in the lunar regolith (up to 10 cm) where the temperature
is expected to have the largest vertical gradient, and (ii)
In-situ measurements of thermal conductivity of lunar
regolith. Development of this payload includes the
design and development of 3 major modules, namely: (a)
Temperature Probes and Heat Exchange experiment, (b)
Signal conditioning, Data Acquisition System, and Control
and Payload Interface system, and (c) Probe Deployment
System. The lunar regolith is expected to have very low
thermal conductivity (0.001 to 0.03 Wm-1K-1), dense
subsurface regolith medium, and large diurnal variation
of temperature from 100 to 400 K. These aspects require
the probe material to have very low thermal conductivity
(while having enough mechanical strength to penetrate
the lunar soil), extensive experiments and modelling for
characterization of the probe and quantification of the heat
flow from various sources (in near-vacuum condition),
and deployment mechanism to insert the probe without
significantly disturbing the regolith medium. These make
the development of ChaSTE a technically challenging
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task. This is a joint activity of SPL with different entities
of VSSC (PCM, AERO, PRSO, MVIT, STR) and Physical
Research Laboratory, Ahmedabad.
(a) Temperature Probes and Heat experiment
The probe development involves estimation of the force
required to pierce the lunar regolith (for a given configuration
of the probe structure), material development and structural
design of the probe, integration of the probe with thermal
sensors and thermal characterization. Incorporating the
lunar regolith parameters obtained by Apollo measurement
(Lunar Source Book), the penetration force required for
the insertion probe with probe-head having conical shape,
has been estimated. Structural design of the probe has been
evolved by considering the force required to penetrate the
probe into a varying denser lunar surface by a cylindrical
probe with one end moulded into conical shape.
Prototype of the probe with low thermal conductivity and
sufficient mechanical strength has been developed using
specifically designed composite material. Composite
materials with different combinations of resin and filler
material have been developed. Efforts are on to develop
an optimum composition with lower thermal conductivity
while maintaining the required thermo-mechanical
properties. The composite material has been machined
according to the design to develop the prototype of the
probe. Integration of probe with sensors and heaters is in
progress. Experiments for the thermal calibration of the
probe, estimating the contamination from various paths
of heat flow within the probe (through the probe material
and electrical wires), and minimizing the errors in thermal
measurements are being devised.
(b) ChaSTE Electronic Module
The on-board electronics for ChaSTE payload consisting
of signal conditioner, data acquisition system, and control
and payload interface systems, has been designed to meet
the stringent requirements for measuring the lunar surface
temperature in the range of -200°C to +150°C. Necessary
interfaces between the payload and Lander-Craft through
telecommand and telemetry are being developed. The
major functional requirements for the on-board electronics
for ChaSTE payload are: (a) drive the stepper motor for
probe deployment by receiving telecommand from the
Lander Craft, (b) acquire temperature data from the eight
RTD sensors of the probe, (c) transfer the acquired data
to Spacecraft/Lander-Craft by synchronous serial CMOS
interface and (d) ON or OFF heater element of the probe by
receiving telecommands from the Lander-Craft.
Probe Deployment System
Probe deployment mechanism has three systems in series.
The first is a hold and release system. The probe will be held
on one of the solar panels of lander in a stowed condition.
The first action of the deployment will be to release the
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probe and direct it in the downward position (parallel to
lunar gravity). The second is a locking system which is
a passive device to lock the probe at 90° with respect to
the bottom deck. The third part of ChaSTE deployment is
the penetrating mechanism for inserting the probe into the
lunar regolith with minimum disturbance. This is achieved
by ball-screw based linear actuation by the BLDC motor.
Network of Observatories for Boundary Layer
Experiments (NOBLE) Project
The IGBP-NOBLE project, coordinated by SPL, is aimed
at investigating the surface-air interaction processes and
atmospheric boundary layer characteristics at distinct
geographical and meteorological conditions. Experimental
exploration of the ABL parameters is mainly achieved
through observations using tower-based fast-response
micrometeorological sensors mounted at multiple levels,
while the altitudinal structure is observed using Sodar. Eight
stations have been established under the IGBP-NOBLE
project (Fig.7). Installation of the 32-m tower at Goa
University, Goa, has been completed while the 25-m tower
at National Remote Sensing Centre (NRSC), Hyderabad,
is being setup. Results on the surface layer meteorological
variables and turbulence characteristics during intense
convective events derived from the micrometeorological
observations carried out at Birla Institute of Technology
(BIT), Ranchi (continental region) are presented below. The
on-going activities at North-Eastern Space Applications
Centre (NE-SAC), Shillong (hilly terrain in Northeast
India), Andhra University (AU), Visakhapatanam (coastal
station), and Sri Krishna Devaraya University (SKU),
Ananthapur (semi-arid region) are summarized.

Figure 7: Locations of the network of NOBLE observatories. Red
circles indicate those under development

In addition to the above, the facilities developed under
NOBLE project have also been utilized for other
applications of ISRO. Tethersonde/tethered-balloon flights
carrying meteorological sensor and a metallic sphere
of known radar reflectivity have been carried out from
different locations in TERLS during 12-15 May 2015
for calibration/validation of the reflectivity derived from
the C-Band Doppler Weather Radar being established at
TERLS by ISTRAC, Bangalore (Fig. 8).

In addition to the regular observations, two major
experimental campaigns were conducted during the
reporting period:
1. A dedicated experiment campaign, in collaboration
with NE-SAC, Shillong, has been conducted to investigate
the diurnal evolution of the vertical structure of ABL, its
effect in mesoscale circulation and the role in controlling
regional meteorology over a mountainous terrain (East
Khasi Hills in northeast India) during the per-monsoon
season. The experiment mainly involved simultaneous
3-hourly balloon-borne radiosonde observations from
Shillong (East Khasi Hills) and Guwahati (plains in the
northern foothills of East Khasi) continuously for 12 days
(5-17 March 2015).
2. A pilot campaign was carried out, in collaboration with
the Atmospheric Dynamics Branch of SPL, at the Indian
Antarctic station at Bharati during 04-15 February 2015 for
investigating the ABL characteristics and vertical flux of
energy and momentum at the polar station, based on fastresponse sonic anemometer observations.
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Figure 8: Tethersonde carrying a metallic sphere of known
reflectivity and meteorological sensors for calibration of the
reflectivity observed using the C-Band Doppler Weather Radar
at TERLS

Surface layer processes and ABL characteristics
significantly influence the development of mesoscale
convective systems, including thunderstorms, through
moisture, momentum and energy exchange between the
surface and the atmosphere, and vice versa. In general,
the pre-monsoon season witnesses frequent occurrence
of thunderstorms over the Indian region. Triggered by the
strong surface heating, single or cluster of thunderstorm
cells frequently occur over Jharkhand during this
season. Understanding of the variations in surface layer
and turbulence parameters during the occurrence of
thunderstorms is rather weak. This study investigates
the changes in meteorological variables, surface layer
parameters, energy and momentum fluxes and turbulence
structure associated with thunderstorm events using the
tower-based micrometeorological observations carried out
at BIT Ranchi (23°25’N, 85°25’E, Elev. 609 m). Occurrence
of thunderstorms and their intensities are inferred using
collocated atmospheric electric field (AEF) measurements.
One of the uniqueness of this study is the observations
of distinct change in turbulence spectra associated with
thunderstorm events.
Evolution of surface
thunderstorms

layer

parameters

during

Fig. 9 shows the AEF observed during the lightning
(thunderstorm) days of 10 April, 2012 (afternoon cell which
produced a rainfall of 2.4 mm) and 30 May 2011 (morning
and afternoon cells). Fig. 10 shows the comparison of
the temporal variations of meteorological parameters and
incoming solar flux during the thunderstorm day (10 April
2012) and an adjacent fair-weather day (8 April 2012).
Large cloudiness associated with the convective cell

development has reduced the solar irradiance at surface
(shortwave flux, SWF) from 752 to 53 Wm-2 between
12 and 14 IST. Compared to the fair-weather day, the
warm (warmer by 2 to 4°C) and moist airmass (relative
humidity >96% during the morning period) that prevailed
on 10 April provided considerable moist static energy at
the surface, triggering the development of the afternoon
convection. Upward transport of moisture and increase in
air temperature during the forenoon period has caused a
decrease in the surface layer RH before the thunderstorm
event. The rapid decrease in SWF (by ~700 Wm-2) as well
as the changes in mesoscale circulation and precipitation
has decreased the air temperature by ~6°C between 1415 IST. As the SWF continued to be low even after the
thunderstorm occurrence, the air temperature continued
to decrease further. The drop in pressure during noon was
~2 hpa more than the corresponding variations during fairweather days.
Fig. 11 shows the diurnal variations of sensible heat flux
(SHF), momentum flux (MF), turbulent kinetic energy
(TKE) and stability parameter (z/L) during the thunderstorm
day (10 April 2012) and fair-weather day (08 April 2012).
Owing to the considerable decrease in air temperature, the
SHF decreased from 200 Wm-2 at 12 IST to nearly zero
(the large negative value observed at ~14 IST is due to
rainfall and is ignored). This reduction in magnitude is
substantially larger than that during the fair-weather day.
While large wind variance occurred before the event (due
to gusts), the wind variance after the event is comparable
to that during the fair-weather day. This intense convective
activity has resulted in the rapid increase of TKE and MF
by a factor of >3 before the thunderstorm event. Stability
parameter (z/L) indicates that the surface layer was highly
unstable during daytime before 12 IST (z/L<0), while nearneutral conditions prevailed during and after the event.

Figure 9: Temporal variations of atmospheric electric field during the thunderstorm days of (a) 10 April, 2012 and (b) 30 May 2011.
The vertical dashed lines indicate the lightning period [Arun et al., JASTP, 2014]
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Response of Atmospheric Surface Layer to Intense
Convective Events at Ranchi

Figure 10: Comparison of the diurnal variations of meteorological parameters during the thunderstorm day (10 April 2012) and fairweather day (08 April 2012). The vertical line indicates the time of lightning strike [Arun et al., Meteorol. Atmos. Phys., 2015]

Figure 11: Comparison of the diurnal variations of sensible heat flux (SHF), momentum flux (MF), turbulent kinetic energy (TKE) and
stability parameter (z/L) during the thunderstorm day (10 April 2012) and fair-weather day (08 April 2012). The vertical line indicates
the time of lightning strike [Arun et al., Meteorol. Atmos. Phys., 2015]

In contrast to the afternoon thunderstorm event on 10 April,
30 May 2011 has witnessed the development of two less
intense convective cells: one in the morning followed by
another in the afternoon. The diurnal variations of surface
layer parameters and the periods of the thunderstorms
are depicted in Fig.12. A rainfall amount of 2.7 mm was
recorded after the first event, while no rainfall occurred

10

during or after the second. Overall variations in the
surface layer parameters and turbulence characteristics
observed on 30 May are similar to those observed on 10
April. Development of this morning convective event
arises mainly from the surface layer instability rather than
the local surface heating by SWF. The following are the
major differences between the meteorological and surface

Non-dimensionalized wind variations with stability
parameter
According to Monin-Obukhov similarity theory (MOST),
some of the non-dimensionalized surface layer parameters
normalized with appropriate scaling parameters are
universal functions of z/L such scaled variables can also
be used for comparing the variations observed at different

Figure 12: Comparison of the diurnal variations of meteorological parameters
during 12 May 2011 (when thunderstorms occurred in the morning and
afternoon) and fair-weather day (06 April 2011). The vertical lines indicate
the time of the lightning strike [Arun et al., Meteorol. Atmos. Phys., 2015]

C before the event and increased to the normal value by
noon, (iv) RH continued to be relatively high even after
the first event, (v) the warm and humid airmass that
prevailed after the first event provided sufficient moist
static energy and triggered the development of a second
thunderstorm event in the afternoon within 3 hours after
the first event, (vi) the second event also was a smaller
system and resulted in the air temperature reduction of
only ~2º C. The decrease in SHF associated with both
these systems was <100 Wm-2 (Fig.13).
SPL Annual Report: 2014-15

Figure 13: Diurnal variations of atmospheric
surface layer parameters during the thunderstorm
day (30 May 2011) and a fair-weather day (06 April
2011): (a) sensible heat flux (SHF); (b) turbulent
kinetic energy (TKE) and (c) stability parameter
(Red colour corresponds to the fair-weather day
and black colour represents the thunderstorm day;
vertical lines indicate the time of lightning strike)
[Arun et al., JASTP, 2014]

meteorological and geographical conditions. Fig. 14 shows
scatter plot of the standard deviations of vertical wind
normalized with friction velocity (σw/u*) as a function
of surface layer stability parameter (z/L) for unstable
conditions (z/L< 0). These variations are best fitted to a
relationship
σw
u

*

( L)

= a+b z

c

where the values of a, b, and c are obtained through
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layer parameters observed during the afternoon event of
10 April and the twin event of 30 May: (i) the reduction
of SWF prior to the event was substantially smaller (~200
Wm-2) as the event occurred about 2-3 hours before the
local noon, (ii) scale size of the convective system is
smaller as most of the thick clouds disappeared and SWF
has increased to the normal level by noon, (iii) as a result
of the above, the air temperature decreased only by ~4º

regression as 0.65, 1.4, and 0.43 respectively. The power
law variation with an index of 0.43 is close to the values
reported elsewhere and by the empirical models (c=1/3).
For neutral conditions, the value of (σw/u*) is found be
about 1.1, which is close to the values (~ 1.2) reported
elsewhere. This shows the applicability of MOST during
the convective conditions and its utilization for deriving the
ABL parameters based on the estimated scaled variables.
Turbulence spectra associated with thunderstorms
The characteristics of energy containing eddies, their
sizes, and quantification of the turbulent energy contained
in different scale sizes can be investigated using spectral
analysis of the high-frequency observations of wind
and temperature fluctuations. Changes in the spectral
characteristics of turbulence associated with convection
and thunderstorm are investigated using the time evolution
of turbulence spectra and its comparison with the

Figure 14: Scatter plot of the standard deviations of vertical wind
normalized with friction velocity (σw/u*) as a function of surface
layer stability parameter (z/L) for unstable conditions (z/L < 0)
[Arun et al., JASTP, 2014]

corresponding spectra during a fair-weather day (Fig. 15).
During the fair-weather day, the spectral peak is observed
around 10-3 to 10-2.5 Hz during noon (11-14 IST), and is
shifted to around 10-2 Hz by the evening (16-17 IST). This
shows the development of larger eddies (and quantifies
their scale sizes) in the fully developed convective ABL
and decrease in the energy associated with large-scale
eddies in the afternoon due to weakening of convection.
Turbulence energy dissipation and their spectral variations
during the thunderstorm day are similar to those during
the fair-weather day, except for the following significant
deviations: (i) during the thunderstorm day, the turbulence
spectra show a decrease in energy level during the prenoon period (09–10 IST) because of the steady winds, (ii)
development of the thunderstorm cell is associated with a
shift in spectral peak towards the lower frequency side and
increase in spectral energy during the period of 1100–1200
IST, (iii) during the thunderstorm event (14-15 IST), the
spectral peak shifts to high frequency side, which is also
associated with an energy reduction at lower frequencies
and a weak energy enhancement at higher frequencies, (iv)
during the period following the thunderstorm (15-16 IST),
the energy contained in all the frequencies get significantly
reduced (by a factor of >4) compared to the earlier period
during the thunderstorm day as well as the same period
during the fair-weather day, (v) the spectra revert back to
the normal pattern about 2 hours after the thunderstorm
event. The above features show the characteristic changes
in turbulence spectra and spectral energy densities caused
during the life cycle of thunderstorms.

Figure 15: Comparison of the turbulence spectra of u-component of wind observed during the thunderstorm (10 March 2012) and
fair-weather (23 March 2012) days. [Arun et al., Meteorol. Atmos. Phys., 2015]

12

MBLP

Analysis of Moupfouma Rain Rate model for Southern
India
Signal degradation due to absorption and scattering of
microwaves by rain drops (rain attenuation) is the primary
cause of concern for satellite links operating at and above
10 GHz, which can be modelled if the precipitation
characteristics are available. Conventionally, the rain rate
cumulative distribution function (the percentage occurrence
as a function of cumulative rain rate) required for the above
are expressed using the Moupfouma analytical model,
defined by:
b

 R + 1  u ( R - r )-loge 104 
P(R ≥ r) =
100  0.01  e 0.01
 r +1 
where, r (mm/hr) is the observed rain rate, R0.01 (mm/hr) is
the one-minute integrated rain rate exceeded for P=0.01%
of time, b accounts for the shape, and u governs the slope of
the cumulative distribution. Derivation of the coefficients
u and b in the above model can be obtained from 1-minute
sampled rain rate measurements.
The 1-minute precipitation rate observed at Thumba
during 2007-2011 and 2013 has been used to determine the
parameters governing the Moupfouma analytical model
and to investigate the probability of occurrence of different
rain rates over the west coast of Indian peninsula. Plot
of the observed cumulative distribution of the one-minute
rain rates and the fitted Moupfouma distribution are shown
in Fig. 16, which shows that the Moufpouma model is able
to reproduce the observed rain rate distribution, except for
very intense precipitation (ran rate >100 mm/hr, which has
extremely small probability of occurrence over this region.

Ongoing Activities
Seasonal mean variations of ABL over Semi-arid
region, Ananthapur (17.7° N, 83.10° E)
Seasonal mean diurnal variations of winds, surface layer
parameters and energy fluxes during December 2013
to November 2014 at Ananthapur (17.7° N, 83.10° E),
a semi-arid region, are investigated using fast response
sensors mounted on a meteorological tower at 10 m and 18
m height levels. Diurnal variations of SHF, MF and TKE
show a peak around noon during all seasons. Daytime SHF
is largest during the pre-monsoon/winter seasons with
maximum value of 343 ± 71 Wm-2, and minimum during
the summer monsoon season when the peak value is 200 ±
52 Wm-2. The seasonal mean values are 74, 82, 68 and 63
Wm-2 during winter, pre-monsoon, summer monsoon and
post-monsoon seasons respectively. Night-time downward
sensible heat flux during winter, pre-monsoon and postmonsoon are -26, -22 and -16 Wm-2, while it is 4 Wm-2
during the summer monsoon period. The monthly mean
SPL Annual Report: 2014-15

Figure 16: Comparison of cumulative distribution of the observed
and modelled rain rate at Thiruvananthapuram [Chandrika et
al., JASTP, 2015]

noontime peak values of TKE is largest (least) during
summer monsoon (post-monsoon) season. In general, the
values of TKE and MF are significantly larger during the
summer monsoon period compared to the other seasons and
might be due to the stronger horizontal winds prevailing
during this season.
Influence of Synoptic Circulation on Sea Breeze
Characteristics at Visakhapatnam
Influence of synoptic circulation on the sea breeze
characteristics at Visakhapatnam, a station located in
the east coast of peninsular India, has been investigated
using Doppler sodar observations carried out during
winter season. This season is characterized by dry weather
conditions and less cloudiness that enable the dominance
of local meteorology in regulating the diurnal evolution
of ABL. The wind variations show prominence of the sea
breeze circulation, with predominantly offshore surface
layer winds during night-time. The daytime winds have
larger variability, while the daytime surface layer winds
during most of the days is onshore. The sea/land breeze
components are found be closely linked to the synoptic
circulation. On average, off-shore conditions prevail at
850 hpa during December while a mixture of all the above
conditions prevails during January and February. Unlike
the coastal stations such as Thumba, the onset time of sea
breeze at Visakhapatanam varies over a wide range from
08 to 12 IST. A distinct relationship between the sea breeze
circulation and the synoptic flow is evident in this analysis.
Almost all the cases with early onset (08-09 IST) occurs
when the synoptic lower tropospheric flow is onshore
while the late onset (after 11 IST) occurs when the synoptic
wind is offshore.
Spatial distribution and radiative impact of tropical
clouds using multi-year satellite observations
Among the essential climate variables, clouds have a
paramount role in regulating the weather and climate
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of the Earth-atmosphere system through a host of direct
and feedback processes, which regulate the vertical and
horizontal transport of energy and moisture and modulates
the radiation balance, large-scale dynamics and thermal
structure of the atmosphere and hydrological cycle. The
mean three-dimensional distribution of tropical clouds
and their impact on the radiation budget of the Earthatmosphere system has been investigated based on the
analysis of multi-year observations (2006-2010) using the
CloudSat and CERES. Altitude distribution of clouds and
their spatial variations are derived from the space borne
radar, CloudSat, with a vertical resolution of 240 m along
the satellite’s orbital track. Observations of the shortwave
and total radiances at the top-of-atmosphere using CERES
instrument onboard the polar sun-synchronous satellite,
Aqua, are used to derive the reflected shortwave and emitted
long-wave radiative fluxes emanating from the Earthatmosphere system and hence the shortwave and long wave
cloud radiative forcing (SWCRF and LWCRF). This study
brings out the seasonal mean vertical structure of clouds
and their radiative impact associated with the Hadley and
Walker cells. Structure of the ITCZ (inferred from cloud
vertical distribution) and its global variations during
different seasons are also brought out. Highly reflecting
low-level clouds, with largest occurrence at ~1-1.5 km
altitude, over the descending limb of Hadley cell produce
substantial cooling (SWCRF >250 Wm-2 and negligible
LWCRF) of the Earth-atmosphere system. Frequency of
occurrence of these clouds undergoes significant diurnal
variation, while their altitude of occurrence remains

similar during day and night. This results in a diurnal
variation of LWCRF, with the magnitude of the night-time
values exceeding daytime by ~10 Wm-2. Their occurrence
is largest over the southwest coast of Africa at the south
Atlantic and west coast of the tropical American continent
off the south and north Pacific.

Future Projections
•

•

•
•
•
•
•
•
•
•

Diurnal variation of surface layer characteristics derived
from fast-response micrometeorological observations
over hilly terrains and exploration of the applicability
of similarity theory over such terrains and conditions.
Focussed experimental campaigns at NOBLE stations
for investigation of ABL dynamics and role in
mesoscale circulation.
Realization of the network stations under development.
Realization of UHF Profiler.
ChaSTE payload development.
Integration of Microwave Radiometer Profiler and
Lidar observations for boundary layer studies.
Multiyear MRP observation for characterization of
tropical convection.
Investigations on the deep convective clouds and role
of ITCZ using MT data.
GMRT observations and analysis for Venus subsurface
thermal characterization.
Initiate developmental activity for Martian/Venus
surface/subsurface studies.
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3. Solanki, R., N. Singh, N.V.P. Kiran Kumar, K. Rajeev and S. K. Dhaka, “Surface layer characteristics derived from
fast-response micrometeorological observations over a mountain peak in the central Himalayas” COSPAR-2014,
Moscow, Russia, 2-10 Aug., 2014.
4. Gupta, A. K., and K. Rajeev, Global variations of cloud radiative forcing during northern hemispheric summer
estimated from CERES data, Proceedings of IASTA Conference, Varanasi, 11-13 Nov., 2014.
5. Mishra, M. K., N. Mohan, N. Mathew, C. Suresh Raju, A. Bhardwaj, “Microwave Remote Sensing of Venus
Surface and Sub-surface”, 2nd Venus workshop, National Geophysical Research Institute, CSIR, Hyderabad, 29
Oct., 2014.
6. Mathew, N., N. Mohan, M. K. Mishra, C. Suresh Raju, A. Bhardwaj, “Thermal emission from Venus at microwave
frequencies and the preliminary discussions”, 2nd Venus workshop, National Geophysical Research Institute,
CSIR, Hyderabad, 29 Oct., 2014.
7. Renju R., C. Suresh Raju, and K. K. Moorthy, “Multi-Scale analysis of humidity over equatorial coastal station
observed using ground based microwave radiometer profiler and GPS”, 27th Kerala Science Congress- 2015,
Alappuzha, 27-29 Jan., 2015.
8. Mohan, N., S. Roy, G. Swarup, D. Oberoi, N. Mohan, Rajmohan, C. Suresh Raju, and A. Bhardwaj, “Radio
Observation of Venus at Meter Wavelengths using the GMRT”, 33rd Astronomical Society of India Conference-2015,
National Centre for Radio Astrophysics -TIFR, Pune, 17-20 Feb., 2015.
9. Mathew, N., C. Suresh Raju and M. K. Mishra, ‘’Megha-Tropiques SAPHIR data analysis for Upper Tropospheric
Humidity and Deep Convective Cloud Studies”, International Conference on Climate Change & Disaster
Management, Trivandrum, 26-28 Feb., 2015.
10. Suresh Raju C., T. Antony, N. Mathew, R. Renju., and M. K. Mishra, “Flood extend analysis using satellite
radiometric observations”, International Conference on Climate Change & Disaster Management, Trivandrum,
26-28 Feb., 2015.
11. Renju R., C. Suresh Raju, N. Mathew, T. Antony, and M. K. Mishra, “Microwave radiometer observations of
vertical structure of water vapor and tropical convection”, International Conference on Climate Change & Disaster
Management, Trivandrum, 26-28 Feb., 2015.
12. Mishra, M. K., K. Rajeev, A. K. Gupta, Direct observations of the radiative impact of mineral dust over the Arabian
Sea using Megha-Tropiques ScaRaB, International Conference on Climate Change & Disaster Management,
Trivandrum, 26-28 Feb., 2015.
13. Rajeev K, A. K. Gupta, A. K. M. Nair, M. K. Mishra, Diurnal variations of cloud radiative forcing over the
tropics: observations using MEgha-Tropiques-ScaRaB, International Conference on Climate Change & Disaster
Management, Trivandrum, 26-28 Feb., 2015.
14. Gupta, A. K., K. Rajeev, A. K. M. Nair, Spatial distribution and radiative impact of tropical clouds: an integrated
approach based on multi-year satellite observations, International Conference on Climate Change & Disaster
Management, Trivandrum, 26-28 Feb., 2015.
15. Nair, A. K. M., K. Rajeev, T. N. Rao, Contrasting characteristics of the 3-dimensional cloud distribution during a monsoon
deficit season, International Conference on Climate Change & Disaster Management, Trivandrum, 26-28 Feb., 2015.
16. Nair, A. K. M., T. N. Rao, K. Rajeev, Dynamics of the ‘Pool of Inhibited Cloudiness’during active and break phases
of Indian summer monsoon, International Conference on Climate Change & Disaster Management, Trivandrum,
26-28, Feb., 2015.
17. Santosh, M., and K. Rajeev, Improved estimation of atmospheric boundary layer height from simulations of
atmospheric refractivity over the tropical oceans – a study using DYNAMO 2011 radiosonde data, International
Conference on Climate Change & Disaster Management, Trivandrum, 26-28, Feb., 2015.
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Session Chair/Convener/Rapporteur in Conference/Symposium/Workshops
1. Rajeev K, Co-Chair, Programme Committee, IAA-IISL-KSCSTE International Conference on Climate Change
and Disaster Management, 26-28 Feb., 2015.
2. Suresh Raju C, Session Convener: IAA-IISL-KSCSTE International Conference on Climate Change and Disaster
Management, 26-28 Feb., 2015.
3. Nizy Mathew, Rapporteur, IAA-IISL-KSCSTE International Conference on Climate Change and Disaster
Management, 26-28 Feb., 2015.
4. Manoj Kumar Mishra, Rapporteur, IAA-IISL-KSCSTE International Conference on Climate Change and Disaster
Management, 26-28 Feb., 2015.
Invited Lectures
Suresh Raju C

1. “Microwave techniques for Venus surface and subsurface probing”, IInd Venus Worksop, NGRI, Hyderabad, 2829 Oct., 2014.
Rajeev K

1. “Satellite Applications: Remote Sensing and Scientific Missions”, Induction Training Programme for Admin.
Staff of ISRO Centers, LPSC, Valiamala, 24 Sept., 2014.
2. “Distribution of monsoon clouds and their impact on atmospheric energetics”, National Workshop on Monsoon,
Cochin University of Science and Technology, Cochin, 11-12 Dec., 2014.
3. “Probing the Earth-Atmosphere system from space”, National Conf. on Advances in Physics, Govt. Arts College,
Trivandrum, 4 Feb., 2015.
4. “Atmospheric Boundary Layer & Potential of GPSRO technique in its characterization”, Workshop on GPSRO
Technique and Applications, SRM University, Chennai, 17 Mar., 2015.
Deputations
1. Manoj Kumar Mishra & Anish Kumar M Nair, COSPAR-2014, Russia, 2-10 Aug.,2014.
2. Suresh Raju C. NISAR International Workshop, SAC, ISRO, Ahmedabad, India , 17-18 Nov.. 2014.
3. Rajeev K, Suresh Raju C., Nizy Mathew, Manoj Kumar Mishra, M. Santosh, Ashok Kumar Gupta, International
Conference on Climate Change and Disaster Management (i3cdm- 2015), Kovalam, 26-28 Feb., 2015.
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Aerosols and Trace Gases constitute two minor species in the Earth’s
atmosphere which are climatically and environmentally significant in the
Geosphere-Biosphere system. Interacting with incoming solar radiation
and outgoing terrestrial radiation, these species alter the radiation balance
of the Earth-atmosphere system leading to regional short-term radiative
forcing as well as long-term climatic impacts. Several of them being
chemically active often cause adverse effects to life forms as well as
material. The gases of climate/environmental importance include O3, CO2,
CH4, N2O, H2O, CO, NO2 , SO2 , halogen species, CFCs, etc., most of
them being air pollutants and/or Green House gases. Governed by primary
emissions, photochemistry and transport, these species present large spatial
and temporal heterogeneities in their global distribution, demanding
continuous measurements at regional scales with global coverage. The
newly constituted branch of activity, namely, Aerosol Chemistry and
Trace Gases (ACTG) aims at focused research on atmospheric trace
gases and chemical characterisation of aerosols. ACTG activity focuses
on the evolution of a 3D (in latitude, longitude and altitude) distribution
of trace gases and aerosols over Indian region with a view to understand
and assess their climatic and environmental/health impacts by using state
of the art ground-based techniques, balloon-borne sondes, satellite-based
data and modelling tools. The experimental facilities of the branch include
a set of on-line gas analysers, aerosol samplers, ion chromatograph, gas
chromatograph, ozone sondes, eddy-covariance system and GPS sondes.
The outcome of this research activity has applications in the areas of
climate research, air pollution assessment and control measures, pollution
transport, environmental/biological impact assessment, satellite remote
sensing, and weather prediction.

ACTG
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Atmospheric Trace Gases
Long-term trend in troposphere Carbon Monoxide
over Indian region
Utilizing the carbon monoxide (CO) retrieved from
MOPITT (Measurements of Pollution in the Troposphere)
on board Terra satellite for a period of 2000-2014 (~14
years), trend analysis was carried out over distinct regions
over the Indian landmass and surrounding oceans, namely,
Arid-India (A-I), West-Indo Gangetic Plains (W-IGP),
East-IGP (E-IGP), North East India (NE-I), North Arabian
Sea (N-AS), West-India (W-I), Central India (Central-I),
East-India (E-I), North Bay of Bengal (N-BoB), SoutheastArabian Sea (SE-AS), Southern India (S-I) and SouthwestBay of Bengal (SW-BoB) as shown in Fig. 1. Linear
regression analysis on the monthly CO-anomaly versus
time (in months) provides a quantitative estimate of the
long term trend.

in retrieved CO at 900 and 200 hPa were estimated (Fig.
3). The analysis of biases in the estimated trends due to
temporal changes in the MOPITT averaging kernels shows
that magnitude of the realistic trend may change but the
sign (positive or negative) of trend remains the same.

Figure 2: The trend in MOPITT retrieved CO at 900 (black), 200
(red) hPa and columnar CO (blue) over different study regions.
The star (*) represents that trend is statistically insignificant. The
CO anomalies are relative to monthly basis data for a period of
2000 to 2014 [Girach and Nair, Atmos. Env., 2014]

Figure 1: Study regions over Indian land and surrounding
oceans [Girach and Nair, Atmos. Env., 2014]

Fig. 2 shows the trend in lower-tropospheric CO
(represented at 900 hPa), upper-tropospheric CO
(represented at 200 hPa) and columnar CO over the study
regions. As seen in Fig. 2, a decreasing trend is seen in
lower-tropospheric CO at 900 hPa in the range of 2.0-3.4
ppb year-1 (1.1-2.0 % year-1) and the increasing trend in the
upper-tropospheric CO at 200 hPa in the range of 1.4-2.4
ppb year-1 (1.8-3.2 % year-1) depending upon the region.
Since absolute magnitude of trend is higher for lowertropospheric CO than that of upper-tropospheric CO,
columnar CO also shows decreasing trend in the range of
6.0-13.6 x 1015 molecules cm-2 year-1 (0.3-0.6 % year-1). The
decreasing trend in columnar CO over many land regions
(NE-I, W-I, Central-I, E-I and S-I) is not statistically
significant. These estimated trends have biases due to
temporal changes in averaging kernels. We calculated
those biases by estimating the artificial trend arising due
to temporal changes in averaging kernels. Depending upon
positive or negative biases, minimum and maximum trend
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Figure 3: The corrected trend (linear fit of anomaly versus
months) in MOPITT retrieved CO at 900 and 200 hPa accounting
the biases due to changes in MOPITT averaging kernels [Girach
and Nair, Atmos. Env., 2014]

In spite of the increase in population and increase in
anthropogenic activities including vehicular emissions
over years, there is decrease in lower-tropospheric CO
which is attributed to (1) the effective implementation
of air pollution norms (while the number of vehicles
has increased by a factor of ~2.5, the emission of CO
(g km-1) by the two-wheelers has reduced to half over
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and the southern part (3-9°N and 78-92°E). Highest
aerosol mass loading was observed over north BoB with
an average of 88 ± 26 µg m-3 indicating high levels of
pollution. Comparitively less loading of about 45 ± 21 µg
m-3 was measured over mid BoB where an anticyclonic
flow prevailed. Another interesting feature observed during
this campaign was the relatively high aerosol mass loading
(55 ± 9 µg m-3) over southeast-BoB, a region explored for
the first time. Two extremely low values of 4 and 6 µg m-3
were observed over southern BoB consequent to the rain
event.

Aerosol Chemistry
Winter time characteristics of aerosols over Bay of
Bengal: Source regions
About 101 aerosol samples are collected, from the marine
environment of Bay of Bengal (BoB), covering 3.4ºN21ºN latitude and 76ºE-98ºE longitude sector, during
the northern winter months of December 2008 - January
2009 as a part of the Integrated Campaign for Aerosols
gases & Radiation Budget (ICARB). These samples were
subjected to gravimetric and chemical analysis and the
total aerosol loading and the mass concentration of the
various ionic species, namely F-, Cl-, Br-, NO2-, NO3-, PO42,
SO42- NH4+, etc., and the metallic species, Na, Mg, Ca, K,
Al, Fe, Mn, Ca, Zn and Pb were estimated for each sample.
Significant level of continental pollution was noticed
over BoB during winter. Based on the spatial distribution
of individual chemical species, the air flow pattern and
airmass back-trajectory analysis, the source characteristics
of aerosols for different regions of BoB were identified.
While transport of pollution from IGP (Indo-Gangetic
Plain) contributed to aerosols over north BoB, those over
SE BoB were influenced by SE Asia. A quantitative study
on the wind-induced production of sea salt aerosols and a
case study on the species dependent effect of rainfall were
also carried out.
Spatial variation of aerosol mass loading over BoB
during winter
During winter, the total mass loading of aerosols (ML)
ranged from a maximum of 139 µg m-3 to a minimum
of 12 µg m-3 with a mean value of 53 ± 29 µg m-3, being
significantly higher than the oceanic background levels.
The spatio-temporal variation of aerosol mass loading over
BoB is illustrated in Fig. 4. Based on the observed spatial
features of aerosols, the study region is divided into 5: the
northern part constituting 16-21°N 86-93°E, the coastal
side of west BoB from Chennai (13.18°N, 80.30°E) to
Paradip (20.30°N, 86.55°E), the mid-BoB (12-16°N and
83-90°E), the south-eastern part (3-14°N and 93-98°E)
SPL Annual Report: 2014-15

Figure 4: (a) Variation of aerosol mass loading as a function
of time (day) along the cruise track/day to day basis. (b) Spatial
pattern of ML over BoB [Aryasree et al., Env. Sci. Poll. Res.,
2015]

Natural, anthropogenic and crustal components over
BoB
Spatial pattern of the ocean derived chemical species,
like, Na, Cl, Mg (Fig. 5) is indicative of the distribution
of sea-salt aerosols, the natural component, in the marine
atmosphere. It is clearly seen that all these species show
similar spatial pattern, with high over the mid, southern and
south-western BoB. But this pattern is different from the
distribution of ML indicating that the aerosol distribution
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a period of ~10 years), (2) observed increase in lowertropospheric water vapour (which is a source of OH
radicals in the presence of ozone and solar radiation) along
with lower-tropospheric ozone acting as strong removal
mechanisms of CO. Increase in upper-tropospheric CO
is due to increased convective activity, pumping up the
lower tropospheric CO to higher altitudes which is also
partially responsible for decrease in lower-tropospheric
CO. In addition, the increased number of aircrafts could
be another possible reason for increasing trend in uppertropospheric CO. The decreasing trends in the lower part of
troposphere were stronger than the increasing trend in the
upper troposphere thus resulting in decrease in columnar
CO.

Figure 5: Spatial variation of mass concentration of oceanic species (Cl, Mg and Na) over BoB [Aryasree et al., Env. Sci.
Poll. Res., 2015]

is species dependent. High mass concentrations of the
oceanic species Cl and Na and the seasalt components of
Ca, K, Mg and SO4 over southern BoB is attributed to the
high wind (speed >10 m/s) blowing over this region. The
total sea-salt (ss) and non-seasalt (nss) component in the
marine environment revealed dominance of nss aerosols
over the marine environment of BoB, in particular the
northern parts contributing upto ~99% of total mass
loading. Southeast part of BoB is anthropogenically
influenced from the potential source regions of East Asia,
with an average of 80% nss component. Over the southern
part the nss contribution decreased upto 40% and the ss
contribution increased.
The seaward extent of the anthropogenic species SO42-,
NO3-, NH4+ and BC shows their intrusion (Fig. 6) from the
industrialized coastal regions to the oceanic environment

to a fairly long distance (few hundred kilometres). While
the peak concentrations of these species observed over
N-BoB is attributed to the transport from the highly
polluted IGP regions, their dominance over SE-BoB is
due to their origin from SE Asia with varying sources.
Presence of crustal derived species like Fe, Al and nss-Ca
over the ocean confirms long range transport from arid
and semi-arid regions to BoB and significant amount of
these species were detected over BoB with maximum
values close to the eastern coast of India (Fig. 7). Unlike
the anthropogenic species, the peak for Fe and Al over
north-BoB is not as prominent. Another notable feature
is that few isolated high (hot spots) in crustal species
are seen away from the coast (centered around 16oN,
85oE) attributed to long range transport and subsequent
subsidence.

Figure 6: Spatial distribution of anthropogenic species like BC, NO3 , NH4+ and SO42- [Aryasree et al., Env. Sci. Poll. Res., 2015]
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Figure 7: Spatial distribution of crustal species like Al and Fe [Aryasree et al., Env. Sci. Poll. Res., 2015]

Role of wind
The high aerosol mass loading over southern BoB in
winter has bearing on wind speed as supported by the high
concentration of sea-salt species (Na, Cl, etc) also. But, the
chemical composition of aerosols over north-BoB and SEBoB indicates the dominant role of continental transport.
The role of wind in sea-salt production was investigated
by considering Na as the tracer for sea-salt. Fig. 8a shows
an exponential increase of Na with wind speed of the form
MNa = M01 eb1U , where U is the wind speed, MNa, the mass
concentration of Na at wind speed U and M01 and b1 are
constants with b1 = 0.11 and M01 = 1.54. The total mass
loading of sea-salt aerosols Mss also follows an exponential
dependence of the form Mss = M02 eb2U with b2 = 0.18 and
M02 = 1.64.

Effect of rain: A case study
Rain events do cause depletion of near surface aerosols due
to wash out. The daily rainfall over Bay of Bengal during
the cruise period is obtained from the 3-hourly product of
Tropical Rainfall Measuring Mission (TRMM) using 3B42
algorithm, with 0.25o × 0.25o spatial resolution. About 15
mm of accumulated rain was recorded near and along the
cruise track. There was significant depletion of aerosol
mass loading from 40 to 6 µg m-3 immediately after the
rain. It was observed that rain induced removal of aerosols
is not uniform for all chemical species; instead, it is species
dependent. While the mass concentration of oceanic
species Na, Cl and the ss components of SO42-, K, Ca, Mg
species decreased after rain, the mass fraction increased.
The increase in mass fraction is due to decrease in total
loading (ML) while the mass concentration of individual
species remaining same or high. In this case, the possibility
is that associated with rain, strong winds also prevailed
over the region which produced sea spray and consequently
sea-salt aerosols. On the other hand, for anthropogenic
aerosol crustal species BC, SO42-, NH4+, nss-K, Al, and Fe
both mass concentration and mass fraction showed similar
variations.
Region specific composition of aerosols over BoB
Aerosols over BoB are broadly grouped as (1) Sea Salt
(SS), (2) Other Water soluble (OWS), (3) Mineral Dust
(MD), (4) Particulate Organic Matter (POM), and (5)
Black Carbon (BC). The mean mass concentrations of
these aerosols components for five distinct regions over
BoB namely (1) the North-BoB, (2) East coast of India,
(3) Mid-BoB, (4) Southeast-BoB and (5) South-BoB are
shown in Fig. 9.

Figure 8: (a) Scatter plot of mass concentration of Na against
wind speed along with the fitted curve (b) Scatter plot of mass
concentration of seasalt aerosol (Mss ) against wind speed along
with the fitted curve [Aryasree et al., Env. Sci. Poll. Res., 2015]

SPL Annual Report: 2014-15

The anthropogenically affected regions of North, Coast and
South East BoB showed more or less similar patterns with
WS contribution (SS+OWS) as maximum ranging from
41% to 45%, MD between 6% and 14%, BC from 4 to
5%, and POM ranging from 18 to 23%. The SS component
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is minimum over coastal regions (~3.6%) and maximum
over south BoB (>28%). Mid region of BoB was mostly
affected from the long range transport of MD from IGP and
MD showed a value of 18% which was high compared to
the other regions. WS fraction also showed high with 46%,
the residual fraction was comparatively less with 12%
and BC, POM percentages were comparable to the first
three locations. Over South BoB WS component showed
maximum percentage of 48%, indicating the dominance of
natural contribution compared to the anthropogenic, and
the contributions of MD (5%), BC (3%), POM (7%) were
observed very less. The residual fraction for this region
showed a very high value of 36%. This implies that there
are chances of under-estimation in the case of POM.

sources, like vehicular exhaust, fuel combustion and
cooking. In contrast, secondary OC (SOC) is formed
through gas/particle partitioning of semi-volatile reaction
products involving reactive organic gases. Due to a lack of
direct analytical chemical method, separating primary and
secondary organic aerosol and the enormous complexity of
organic aerosol have restricted researchers to estimate POC
and SOC using EC tracer methods. In our samples POC
concentrations were 6.2 ± 3.1 µg m-3 in postmonsoon, 6.2
± 2.7 µg m-3 in winter and 7.1 ± 3.3 µg m-3 in premonsoon.
Similarly, SOC concentrations were 9.7 ± 2.1 µg m-3 in
postmonsoon, 10.4 ± 2.8 µg m-3 in winter and 10.2 ± 3.1
µg m-3 in premonsoon. Total carbon in Thumba aerosols
varied from 10 to 29 µg m-3 with an average of 20 ± 5.8 µg

Figure 9: Contributions of SS, OWS, MD, POM and BC components over different regions over BoB [Aryasree et al., Env. Sci.
Poll. Res., 2015]

Carbon and nitrogen compounds in aerosols: Some
preliminary observations at Thumba
Aerosol total suspended particulate matter samples were
collected at the tropical coastal location Thumba operating
a high volume Aerosol sampler during September 2009
to March 2010. Precombusted quartz filter papers were
used as sampling media. Total carbon (TC) and nitrogen
(TN) concentrations were measured using an elemental
analyzer coupled to a gas chromatograph (GC). For the
measurement of water-soluble organic carbon and nitrogen,
the Total Organic Carbon/Total Organic Nitrogen (TOC /
TON) analyzer has been used. An OC/EC analyzer was
employed for the measurement of organic carbon (OC) and
elemental carbon (EC). Concentrations of all the species
reported here are corrected for field blanks. Primary OC
(POC) is directly emitted in particulate form by emission
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m-3. Minor variation in TC concentrations during winter
indicates the consistent source of carbonaceous material.
The observed TC concentrations were comparable to many
Indian cities, but significantly higher than European urban
background sites.
The OC levels were considerably higher than EC for all our
samples (5.7, 5.5 and 5.4 µg m-3 for post monsoon, winter
and premonsoon, respectively). Water-insoluble organic
carbon (WIOC) is defined as WIOC = OC – WSOC. Waterinsoluble organic carbon (WIOC) is defined as WIOC =
OC – WSOC. TN concentrations during post-monsoon
(3.6 ± 1.2 µg m-3) were higher as compared to winter (2.7
± 0.6 µg m-3) and post-monsoon (2.3 ± 0.8 µg m-3) seasons.
The higher TN content in aerosols observed over Thumba
during post-monsoon is probably related to greater NOx
compounds present in aerosols from fossil fuel burning.

Diurnal variation of turbulent fluxes, mixing ratio of
CO2 and H2O at Thumba (February-April 2014)
Eddy Covariance (EC) system - an excellent tool to address
the above aspects in totality over a given location - was
installed at the coastal station, Thumba and has been in
operation since February 2014. The EC system comprises
of: (i) Fast response (25 Hz) sensors for measuring
turbulence, CO2 and H2O fluxes using sonic anemometer
and open path H2O and CO2 analyser and (ii) slow response
(1 minute) micro-meteorological sensors for measuring
solar and terrestrial radiative fluxes, air temperature,

a broad peak in the afternoon hours with the peak value
of ~50 Wm-2 in April. Obviously diurnal pattern in LHF
might be attributed to diurnal variation in net radiation and
frequent pre-monsoon precipitation. Mixing ratio of CO2
shows peak value in the midnight (460 ppm) and minimum
(410 ppm) in the afternoons with a diurnal amplitude of ~50
ppm. Month to month variations are also observed in the
above parameters, CO2 flux shows a clear diurnal signature
with positive values in the night time and negative values
in daytime indicating that the atmosphere acts as a sink of
CO2 during daytime and source during night time. Diurnal
variations of CO2 fluxes are ranging from -6 to 6 µmol s-1m2
. Magnitude of H2O mixing ratio is higher during April
compared to February and March. Detailed analysis of data
is in progress.

Figure 10: Diurnal variation of turbulent fluxes (Sensible heat flux: SHF, latent het flux : LHF, CO2 flux) and mixing ratio of CO2 and
H2O in the atmospheric boundary layer (ABL) at Trivandrum during February, March and April 2014

humidity, wind, soil temperature, soil humidity and soil
heat flux. All atmospheric sensors are fixed at a height of
4 m above the earth’s surface.

New Initiatives

As a preliminary observation, the monthly mean diurnal
variation of sensible heat flux (SHF), latent heat flux
(LHF) and CO2 flux and mixing ratio of CO2 and H2O from
February to April 2014 are shown in Fig.10. SHF shows
clear diurnal pattern with peak around noon and minimum
in the night time hours whereas diurnal variation of LHF
is relatively small. The maximum peak value of SHF
occurred in March (~350 Wm-2) and minimum in April
(~ 270 Wm-2). This is associated with the diurnal variation
in temperature and convection. The latent heat flux show

A detailed study is initiated on atmospheric methane (CH4)
making use of satellite data, aircraft-based data and groundbased data. Fig.11 shows the annual pattern of column
CH4 over Indian region for 2004 as observed by Scanning
Imaging Absorption spectroMeter for Atmospheric
CHartographY (SCIAMACHY) on board ENVIronmental
SATellite (ENVISAT). The mean column CH4 starts
increasing from June onwards and peaks by September.
Generally, CH4 level decreases in November-December
and exhibit a secondary peak during January-March
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Spatial variation of Methane over Indian region
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Boundary Layer Meteorology and
Energetics

period. The annual pattern is more or less similar for all
the years, except for the fact that the month of highest CH4
levels is not same in all the years. This is closely linked
with regional agricultual patterns and monsoonal activity.

infrared (NDIR) detector to determine the derived CO2.
The measured carbon is defined here as water-soluble
organic carbon. The analytical precision of repeated
WSOC measurement is 2%.

Figure. 11: Monthly variation of column methane over Indian region as observed by SCIAMACHY

Measurements of Carbonaceous aerosols

Future Projections

In view of the dominance of carbonaceous aerosols in
atmosphere, three instruments have become operational in
SPL as part of the Aerosol Chemistry Laboratory. They
include (1) Autotitrator for the analysis of bicarbonates, (2)
Total Organic Carbon (TOC) Analyser for water soluble
carbon, and (3) Gas Chromatograph capable of molecular
level analysis of organic aerosols. The Autotitrator is
equipped with a magnetic stirrer and pH glass electrode
for acid/base titration. The TOC analyser is capable of
measuring TOC content from 0.4 ppb to 30,000 ppm.
Calibration of the instrument is performed using Sucrose
as standard solution. In order to measure the aerosol
samples, filter disk of 1.9 cm diameter was placed in 60
ml glass jar and extracted with ultra-pure Milli-Q water
using an ultrasonic bath. The total extracts were then
filtrated with a disc filter (Millex-GV, 0.22 μm, Millipore)
followed by injection of dissolved OC in the extracts into
the analyzer. The sample was injected into a combustion
tube in the analyzer, which is filled with an oxidation
catalyst (fiber platinum on quartz) and heated to 720°C
to derive CO2 under a constant flow of ultra-pure air.
The combustion gases that passed through an electrical
dehumidifier for cooling and dehydration and then through
a halogen scrubber were measured by a non-dispersive

Aerosol Chemistry
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Size resolved chemical Composition, characterisation
of carbonaceous aerosols, complete picture on chemical
composition of aerosols & source identification, aerosol
sampling from geographically different locations and
computation of radiative impacts of aerosols with realistic
chemical composition.
Atmospheric Trace gases
Evolution of 3D distribution of trace gases over Indian
region, chemical Transport Modelling, gas sampling from
geographically distinct locations, computation of radiative
impacts of trace gases and design of satellite payload for
trace gases (O3, NO2, CH4, CO2, CO).
Surface-lower atmosphere coupling processes and
energetics
Quantitative assessment of temporal variations of turbulent
fluxes of CO2, CH4, H2O, etc. over Trivandrum and intercomparison with reanalysis and satellite derived products,
assessment of the role of boundary layer in pollution
transport and dispersion and effect of trace gases and
aerosols on surface energy budget and land-atmosphere
coupling processes.

1. Girach, I. A., and P. R. Nair, Carbon monoxide over Indian region as observed by MOPITT, Atmospheric
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ARFI - Aerosol Radiative Forcing Over India
ICARB - Integrated Campaign for Aerosols, gases And Radiation Budget
RAWEX - Regional Aerosol Warming Experiment

A&RF activities of SPL showcase the evolution of a modest research
theme into a national endeavour with a unique national and international
identity through ARFI, ICARB and RAWEX projects of ISRO-GBP. ARFI
aims at evolving accurate regional aerosol characterization, using the
network of observatories (ARFINET), incorporating the heterogeneities
in space, time and spectral domains for periodic and accurate estimates
of Aerosol Radiative Forcing over India to assess its impacts on
regional and global climate. ICARB addresses specific problems
related to Aerosol Radiative Forcing by multi-platform thematic field
experiments. RAWEX aims at the quantification of radiative forcing due
to aerosol induced atmospheric warming, synergizing the observations
with models. In view of the global implications of the processes
being addressed by ARFI, ICARB and RAWEX, the programme also
encompasses the Polar Regions (Antarctic and Arctic) as well as the
Himalayan regions, including glaciers.
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Optical properties and CCN activity of aerosols:
Results from RAWEX-GVAX joint experiment
The dependence of aerosol optical properties and cloud
condensation nuclei (CCN) activity under varying
meteorological conditions at the Himalayan site (Nainital,
~2 km amsl) were examined using nearly year-round
measurements (June 2011 to March 2012) at the Atmospheric
Radiation Measurement (ARM) mobile facility as part of
the Regional Aerosol Warming Experiment–Ganges Valley
Aerosol Experiment (RAWEX-GVAX) of the Indian
Space Research Organization and the U.S. Department of
Energy. The results from collocated measurements depict
enhanced aerosol scattering and absorption coefficients,
CCN concentrations and total condensation nuclei (CN)
concentrations during the dry autumn and winter months.
Fig.1 shows the monthly variations in the CCN number
concentrations and their activation ratios (AR = CCN/
CN) at two distinct supersaturation (SS ~ 0.16 and 0.46).
A remarkable change in the CCN concentrations and
the respective ARs were seen at higher SS (0.46), with
increased CCN concentrations in autumn (highest in
November) and winter.
With respect to all of the SS levels, the CCN concentrations
showed (Fig.2a) sharp increase by an order of magnitude
during autumn (from 247 to 2473 cm-3) and winter (from
131 to 2690 cm-3) as the SS changed from 0.1 to 0.7.
Similarly, the fractional contribution of CCN (i.e., AR in
Fig.2b) during dry autumn and winter is higher than that
in the wet monsoon, reaching a stage of near complete
activation at very high SS. In general, an increase in the
relative abundance of hygroscopic particles in a given
aerosol system increases the CCN formation ability.
However, insoluble matter can also affect the activation.
Similarly, a mixture of soluble substances and a partially
hygroscopic insoluble core can also lead to cloud droplet
formation. According to the Köhler theory, the SS of an
aqueous drop varies with the drop surface tension or size

Figure 1: Monthly variations of CN and CCN at two specific SS
(SS = 0.16 and SS = 0.46), along with the monthly mean values
of the CCN activation ratio (AR) at SS = 0.46 [Gogoi et al., J.
Geophys. Res., 2015]

and the solute concentration or chemical composition.
As SS increases, the CCN concentration also increases
because a higher SS leads to the activation of smaller and
less hygroscopic or insoluble particles under particular
conditions. Thus, the high CCN concentration and nearunity AR (Fig.1) above a 0.5% supersaturation during
autumn and winter are indicative of the CCN activation
of most of the smaller particles. In contrast, the AR

Figure 2: Variation of monthly mean (a) CCN concentration, and (b) activation ratio (AR) with respect to mean SS (in each setting)
in monsoon (JJA, June-August), autumn (SON, September-November), and winter (DJF, December-Feb). Vertical bars represent
standard deviation [Gogoi et al., J. Geophys. Res., 2015]
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Figure 3: Monthly variation of correlation coefficients (R2) of
CCN concentrations (at SS = 0.35) with Jsca (top panel) and Jabs
(bottom panel) for both size regimes of < 10 µm (red star) and
< 1 µm (black star), along with coarse-mode aerosol fraction
(CMF; size > 1 µm) to total scattering at 550 nm (green dotted
line in left panel). The monthly mean AR is shown by the blue
lines with respect to right-Y axis in both the panels [Gogoi et al.,
J. Geophys. Res., 2015]

for the monsoon period nearly levels off at 0.6-0.7 for
a supersaturation >0.5%, suggesting that a significant
fraction of CN remain un-activated, probably because they
are far less hygroscopic, or even hydrophobic, in nature.

A strong correlation between the CCN and σabs for the finemode regime exists in November, when the AR is highest.
Although the correlation of the CCN concentrations with
scattering aerosols (σsca) is also high in November, the
seasonal variation in the aerosol single scattering albedo
(SSA) indicated a relatively higher fraction of absorbing
aerosols during autumn (low SSA < 0.8). The relationships
between the aerosol SSA and the AR thus indicate that,
despite the relatively higher dominance of the absorbing
fraction of aerosols (SSA < 0.8), higher CCN activation
ratios prevail in autumn and winter than when the scattering
fraction of aerosols dominate (SSA > 0.85). The abundant
biomass burning aerosols (as indicated by the higher
values of Ångström wavelength exponent, αabs > 1.8)
might be activated as CCN under favorable meteorological
conditions during autumn and winter. A scatter plot of the
simultaneous datasets of the CCN concentration and σabs of
submicron aerosols (< 1 µm) (Fig.4) lends further support
to this concept, with the highest correlation observed in
autumn (R2 = 0.93).
Several earlier investigators have also reported that
because of their larger sizes and possible coating of
organic compounds, biomass-burning aerosols are more
likely to act as CCN than the finer BC particles from urban
activities that involve fossil fuel combustion. Aerosols
from biomass burning act as CCN because they are

Figure 4: Scatter plot of CCN concentration (for SS = 0.46) against each set of absorption coefficients at 530 nm (for <1 µm particle
size regime) at different seasons [Gogoi et al., J. Geophys. Res., 2015]
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The above findings are generally consistent with
the observed optical properties of aerosols and their
associations with distinct sources and transport processes
in different seasons. This is examined in Fig.3 in terms
of the monthly variation of the correlation coefficients of
the CCN concentrations with the simultaneous values of
scattering (σsca) and absorption (σabs) coefficients for the
size regimes < 10 µm (open cyan circle) and < 1 µm (filled
green circle).

primarily composed of organics. However, some of the
CCN activity of biomass-burning aerosols may actually be
due to co-resident inorganic constituents. Although nascent
BC aerosols are too small and insufficiently hydrophilic
to contribute directly to CCN production, they eventually
act as CCN after aging when they mix with soluble
components (through condensation and coagulation) and
undergo photochemical oxidation in the atmosphere. All
of the above factors appear to explain the high AR (Fig.1)
during the dry autumn and winter at the high-altitude
station of Nainital, which remains mostly above the
planetary boundary layer during these months. Because the
sources of absorbing aerosols at Nainital mostly originated
at distant locations, the aerosols would age and would
likely mix with other organic and/or inorganic materials
that originate from biomass burning and with aged freetropospheric aerosols; the mixture would thus be amenable
for more efficient activation.

Enhancement in Black Carbon radiative
forcing due to multiple scattering
Historically, species-specific aerosol radiative forcing
(ARF) estimations have been carried out for a single
component, hypothetical aerosol system. During the
recent years, single component aerosol models have
been evolved to multi-component aerosol system having
complex interactions with climate system. However, the
conventional single component approach is still being used
for assessing the speciated ARF, without considering the
implications of neighbouring aerosols on radiation field.
In this context, it is highly relevant to understand the
effect of multiple scattering due to neighbouring aerosols
in an external mixture on speciated ARF (aerosol-aerosol
coupling).
To examine this aspect, three simulations were carried out to
estimate the radiative forcing at the top of the atmosphere for
a particular aerosol species ‘x’ of interest; (i) ARF due to the
aerosol species ‘x’, as if it is present alone in the atmosphere
(ARFx), (ii) ARF due to the total composite aerosols (ARFAER),
and (iii) ARF due to the composite aerosols without the species
‘x’ (ARFAER-x). The difference between the experiment (ii) and
(iii) gives the effective forcing (ARFeff x), due to the particular
aerosol species under consideration. The major difference
between the ARFx and ARFeff x stems from the fact that the
former is valid only for a hypothetical case where radiative
interactions of other aerosol species do not contribute to
the radiative forcing of the species (x), whereas the latter
includes the multiple scattering contribution (ARFcoupling)
from the neighbouring aerosol species to the speciated
aerosol radiative forcing. Several studies have overlooked or
ignored the aerosol–aerosol radiative coupling (ARFcoupling)
and considered only a hypothetical case where single aerosol
species only exist in the atmosphere.
Radiative transfer calculations were carried out using

30

Figure 5: Speciated aerosol radiative forcings (ARFeffx and ARFx)
at the top of the atmosphere estimated for the aerosol model
derived from the ICARB measurements over Bay of Bengal
during spring 2006 [Nair et al., J. Quantitative Spectroscopy &
Rad. Transfer, 2014]

the aerosol model developed based on the observations
carried during the Integrated Campaign for Aerosols,
gases and Radiation Budget (ICARB). ARF at TOA for
individual aerosol components are shown in Fig.5. In the
case of Black Carbon (BC), ARFeff BC increased by 139%
from the value when a hypothetical BC alone atmosphere
was considered (ARFBC). This increase is attributed to the
amplification of BC absorption due to multiple scattering
by the neighbouring aerosol species. The above effects
of multiple scattering differ significantly from species to
species in an external mixture, which further suggests that
single scattering albedo and phase function of aerosols
play a significant role in determining the ARFcoupling.
Sensitivity analysis revealed that, the ARFcoupling over
ocean and land increases with composite aerosol loading
(τAER > 0.3) as shown in Fig.6. Interestingly, ARFcoupling is

Figure 6: The difference between the ARFeff BC to ARFBC (ARFcoupling)
as a function of total aerosol optical depth for different surface
albedos [Nair et al., J. Quantitative Spectroscopy & Rad.
Transfer, 2014]

To illustrate the complex dependence of ARFcoupling on total
aerosol loading, composition and surface albedo and its
implications on the spatial variability of ARF, ARFeff BC and
ARFBC over the eastern Atlantic Ocean and northern Indian
Ocean, which lay in the downwind of continental outflow
of anthropogenic/biomass and dust aerosols, are shown
in Figure 7. Basic aerosol inputs to the radiative transfer
model are (i) AODs taken from MODIS measurements and
(ii) single scattering albedo and phase functions estimated
using Mie theory for the fractional contribution of each
aerosol species to the total AOD simulated by GOCART
model. Interestingly, the ratio of ARFeff BC to ARFBC
remained always greater than 1.5 over most of the Atlantic
and Bay of Bengal. It is also seen that the contribution
of multiple scattering can be as high as 2 to 3 times of
ARFBC over regions close to the continental outflows. This

study shows that the scattering coupling between BC and
other aerosol species is significant with the magnitude
of ARFcoupling being 50% to 200% of ARFBC. This result
has very significant implications on the accuracy of
the projected speciated ARF and total climate forcing
estimated using climate models, which consider aerosols
as mostly externally mixed.

New particle formation
Trivandrum and Hanle

studies

from

Formation of ultra-fine particles and their subsequent
growth have been examined during new particle formation
(NPF) events at two contrasting environments under
varying ambient conditions, one for a tropical semi-urban
coastal station, Trivandrum (8.5°N,77°E, 3 m amsl); and
the other for a high altitude free-tropospheric Himalayan
location, Hanle (32.78°N, 78.96°E; 4520 m amsl). Two
cases of NPF and growth that occurred during the summer
monsoon season - the first case from Trivandrum is a
‘late evening/ nighttime’ NPF event, that occurred during
4-5 June 2009. The second case from Hanle is a daytime
NPF event that occurred during 10-12 August 2010.
These are taken as illustration of the variety of aerosol
formation and transformation processes as well as the
role of meteorological and mesoscale circulation on this
processes.
The first case at Trivandrum comprised of two conspicuous
nucleation and growth events. Time evaluation of aerosol
number size distribution (dN/dlnDp) during the events
is shown in Fig.8a, while Fig.8b displays the temporal
variation of the number concentrations; the total number

Figure 7: The top of the atmosphere radiative forcing due to black carbon (ARFeff BC) is estimated over eastern Atlantic and northern
Indian ocean (top panel). The ratio of ARFeff BC to ARFBC over eastern Atlantic and northern Indian Ocean (bottom panel) [Nair et al.,
J. Quantitative Spectroscopy & Rad. Transfer, 2014]
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higher over darker surfaces; being highest over ocean and
least over snow. For a hypothetical BC alone atmosphere,
the magnitude of surface reaching solar radiation and
its reflected fluxes are high over snow and land surfaces
due to very low aerosol optical depth depths of BC and
high surface reflection, which enhances the radiation
availability in the atmosphere and thus amplify the ARFBC
and hence decrease the ARFcoupling. In contrast, since
aerosol multiple scattering is the main processes which
enhances the available radiation in the atmosphere over
the ocean surface, ARFcoupling is significantly high over the
dark surfaces. The non-linear increase in ARFeff BC with
total AOD over ocean raises a serious concern about the
usefulness of radiative forcing efficiency as a metric to
convert AOD to radiative forcing independent of aerosol
loading.

Figure 8: Time evaluation of aerosol number size distribution (dN/dlnDp) during the events for (a) Trivandrum and (c) Hanle. The
temporal variation of the number concentrations; the total number concentration (Nt ), the number concentration of the nucleation
mode (Nnuc) (particle diameter Dp< 25 nm), the Aitken mode (Nait) (25 nm <Dp<100 nm), and the accumulation mode (Nacc) (Dp> 100
nm) particles are also shown for (b) Trivandrum, and (d) Hanle during the NPF events [Kompalli et al., Ann. Geophys. 2014]

concentration (Nt), the number concentration of the
nucleation mode (Nnuc) (particle diameter Dp< 25 nm),
the Aitken mode (Nait) (25 nm <Dp<100 nm), and the
accumulation mode (Nacc) (Dp> 100 nm) particles. First
nucleation burst was seen from 16:00 to 19:00 hrs on 04
June 2009 which started at ~16:30 peaked at ~18:00, and
then gradually subsided.
The second event occurred during 00:00 to 03:00 hrs on
5 June 2009 and was a totally night-time event. During
the subsequent 2-3 hour period of the first burst, particle
growth from the nucleation mode to larger sizes is clearly
revealed. As seen from Fig.8b, during the nucleation burst,
total number concentrations (Nt) showed a ~ 5 fold increase
which resulted mainly due to the large increase in Nnuc
(which increased almost 20 times compared to prior event
values) as seen by the curve (marked N1) in Fig.8b. This
event lasted for approximately 2 hrs (centered ~18:00 hrs
LT) and it was followed by another burst that was centered
at ~01:00 hrs that lasted for approximately two hours. It
was a weaker and shorter-lived event (compared to the first
burst) during which the nucleation number concentration
increased significantly (marked as N2 in Fig.8b. Peaks in
the Aitken (A1 and A2) and accumulation (AC1 and AC2)
regimes occurred later for both the events with their
concentrations increasing manifolds with the nucleation
number concentration falling to less than 1/10th of its peak
value, indicating that most of the ultrafine particles grew

32

to larger sizes. During such dynamical state, the growth
rate (GR) was estimated from the time evolution of the
mode diameter (Dm) for the size distribution, assuming a
log-normal distribution. The estimated GR values were 15
nm h-1 in the nucleation regime, ~15-50 nm h-1 in the Aitken
regime, and apparent GR values were > 75 nm h-1 in the
accumulation size regime suggesting continuous evolution
throughout the size spectrum due to condensation and
coagulation processes. This NPF event at Trivandrum
resembled an urban type NPF, with nucleation likely
occurring from the mechanism that involved precursors
advected from the urban area and aided by mesoscale landsea breeze circulation prevailing at this location.
In contrast, the daytime nucleation burst at Hanle indicated
photochemistry as the possible mechanism for NPF. The
temporal variation of the aerosol number size distribution
(dN/dlnDp) during the case at Hanle is shown in Fig. 8(c)
(Top-right) and Fig. 8(d) (Bottom-right) provides the aerosol
number concentrations (Nt, Nnuc, Nait and Nacc) in different
size regimes as a function of time during the episode. The
number size distribution depicted the bimodal nature, with
the presence of a well-developed accumulation mode that
almost remained invariant during 10-11th August 2010. A
‘hot spot’ indicating the nucleation burst (an increase in
the concentration of nucleation mode particles followed
by growth) occurred in the morning hours of 10th August
2010, and persisted for a period of approximately 2-3

Aerosol mass size distributions over high
altitude Himalayan site: Hanle
The information on the mass size distribution from
extremely remote locations assumes significance as they
provide details about the background natural conditions far
less impacted by anthropogenic activities. The total mass
concentration and mass-size distribution of the near surface
aerosols carried out (during 6-21st August 2012) from
high altitude remote location-Hanle in the western TransHimalayas have been used to characterize the composite
aerosols. The time series of total (MTotal), accumulation
(Macc) and coarse (Mcoar) mode aerosol mass concentrations
during the measurement period are shown in Fig.9a. As
expected for a high-altitude remote site, MTotal remained

very low; varying between 0.42 ± 0.36 to 1.08 ± 0.85 µg
m-3 with mean (± standard deviation) of 0.76 (± 0.61) µg
m-3. Interestingly the coarse mode aerosols contributed to
almost 72 ± 6% of the total aerosol mass loading; unlike
over most of the Indian plains plateaus where > 50% of the
total mass comes from the accumulation regime, and also
the accumulation mass concentration showed very little
day to day variations, implying them to be representative
of the background values. The values of MTotal and black
carbon mass concentration (MBC) and BC mass fraction
over Hanle compared with other remote locations (Indian
Antarctic station and Nepal Climate Observatory PyramidNCOP) are tabulated in table-1.
The mass-size distribution (MSD) showed 3 modes, a
fine particle mode (~ 0.2 µm), an accumulation mode at
~0.5 µm, and a coarse mode at ~3 µm. The mean diurnal
variation of the aerosol mass concentration is shown in
Fig.9b, which revealed that overall mass concentration
is dominated by coarse mode aerosols throughout the
day, but their concentration peaked around late afternoon
(~1500 hrs) due to increased wind speeds and dryness in
late afternoon hours. It is well known that the Aeolian
process of deflation, i.e., the power of wind to erode surface
particles, is basically controlled by (a) wind velocity and
(b) surface roughness and the re-suspension of the surface
particles due to wind shear increases exponentially with
increases in wind velocity. Particle grains start to mobilize
and entrained by the wind once the fluid forces, like drag
and lift, exceed the effect of the particle weight in loosely
bound dry soil surfaces.
On the evening of 8-August 2012 between 1800-1830 hrs
local time, a dust storm passed across the observation site,
accompanied by strong winds. The photographs in Fig.10
show the experimental site (a) during normal evenings (b)
during the time of the episode and (c) the Quartz Crystal
Microbalance (QCM) instrument sitting outside in the
storm. Time series of the mass concentrations MTotal, Macc,

Figure 9: (a) Time series of daily mean of aerosol mass concentrations (total, coarse and accumulation sizes). (b) Mean diurnal
variation of aerosol mass size distribution (between 0900- 1700 hrs) during the whole study period [Kompalli et al., Aeolian Research,
2014]
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hours until local noon (~12:00 LT). The nucleation mode
gradually grew to Aitken mode, while the accumulation
mode remained at approximately the same level until
close to midnight, likely representing the aged background
distribution at this pristine location. During the nucleation
period the Nt and Nnuc values increased many folds. The
estimated particle growth rate from the nucleation to the
Aitken mode was in the range of ~ 0.1 to 10 nm h-1. The
formation of ultrafine particles a few hours following
sunrise is evidence of nucleation resulting from the
photochemistry of precursor gases (due to the availability
of UV at this high altitude location), also supported by
the thermal wind circulation bringing precursor gases to
the mountain top from the valley region. The significantly
different growth rates between Trivandrum and Hanle
could be attributed to the differences in the abundance
of precursor concentrations between semi-urban coastal
and high altitude near-pristine environments. It appears
that, since particle growth can occur via condensation or
coagulation, both of which are particle size dependent
processes, varying growth rates were observed in different
size regimes in both the environments.

Figure 10: The experimental site during (a) normal day (b) dust episode and (c) QCM instrument sampling through dust episode (Left
panels), (d) Time series of Mass concentrations between 7-9 August 2012. Shaded portion indicates the period of the dust episode, (e)
Mass-size distribution on normal days and during dust episode. The dotted lines indicate the difference between the normal and dust
episode MSD [Kompalli et al., Aeolian Research, 2014]

Mcoar for the period 7-9 August, 2012 is shown in Fig.10
(top-right panel), in which grey-shaded portion highlights
the dust episode. On the day of event, the mean MTotal prior
to the event was benign (~ 0.86 ± 0.6 µg m-3) which shot
up to ~ 13.5 µg m-3(with coarse mode contributing ~ 90%
to total mass loading) and mean MTotal during the episode
being ~ 8.97± 3.9 µg m-3. The bottom-right panel of the
Fig.10 shows the consequent change in the MSD, from
its normal-day patterns. The normal MSDs exhibited 3
modes, whereas the MSD during episode consisted of a
broad mode in coarse size regime (mode diameter of 0.95
± 0.08 µm with a width of 2.32, in lognormal distribution).
The following day (9-August) appeared to have no residue
of the previous day’s dust event as the mass concentration
values and MSD remained close to the normal values.
Examination of the meteorological conditions revealed
that strong winds, drier conditions and higher temperatures
prevailed on the day of dust episode. The event appeared
to be highly localized, which occurred mainly due to the

prevailing high air temperatures, heavy winds aided by the
uneven topography and negligible surface cover resulting
in increased local turbulence and the connection between
Aeolian and fluvial processes.

Aerosol Black Carbon over distinct environment: Results from ARFINET
Characterization of aerosol black carbon (BC) over distinct
geographic locations of the globe is essential owing to
their distinct source processes and varying influence
on radiation absorption based on the surface or cloud
characteristics beneath. Over the highly diversified Indian
region, temporal nature and the magnitude of BC mass
concentrations in short and long time-scales show distinct
variability, the quantification of which are very important
for their accurate regional characterization of radiative
implications as well as evaluation and validation of climate
models for future understanding. Following this, the BC

Table-1: The values of total (MT), Black Carbon (BC) (MBC) mass concentrations and BC mass fraction over Hanle during August 2012
compared with other remote locations
Location

MTotal (µg m-3)

MBC (ng m-3 )

Fraction of BC

Hanle (32.78°N, 78.92°E)

0.76 ± 0.61

17 ± 10

2.11 ± 1.49 %

Maitri (71°S, 11°E)

8.25 ± 2.87

75

2%

Larsemann Hills/ Antarctica (69°S, 76°E)

6.03 ± 1.33

13

0.2%

NCO-P (27.95° N, 86.82° E)

1.1 ± 2.7

160 ± 296

~10%
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Figure 11: The geographic positions of Ooty, Kolkata and
Agartala are shown in the topographical map

characteristics studied over three ARFINET stations (Ooty,
Kolkata and Agartala, Fig.11) are summarized below.
Over the high altitude location Ooty in the Nilgiris

BC in ng/ m3
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Figure 13: Annual change of the mean diurnal variation of BC
concentration (top panel) and annual variations of monthly mean
BC concentration (bottom panel) over Kolkata [Talukdar et al.,
Atmos. Res., 2015]

Mountain range in southern India, BC mass concentrations
showed (Fig.12) systematic seasonality with higher values
(~0.96 ±0.35 µg m-3) in spring (March to May), attributed to
increased vertical transport of effluents in the upwind valley
regions, which might have been trapped to the surrounding
valley regions within the very shallow winter boundary
layer. The influence of local atmospheric boundary layer
(ABL) during spring was further modulated by the longrange transported aerosols from the eastern locations of
Ooty. During monsoon (June–August), the concentrations
were far reduced (~0.23 ± 0.06 µg m-3) due to intense
precipitation. Diurnal variations were found conspicuous
mainly during summer season associated with local ABL.
The spectral absorption coefficients depicted, in general,
flatter distribution, suggesting the relative dominance of
fossil fuel combustion.

Figure 12: Diurnal variation (local time in hours along the y axis)
of BC at different months (top panel) and temporal variations of
monthly mean BC (bottom panel) over Ooty. The solid circles are
the monthly means and whiskers show the standard deviations
(bottom panel). The boxes represent occurrences of 25 percentile
(lower line), median (middle) and 75 percentile (top line) BC
values [Udayasoorian et al., Ann. Geophys., 2014]

SPL Annual Report: 2014-15

Near surface BC concentration in the metropolitan
city, Kolkata, located near the land–ocean boundary in
Eastern India showed (Fig.13) prominent seasonal and
diurnal variation associated with the synoptic changes in
meteorological parameters. The mean BC concentration
varied seasonally from 5 µg m-3 to 27 µg m-3. The BC
mass concentration is significantly influenced by the
temperature inversion near the ground. A major fraction of
the total amount of BC concentration results from fossil
fuel burning in the region.
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(2.8 ± 1.7 µg m-3). Even this lowest seasonal mean is rather
high, given the rural nature of Tripura. Examination of
the spectral dependence of aerosol absorption coefficients
indicates that the main source of aerosol to total BC burden
at Agartala is the fossil fuel combustions. Concentration
weighted trajectory (CWT) analysis indicated that the
characteristic high BC during winter is mostly associated
with the advection from the Indo-Gangetic Plains (IGP),
while the air mass pattern is constricted to the oceanic
region during monsoon making BC aloft due to local
pollution only.
The above studies thus suggest that the atmospheric
boundary layer play a major role in the seasonality in BC
concentrations over Indian subcontinent. The spring time
enhancement in BC at Ooty resembles to those reported
for other high altitude locations (Hanle, Nainital) over
Himalayas. On the other hand, the influence of outflow
from the highly polluted IGP is clearly seen in the winter
time enhancement of BC mass concentrations over Kolkata
and Agartala.

Figure 14: Diurnal variation of seasonal mean values of BC mass
concentrations (upper panel) and temporal variation of monthly
mean BC mass concentrations and rainfall (lower panel) over
Agartala [Anirban et al., Aerosol Air Quality Res., 2015]

BC over the rural continental site, Agartala, located in the
North-Eastern part of India showed (Fig.14) extremely high
BC concentration (17.8 ± 9.2 µg m-3) during winter season,
comparable to those seen in urban environments of India,
dropping off to much lower values during the monsoon

Contribution of local sources of black carbon:
WRF Chem approach
To understand whether surface level black carbon (BC)
mass concentration can also be related directly to the
local BC emissions in different regions of South Asia,
we analyze the contribution of regional transport by
investigating the spatial distributions of surface BC emitted
from anthropogenic sources located in north, west, east
and south India, Burma and other regions averaged over
18 March - 11 May 2006 at the surface using the Weather
Research Forecasting-Chemistry (WRF-Chem) model

Figure 15: Spatial distributions of anthropogenic black carbon emitted from North, West, East and South India, Burma, and other
regions during the ICARB period. White solid lines mark the geographical boundaries of different regions [Kumar et al., Atmos. Chem.
Phys., 2015]
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Figure 16: Percent contributions of residential, industrial,
transport and power generation sectors to the total surface
anthropogenic BC mass concentrations in north, west, east and
south India [Kumar et al., Atmos. Chem. Phys., 2015]

simulations (Fig.15). Anthropogenic sources in northern
India contribute significantly (more than 100 ng m−3) to
the surface anthropogenic BC loadings in western and
eastern parts of India, Burma and the Bay of Bengal, and
slightly influence parts of the Arabian Sea along western
Indian coastline. Northern Indian sources also contribute
up to 50 ng m−3 in the Himalayan–Tibetan plateau region,
but this contribution is smaller than that from other regions
(50–200 ng m−3).
BC emitted by anthropogenic sources in western India
contributes significantly to eastern and southern parts
of India but the influence (> 50 ng m−3) also reaches
to the Indian Ocean along western Indian coastline.
Anthropogenic sources in east India significantly affect
BC loadings in Burma, Bay of Bengal and south India.
South Indian anthropogenic sources affect both the Bay of
Bengal and the Arabian Sea.
Local sources account for about 90% of the anthropogenic
BC loading in north and south India, but regional
sources contribute up to 30% in west and 21% in east
India. To examine whether regional transport affects
the relation between local emissions and surface BC
mass concentrations, we compare the contributions
of anthropogenic and biomass burning emissions to
the total BC emissions as well as to the surface BC
mass concentrations in different regions of South Asia.
Anthropogenic emissions contribute 93, 95, 69, and 90%,
to the total surface BC mass concentrations in north, west,
east and south India respectively. Similarly, the biomass
burning contribute about 4%, 3%, 30%, and 8% of the total
surface BC mass concentrations in north, west, east and
south India, respectively. The sources located outside the
model domain are the remaining contribution (less than
3 %) in these regions. These results show that surface
BC concentrations cannot be inferred directly from the
emission inventories in different regions of South Asia.
SPL Annual Report: 2014-15

Increasing Arabian dust activity and the
Indian summer monsoon
Over the past decade, aerosol optical depth (AOD)
observations based on satellite and ground measurements
have shown a significant increase over Arabia and the
Arabian Sea, attributed to an intensification of regional
dust activity. Recent studies have also suggested that
west Asian dust forcing could induce a positive response
of Indian monsoon precipitations on a weekly timescale.
Using observations and a regional climate model including
interactive slab-ocean and dust aerosol schemes, the
present study investigates possible climatic links between
the increasing summer monsoon (JJAS) Arabian dust
activity and precipitation trends over southern India
during the 2000–2009 decade. Meteorological reanalysis
and AOD observations suggest that the observed decadal
increase of dust activity and a simultaneous intensification
of summer precipitation trend over southern India are
both linked to a deepening of JJAS surface pressure
conditions over the Arabian Sea. We analyze the mean
climate response to dust radiative forcing over the domain,
considering the relative role of Arabian vs. Indo-Pakistani
dust regions. In this study, we show that the model skills
in reproducing regional dynamical patterns and southern
Indian precipitation trends are significantly improved only
when an increasing dust emission trend is imposed on the
basis of observations.
Regional climate adjustments to dust radiative forcing
are first discussed by comparing “dust” and “nodust”
simulations for JJAS 2000–2009. Figure 17(a) shows 850
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We further examine the contributions of residential,
industrial, transport and power generation sectors to
total anthropogenic emissions as well as to the surface
anthropogenic BC mass concentrations in north, west,
east and south India and in Burma as shown in Fig.16. It
is interesting to note that the contribution of BC emissions
from different sectors to the total anthropogenic BC
emissions as well as to the surface anthropogenic BC
mass concentration are very similar in north, west, east
and south India. This is likely because of the fact that
these geographical regions do not differ significantly
in terms of the relative contribution of different sectors
to total anthropogenic BC emissions, and these relative
contributions are maintained during transport of BC
from one region to the other. These results show that
it is important to account for the contribution of longrange transport while relating surface BC concentrations
to emissions, but the relationship between surface BC
concentrations and local emissions may be preserved if
emissions in the source region are weaker compared to
the receptor region and relative contributions of different
sectors to total emissions are similar in the source and
receptor regions.

TOA radiative forcing. On average, in our simulations
the combined contribution of Arabian and Indo-Pakistani
dust sources appears to have a dual signature resulting in
a strengthening of the Somali Jet, moisture convergence
and precipitation over southern India while inhibiting
convective precipitation and decreasing monsoon intensity
north of about 20°N.
Using observations and a regional climate model, we
suggest that an increasing Arabian dust emission trends
could have impacted the Indian monsoon circulation and
contributed to the observed increasing 2000–2009 summer
precipitation over southern India. Dust radiative forcing
might, however, determine a positive dynamical feedback
favouring the establishment of lower-pressure conditions
over the Arabian Sea likely associated with both enhanced
Arabian dust emissions and precipitation over southern
India. We conclude that although inter-annual climate
variability might primarily determine the observed regional
pattern of increasing dust activity and precipitation during
the 2000–2009 decade, the associated dust radiative forcing
might in return induce a critical dynamical feedback
contributing to enhancing regional moisture convergence
and JJAS precipitations over southern India.
Figure 17: (a) Dust-induced anomalies on 850 hPa geopotential
heights (GPH) and monsoon circulation, (b) Dust-induced
precipitation anomaly

hpa circulation and geopotential height (GPH) anomalies
induced by dust direct and semi-direct effects over the
domain. Two patterns emerge from this comparison:
the first one is a low GPH anomaly centered over the
southern Arabian Peninsula associated with a cyclonic
circulation and the second one a positive GPH anomaly
roughly centered over northeastern India associated
with an anticyclonic anomaly. Regions of large positive
or negative values in 850 hpa GPH difference patterns
tend to match closely the regional TOA radiative forcing
patterns. Over Arabia, dust radiative warming is maximum
due to high concentrations of dust while dust surface
cooling efficiency is relatively reduced due to high surface
albedo. This induces a deepening of the Arabian thermal
low and dry convection collocated with the maximum of
dust radiative warming. On its southern part, the cyclonic
circulation anomaly is associated with an intensification
of the Somalia jet and eastward circulation between 10°
N and 20° N and 50° E and 75° E. This intensification
induces an enhanced convergence of moisture flux toward
southern India and an increase of convective activity and
precipitations over the southern Indian continent. From
these simulations we estimate that this mechanism could
enhance average precipitation by up to 10% in southern
India, thus contributing to the improvement of the model
dry bias. This is consistent with a negative simulated
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ARFI Network Activities
The national network of aerosol observatories (ARFINET),
the biggest such network in Asia, is the backbone of the
Aerosols & Radiative Forcing projects of SPL under ISRO
GBP.During the current period, this network continued
to provide the primary data for long-term applications.
During the reporting period, stations at Challakere, Agra
and Agartala are augmented with MWR and other stations
had been strengthened with the manpower training and
facility up gradation for continuous operation, data archival
and processing.

New Initiatives
Aerosol-Cloud Interaction
With a view to elucidating the role of aerosols as cloud
condensation nuclei (CCN) and their impact on regional
cloudiness, the study of CCN is initiated. As part of
this, extensive measurements of particle number size
distributions over a wide size range (10-15000 nm), cloud
condensation nuclei (CCN) concentrations, aerosol spectral
scattering coefficients and mass size distribution had been
carried out from the high altitude forested ARFINET station
Ooty for a period of 45 days during April-May 2015. The
experimental site Ooty and the set up of instruments inside
the laboratory is shown in Fig.18. The data analysis is in
progress. In the coming years, simultaneous observation of
aerosol chemical, physical and optical properties with CCN
at different high altitude sites such as Ponmudi, Shillong,
Hanle, Kullu, Nainital etc. will be conducted.

ARF
Figure 18: Experimental location (left) and set up of instruments (right) at Ooty

Aerosol-Cryosphere-Radiation
Himalayas

Interaction

over

Light absorbing aerosols (such as BC and dust) show
strongest radiative forcing over the highly reflecting
surface such as glaciated terrain of Himalayas, and
produce warming within the aerosol layer and the
atmospheric region above the snow/glacier surface due
to multiple aerosol-radiation interaction. The southern
slopes of Himalayas receives direct radiation from the
sun and is directly exposed to the emissions from densely
populated south Asian region including the Indo-Gangetic
plains, while it experiences long-range transport of dust
and carbonaceous aerosols from the Indian, West Asian
and African deserts and south-eastern Europe. This makes

Aerosol-Cryosphere-Radiation interactions all the more
important over this region. Nevertheless, observational
data on the physical and optical properties of Himalayan
aerosols, as well as quantitative estimates of these aerosols
in the snow-pack and glaciers are very limited.
In this context, an initial effort has been made to understand the
snow albedo forcing, synergising the few scouting experiments
to Himalayan glaciers and extensive measurements of
atmospheric BC from Himalayan station Hanle. Based on the
experience gained from the pilot study and the ravelling of
important scientific outcomes from the first time analysis of
glacier data, campaign mode observations as well as setting
up of high altitude observatories are planned for aerosols and
snow/glacier related measurements.
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NAM

N UMERICAL A TMOSPHERE M ODELLING

Numerical Atmosphere Modelling (NAM) branch focuses on
understanding various atmospheric and physical processes pertaining to
the weather and climate of the planet Earth through numerical modelling
and supporting observations. Different weather models in the mesoscale,
regional and global scales, together with ground-based and space-based
observations are extensively used as primary research tools for addressing
some of the important issues pertaining to the prediction and analysis
of the weather and climate system. The research and development
activities of this branch focus on: (i) location specific short-range
weather predictions in support of ISRO’s PSLV and GSLV missions;
(ii) development and refinement of different parametrization schemes
of physical and atmospheric processes; (iii) regional climate simulations
for investigation of different atmospheric dynamical processes over the
Indian Ocean and adjoining regions. A new study on the estimation of
CO2 fluxes over the Indian region with the aid of ground- and spacebased observations, together with atmospheric transport models has also
been initiated.

SPL Annual Report: 2014-15

Science Team
Radhika Ramachandran
Bala Subrahamanyam D
Sijikumar S
Uma K N

Research Associates /Fellows		
Anurose T J
Aneesh S
Nalini K
Freddy P Paul

43

Evolution of the “Numerical
Modelling” Activities

Atmospheric

The atmospheric modelling activities in SPL have a
heritage of more than two decades. SPL made a humble
beginning in this complex field in the early 1990s through
development of an in-house finite element two-dimensional
atmospheric boundary layer (ABL) model, which was
able to simulate the offshore and onshore structure of the
coastal ABL over Thumba, and the evolution of thermal
internal boundary layer (TIBL). In the late 1990s, SPL
ventured into the adoption, installation and utilisation of
a non-hydrostatic advanced regional prediction system
(ARPS) model for the Indian region, which had the
capability of prediction of severe weather events for a
mesoscale domain. The ARPS model was extensively used
in research mode for investigating the topography-induced
features over Thumba coast by introducing an artificial
bell-shaped mountain in the model topography. Having
attained sufficient experience in handling the mesoscale
atmospheric models, SPL further expanded its wings in the
field of regional and global atmospheric/climate modelling
through utilisation of various numerical atmospheric
models (e.g., HRM, COSMO, WRF, RegCM, to name a
few) for addressing some important aspects pertaining to
the prediction of weather and climate system of the planet
Earth. During the period of this report, the numerical
atmospheric modelling activities attained the status of a
new science branch within the SPL.

Short-range Weather Predictions in support
of the PSLV and GSLV missions
Advance knowledge on weather and its trends over a
spaceport is extremely crucial in efficient management
and planning of the launch operations. In this regard, a
reliable forecast on the severe weather events and their
impacts on the local weather over Sriharikota (SHAR,
ISRO’s spaceport) is of paramount importance to the
ISRO during its PSLV and GSLV missions. To cater
to the requirement for accurate and reliable shortrange weather predictions (winds, wind-shears and
thunderstorm activities) over SHAR during launch
operations, SPL made a modest beginning in 1999-2000,
using an Advanced Regional Prediction System (ARPS)
scheme using initial conditions through one-dimensional
vertical profiles of basic meteorological parameters
obtained through balloon-borne GPS sonde ascents from
SHAR. With a growing need for improving the reliability
on local weather information, including plausible impact
of cyclones forming over the Bay of Bengal, the SPL
extended these efforts by augmenting a new hydrostatic
atmospheric model, the High-resolution Regional Model
(HRM) over a larger domain centred at SHAR in 2002.
The ARPS model was commissioned in 2007-2008 for
prediction of thunderstorms at SHAR. In a pioneering
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effort the Doppler Weather Radar (DWR) derived
radial winds and reflectivity of SHAR was assimilated
in to ARPS thereby enabling an accurate prediction of
thunderstorms. With a view to addressing the weatherrelated information during launch campaigns, an InterCentre “Weather Forecast Expert Team” was constituted
by Satish Dhawan Space Centre, Sriharikota for each
of these missions. Since its first constitution during the
Chandrayaan-1 mission in 2008, SPL is serving as one
of the core members of this expert team and is providing
short-range weather predictions with the aid of HRM
simulations. One of the important mandates of this team
is to analyse Global, Meso-scale and Regional Numerical
Weather Prediction (NWP) model products and provide
a consolidated and decisive forecasts. Weather forecast
support was extended to all the PSLV and GSLV missions
of ISRO launched from Sriharikota (i.e., PSLV-C26,
PSLV-C27, PSLV-C28 and LVM3-X) with the aid of
COSMO model simulations. The model products are
fine-tuned to meet the requirement of the expert team
in addressing the launch-commit criteria of respective
missions.
Results from Model Derived Studies
Migration from the HRM to COSMO Model
With a consistent improvement and refinement in the
spatial grid-resolutions of the global atmospheric models
in conjunction with the advancement in computational
capabilities, the non-hydrostatic atmospheric models are
gradually replacing the hydrostatic models; as the former
can resolve the vertical convection, clouds and associated
precipitation in a better fashion. This year, short-range
weather predictions activities have migrated completely
from the hydrostatic HRM model to the COSMO
(Consortium for Small-scale Modelling), an advanced
version of the HRM model for routine operational and
research mode applications. The COSMO model offers
a non-hydrostatic approximation of the atmosphere and
is capable of resolving the vertical winds in prognostic
fashion whereas the HRM (being hydrostatic in nature)
was forced to treat the vertical winds in a diagnostic
manner.
Complete Automation
Simulations

of

the

COSMO

Model

A special emphasis was paid towards attaining complete
automation of the model runs in generation of +48
h forecast fields. A set of FORTRAN programs in
conjunction with the LINUX shell scripts and GrADS
graphical user interface scripts are ported successfully
on the parallel computing facility at SPL for achieving
complete automation in the model simulations; and
presently the model runs are carried out with least human
intervention.

Dynamics of the Tropical Tropopause: Observations
and Numerical Simulations

The COSMO model is assumed to be superior to its
counterpart HRM in simulation of deep convection and
associated precipitation events. For investigating the
performance of the parametrization of convection processes
in these models, the HRM and COSMO model simulations
were carried out during the active phase of summer
monsoon in June 2014 by providing identical initial and
lateral boundary conditions. Fig. 1(a-b) depicts one of the
typical comparison plots of the HRM and COSMO model
simulations of +24 h accumulated rainfall for the Indian
peninsula. The rainfall observations obtained from spacebased Kalpana-1 also indicated intermittent showers along
the western coast centred around 0915 and 1815 UTC,
whereas the inland stations were mostly dry The model
simulated rainfall is also compared with the concurrent
observations from a few automatic weather stations
located in this region, which indicated intermittent showers
resulting into an accumulated rainfall ranging from a few
mm in the southern part (Thiruvananthapuram) to a few
cm in some of the northern parts (Mangalore, Thrissur
and Cochin). The amount of accumulated rainfall differed
in the HRM and COSMO model simulations. The HRM
simulations had a tendency toward a wide-spread rainfall
over the western coastline, as the model does not permit
to resolve the small-scale vertical convection pertaining to
a smaller regions. On the other hand, the COSMO model
could discriminate the rainfall efficient regions with the
rainfall deficient regions. Such a difference is attributed to
the non-hydrostatic nature of the COSMO model, which
allows the simulation of vertical winds on a prognostic
basis, thereby permitting the convection and associated
precipitation in mesoscale domains.

The tropical tropopause plays a pivotal role in climate system
through radiative forcing by thin cirrus clouds, convective
anvils and regulation of the atmospheric constituents in
the stratosphere-troposphere exchange processes. The
upper-air meteorological data obtained from balloon-borne
GPS sondes during the Tropical Tropopause Dynamics
(TTD) field experiment shows disturbance in the upper
troposphere/lower stratosphere temperature and wind.
In order to understand the spatio-temporal structure and
dynamics of the observed features, numerical modelling
is highly essential along with experimental observations.
Analysis of simulations with the Weather Research and
Forecasting (WRF) model show that the model can well
reproduce features observed in the upper troposphere.
The horizontal structure and propagation characteristics
of the disturbance (which could not be discerned from the
observation) also could be derived from model simulations.
This analysis demonstrated the capability of the model
to delineate features in the upper troposphere and throw
more light into the actual mechanism responsible for these
observed periodic disturbances.

Figure 1: +24 h simulation of accumulated rainfall through (a)
HRM (hydrostatic, left panel), and (b) COSMO (non-hydrostatic,
right panel) on 23 June 2014. Both the simulations are initialized
with the initial conditions of global GME model corresponding to
22 June 2014 (00 UTC)
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Results from observational studies
Mixed Rossby Gravity Waves at the Central Equatorial
Indian Ocean
Tropical intraseasonal oscillation is highly relevant
for regional weather and climate. The Madden–Julian
Oscillation (MJO) with periodicity in the range of 3060 days, is a dominant mode of intraseasonal variability
in the equatorial tropics. A realistic representation of the
MJO is important for climate modeling and numerical
weather prediction. The least understood aspect of MJO
is its initiation process. To study MJO initiation process,
an organized field campaign was conducted under the
Mirai Indian Ocean Cruise for the Study of the MJO
Convection Onset (MISMO) program over the central
equatorial Indian Ocean during October to December
2006. Using the data from the MISMO program, we report
observational evidence of Mixed Rossby Gravity (MRG)
wave periodicity in both wind and humidity during the
MJO initiation period.
Wave-like motions with a period of approximately 4–5 days
and a wavelength reaching to the order of 9000 km, with a
structure similar to that of the MRG waves are a prominent
characteristic of the tropical atmospheric circulation. These
waves originated from the lower troposphere where they
were forced to propagate vertically by topographic forcing
or land–sea diabatic heating differences. Time series of sixhourly observations of temperature (with superimposed
lapse rate computed at every 100 m), relative humidity,
zonal and meridional wind components with height from
the surface to 12 km altitude
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Rainfall Simulations through HRM and COSMO
Models

for the entire observational period are illustrated in Fig. 2.
The intermittent patches of low lapse rate in the lower and
middle troposphere indicated the presence of inversions
prescribing relatively stable lower half, leaving a strip
of unstable boundary layer beneath (Fig. 2a). Patches of
dry and humid air progressively descending to the lower
troposphere were noticed in the RH time series with 4–5
days periodicity (Fig. 2b), especially above the 4 km height.
The zonal components of the wind profile above the central
equatorial Indian Ocean clearly depicts the upper (easterly
flow) and lower (westerly flow) branches of the Walker
circulation (Fig. 2c). The meridional components of the
wind speed also indicated the descending characteristics of
both the northerly and southerly components, with similar
periodicities (4–5 days) above 4 km height with some signs
of upward propagation below it (Fig. 2d). Interestingly,
4–5 days periodicity was observed in the RH, as well as in
the zonal and meridional wind fields and it appeared to be
embedded in the two branches of the Walker cell as seen
from the zonal component of the wind field. The wavelet
analysis of the time series further confirmed the presence
of 4–5 days wave activity. Since MJO and MRG waves are
associated with deep convection, they create considerable
changes in the amount of Outgoing Long wave Radiation
(OLR).

Figure 2: Profiles of temperature (°C) (six-hourly time series;
white line) superimposed on lapse rate (°C/100 m; shown as
positive values) (shaded) (a), relative Humidity (%) (b), zonal
wind (m s-1) (c) and meridional wind (m s-1) (d) plotted against
altitude. The temperature lapse rate (°C/100 m) (shaded) is
superimposed over the contours. Launch location is at 80°E and
83°E and the line of separation is highlighted by a bold line in
the time series plot. The launching times are 00 UTC, 06 UTC, 12
UTC and 18 UTC from 25 September to 3 October 2011 at 80°E
and from 4 to 10 October 2011 at 83°E [Muraleedharan et al.,
Meteorol Atmos Phys, 2015]
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Figure 3: Hovmuller (longitude–time) diagram of 20- to 100-day
band pass filtered OLR averaged over 10°S–5°N for the period
1 September–31 October 2011 [Muraleedharan et al., Meteorol
Atmos Phys, 2015]

The Hovmuller (longitude–time) diagram of the 20–100
day band pass filtered daily OLR data averaged over
latitudes 10° S and 5° N for the period 1 September 2011 to
31 October 2011 exhibited the presence of 30–40 day MJO
activity (Fig. 3). Both westward and eastward moving
periodicities were discernible in the lowest frequency
bands. For getting further insight for detecting the presence
of MRG waves in OLR data, the background removed
wave number frequency diagram for anti-symmetric wave
type in the OLR data averaged over 10° S– 10°N are
presented with the dispersion curve superimposed (Fig. 4).
The presence of westward propagating asymmetric waves

Figure 4: Zonal wave number–frequency diagram of antisymmetric OLR spectral power divided by a background.
Superimposed are the dispersion curves of the equatorial
waves (MRG) for the three equivalent depths of 12, 25 and 50 m
[Muraleedharan et al., Meteorol Atmos Phys, 2015]

Stability Indices during the Active and Suppressed
Periods of Madden Julian Oscillation (MJO) during
the CINDY2011/DYNAMO
Using high resolution three hourly radiosonde (RS92) data
over the Gan Island (0.69°S, 73.15°E) from October 2011
to January, 2012 background stability and saturation state
of the atmosphere during active and suppressed periods of
Madden Julian Oscillation (MJO) have been attempted.
The active and the suppressed periods are defined based
on the rainfall. Different indices calculated during both
the periods of MJO indicated that the atmosphere was
more unstable and saturated, conducive for the intense
convection during the active compared to that of the
suppressed period. The diurnal variability in the indices
shows convective activity between 0820 and 1120 UTC
during the active period. The variability in the indices
also indicates that in the first active phase of MJO, the
convection was intense and strong compared to the other
periods of MJO.

Global Diurnal Variability of Tropospheric Humidity
using SAPHIR onboard Megha-Tropiques
The global diurnal variability of relative humidity (RH)
from August 2012 to May 2014 is discussed using data
obtained from SAPHIR (Sounder for Atmospheric
Profiling of Humidity in the Inter-tropical Regions), a
microwave humidity sounder onboard Megha-Tropiques.
The six layers obtained are 1000-850, 850-700, 700-550,
550-400, 400-250 and 250-100 hPa. A distinct diurnal
variation is obtained over the desert, continental and the
oceanic regions at all the layers.

Future Projections
Short-range Weather Predictions: Ingestion of the coastal
ABL heights into the COSMO model; Redefining
the mixing length scale in the ABL parametrization;
Improvements in rainfall simulations for SHAR regions
Large Eddy Simulations: Utilisation of the COSMO model
for Large Eddy Simulations; Operationalisation of the
Parallelized Large Eddy Simulation (PALM) model for
local atmospheric processes
Climate Impact Processes and Modelling: Designing
and Execution of model-based numerical experiments
for mesoscale atmospheric features and Asian summer
monsoon processes; Study on the thermal, dynamical and
micro-physical characteristics of synoptic scale convective
systems; Study on climate feedback processes through
numerical modelling and earth observation system data

New Initiatives
CO2 Fluxes over the Indian Region: Assessment of
variability in CO2 fluxes from GOSAT (Greenhouse
Gases Observing Satellite) and OCO-2 (Orbiting Carbon
Observatory); Coupling of the COSMO model with the
FLEXPART for simulation of CO2 over the Indian domain.

Publications in Peer-Reviewed Journals
1. Bala Subrahamanyam, D., Ismail Gultepe, Sultan Al-Yahyai and A. N. V. Satyanarayana, “Atmospheric Boundary
Layer Processes and Atmospheric Modeling”, Advances in Meteorology, Volume 2015, Article ID 985353, 2
pages, 2015, DOI: 10.1155/2015/985353.
2. Muraleedharan, P. M., S. Prasanna Kumar, K. Mohana kumar, S. Sijikumar, K. U. Sivakumar, Teesha Mathew,
“Observational evidence of Mixed Rossby Gravity waves at the central equatorial Indian Ocean”, Meteorology
and Atmospheric Physics, 2015, DOI:10.1007/s00703-015-0376-2.
Presentation in Symposia/Conference/Workshops
1. Radhika Ramachandran, “Estimation of terrestrial CO2 fluxes over the Indian Region using Satellite observations,
in-situ measurements and atmospheric transport models”, International Conference on Climate Change and SpaceBased Disaster Management, Thiruvananthapuram, February 26 – 28, 2015.
2. Sijikumar, S., and S. Aneesh, “Trends and variabilities in the tropospheric water vapour over Indian region”,
International Conference on Climate Change and Space-Based Disaster Management, Thiruvananthapuram,
February 26 – 28, 2015.
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with the period of ~ 4–5 days, having wave number of 2–4
is also detected. Amplitude of OLR anomalies is of the
order of 1.8 Wm-2. The asymmetric bifurcation of warm
surface water by the subsurface cold water off Sumatra
generate asymmetric convective regimes in the vicinity of
the equator probably triggered convection with periodicity
similar to MRG waves. The intermittent surface convection
associated is believed to be responsible for the ascending
moisture to the middle troposphere prior to the initiation
of MJO. The moisture pumped to the middle troposphere
makes the layer convectively more unstable leading to the
state of deep convection, a situation conducive for the MJO
initiation processes

3. Uma, K. N., “A Review on Tropical Meso-scale Convective Systems”, International Conference on Climate
Change and Space-Based Disaster Management, Thiruvananthapuram, February 26 – 28, 2015.
4. Uma, K. N., “All women are working women”, International Women’s Day Celebrations, VSSC,
Thiruvananthapuram, March 11, 2015.
Deputations
1. Radhika Ramachandran, D. Bala Subrahamanyam, S. Sijikumar and K. N. Uma, International Conference on
Climate Change and Space-Based Disaster Management (I3CDM), Kovalam, Thiruvananthapuram, February 26
– 28, 2015.
2. Nalini K., “Short Course on Advanced Statistical Concepts in Atmospheric and Oceanic Sciences” conducted at
Indian National Centre for Ocean Information Services (INCOIS), Hyderabad, February 23 – 28, 2015.
Training Undergone
1. Bala Subrahamanyam D, Structured Training Program on “Remote Sensing Applications”, National Remote
Sensing Centre, Hyderabad, September 08 – 12, 2014.
2. Sijikumar S, VSSC-HRD training on DOS Stores Procedure, June 04, 2015.
3. Uma K. N, LINUX training programme, VSSC, July 22 – 24, 2014.
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A TMOSPHERIC D YNAMICS B RANCH

The Atmospheric Dynamics Branch is carrying out the front line
research on various atmospheric processes responsible for altering the
motion of the Earth’s atmosphere, right from the ground to mesospherelower 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/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 a part of SPL’s Polar research program, dynamics
branch initiated experimental campaigns at Bharati station in Antarctica,
focusing on high latitude–low latitude coupling processes. Recently,
the horizon of the branch is expanded by initiating the studies under the
realms of cloud and climate dynamics, which is getting strengthened year
after year.
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Troposphere-Stratosphere Dynamics
Characteristics of Turbulence in the Troposphere and
Lower Stratosphere
Characteristics of turbulence in the troposphere and lower
stratosphere at Trivandrum (8.5˚N, 76.9˚E) and Gadanki
(13.5˚N, 79.2˚E), two tropical stations located in the Indian
Peninsula, are studied using GPS-radiosonde observations
during the period of December 2010 to March 2014 as part
of the Tropical Tropopause Dynamics (TTD) Experiment
under the CAWSES-India program. This study relies on
the detection of turbulence, applying Thorpe analysis to the
temperature profile and also taking into account the impact
of atmospheric moisture and instrumental noise on static
stability. Fig. 1 depicts the Contour Altitude Frequency
Diagram (CFAD) of eddy dissipation rate (ε) for different
seasons at Trivandrum and Gadanki. In general, at both the
stations, frequency of occurrence of turbulence is highest
in the 10-15 km altitude region and lowest in the 3-8 km
altitude region. However, during the summer monsoon
season an increase in the frequency of occurrence of
turbulence is observed in the 3-8 km altitude region. The
percentage of occurrence of turbulence sharply decreases
near the cold point tropopause (CPT) and becomes almost
insignificant in the lower stratosphere. This study suggests
that turbulence with larger scale length occur at Gadanki
more frequently than that at Trivandrum. In general, the
strength of the turbulence is higher in the altitude region
of 5-15 km at Gadanki in all seasons compared to that at
Trivandrum. The differences in ε and eddy diffusivity (K)
between the two sites are up to a factor of 10 and often
larger than a factor of 3. Annual mean altitude profiles
for different years also show that the value of ε varies
by a factor of 2-3 between the two sites. In the lower
troposphere, close to 2 km also, the values of ε are higher
at Gadanki. But the altitude gradient above 2 km is found
to be larger at Trivandrum than at Gadanki. In the TTL
region, the turbulence strength is higher at Trivandrum at
least by a factor of 2. In the atmospheric boundary layer,
significantly high values of ε ranging from 10-3 to 10-1 m2s-3
are observed at both sites.
It is seen that the occurrence of turbulence is closely
associated with strong wind shear and/or square of BruntVäisälä frequency (N2) less than zero and Richardson
number (Ri) less than 0.25. Fig. 2 shows the altitude
structure of the percentage occurrences of δU/δh| > 30 ms-1
km-1 and > 15 ms-1 km-1 along with N2 < 0 are examined
in the altitude region 0 to 25 km for different seasons.
Altitude structure of the occurrence frequency of N2 < 0
shows a broad peak in the altitude region 10-15 km with
relatively low occurrences in the 3-8 km altitude region.
Above 15 km altitude region, the occurrence of large
wind shear is generally high compared to that of N2<0,
at both the stations, indicating turbulence in the altitude
region above 15 km is mainly due to dynamic instability.
The results suggest that generation of turbulence below 15
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Figure 1: Contour Frequency Altitude Diagram (CFAD)
depicting the percentage of occurrence of Log10 ε (with a width
interval of 0.25) for different seasons at Trivandrum (a) and
Gadanki (b). These are estimated using the entire dataset during
the period December 2010 to March 2014 [Sunilkumar et al.,
Journal of Atmospheric and Solar Terrestrial Physics, 2015]

km could be due to the combined influence of static and
dynamic instabilities at least at Trivandrum. These features
of turbulence characteristics at Trivandrum and Gadanki
will have different implications in the transport of mass,
momentum and energy from ABL to free troposphere and
even to lower stratosphere region through the TTL. The
intermittent nature of small-scale turbulence in the UTLS
region can possibly govern the distribution and composition
of minor constituents as well as alter their microphysics in
that region.

ADB
Figure 2: Altitude profiles of percentage occurrences of N2 < 0, |δU/δh| > 15 ms-1km-1 and |δU/δh| > 30 ms-1km-1 in the altitude region
of 0 to 25 km for different seasons at Trivandrum and Gadanki [Sunilkumar et al., Journal of Atmospheric and Solar Terrestrial
Physics, 2015]

Influence of Tropical cyclones on Tropospheric Ozone:
Mechanism explained with WRF Simulation
In general, stratospheric intrusion is a slow process and is
a mid and high-latitude phenomenon linked with synoptic
scale disturbances. Many studies have described the time
scale of stratospheric ozone intrusion that occurs in 3 steps,
and takes about three months to reach from stratosphere
SPL Annual Report: 2014-15

to lower troposphere. The observational evidences of the
intrusion of stratospheric air into troposphere have been
demonstrated by using ozonesonde/radiosonde at Thumba
and MST radar at Gadanki. The present study focuses on
the spatial-temporal structure of the stratospheric intrusion
and examines the governing mechanism associated with it
using Advanced Research-Weather Research and Forecast
(WRF-ARW) simulation.
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Figure 3: The height-latitude cross-section of (a) vertical velocity along with potential vorticity (magenta) and potential temperature
(black) contours, and (b) relative humidity cross-section along with equivalent potential temperature (black) and zonal wind (gray)
at 79oE at 18 GMT on 30 October 2012 for Nilam (left panels) and 20 GMT on 10 October 2013 for Phailin (right panels).(c) and (d)
are same as (a) and (b), respectively, but for height-time cross-section over Thumba (8.5oN,76.9oE [Das et al., Atmospheric Chemistry
and Physics Discussion, 2015]

Fig.3 shows the height-latitude cross-section of (a) vertical
velocity along with potential vorticity and potential
temperature contours, and (b) relative humidity cross-section
along with equivalent potential temperature and zonal wind
at 79°E at 18 GMT on 30 October 2012 for Nilam (left panels)
and 20 GMT on 10 October 2013 for Phailin (right panels)
cyclones. The vertical velocity profiles show the presence of
downdraft (blue) followed by updraft (red) between 8-17°N
in the UTLS region in both the cyclone cases. Enhanced
potential vorticity 0.5-1.5 PVU is also observed vertically
down from the stratosphere to the surface, overlapping
the downdraft regions. The potential temperature contours
indicate the presence of unstable atmosphere at this location
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and it can be seen that stable stratospheric air penetrated
downward at 12-14°N for Nilam and 16-18°N for Phailin.
Relative humidity profiles indicate the presence of dry air
at ~ 8°N. The equivalent potential temperature contours
in Fig 3(b) indicate that from surface to 10 km it is highly
unstable for vertical motion and favorable condition for the
convection to take place at 6-12°N for Nilam and 12-18°N
for Phailin. In the same latitude regions, from 10 km to the
tropopause level, the vertical motion is suppressed and the
atmosphere is found to be statically stable to the unsaturated
atmosphere. The above conditions indicate the presence of
statically stable stratospheric air in the upper and middle
troposphere during both cyclones.

Four decades of climatological data on winds from
0-65 km measured over a low latitude equatorial station
Thumba is compared with four global reanalysis data
sets. The observations are made using balloon borne
experiments (0-35 km) and rocket soundings (20-65 km)
from 1970-2013. Reanalysis data compared well with the
real-time observations below the tropopause as compared
to above this level in both the wind components (zonal and
meridional). The average correlation coefficient between
observations and reanalysis is found to be 0.9 for zonal
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Evaluation of stratospheric semiannual, annual and
quasi-biennial oscillation amplitudes in re-analysis
datasets using rocket and balloon observations over
Thumba

well with the observations as shown in Fig 4.
In the present analysis above 50 km, SAO is overestimated
in MERRA reanalysis as compared to observations between
1979-1991 by 5 m/s. The overestimate is due to the fact
that tropical upper stratosphere is dominated by SAO with
transitions between easterly and westerly phase with large
vertical shear associated with meridional curvature in the
temperature field. The analysis also shows the amplitude of
AO above 50 km is overestimated in MERRA reanalysis
as compared to observations from 1979-1991. At ~30 km,
QBO amplitude is maximum and is found to be 20 m/s. This
shows that the amplitude of SAO and AO is reproduced
well in all the four reanalysis data and is comparable with
the observations over Thumba. It is interesting to note that

Figure 4: Intercomparision of the amplitude of semi-annual oscillation (SAO), annual oscillation (AO), quasi-biennial oscillation
(QBO) between observations with ERA-40 for period of 1971-1978 (top panels) and with NCEP-II, ERA-40, ERA-Interim, and MERRA
reanalysis data for period 1979-1991. The amplitude from 0-30 km is extracted from radiosonde observation whereas from 31-65 km
with rocket measurements [Das et al., Quarterly Journal of Royal Meteorological Society, 2015]

wind from the surface to 30 km and 0.6 for meridional wind
from the surface to 15 km. The mean removed zonal wind
is then subjected to FFT to extract the amplitude of SAO,
AO and QBO for two different periods of observations,
i.e. before and after satellite era (1979). Fig. 4 shows the
vertical profiles of amplitude corresponding to SAO, AO,
and QBO obtained from observations, NCEP-II, ERA40 and ERA-Interim and MERRA reanalysis data sets.
Upper panels in Fig.4 are for the period of 1971-1978
and lower panels for the period 1979-1991. The vertical
profiles of these long period oscillations extracted in the
present study compare well with previous studies over
Thumba. The vertical profiles of SAO, AO and QBO
derived using all the reanalysis data sets also compare
SPL Annual Report: 2014-15

the QBO amplitude at 20-30 km altitude is systematically
underestimated by all the four reanalysis compared to the
observations. Further, amplitude of SAO, AO and QBO in
all the four reanalysis data sets are estimated for different
timings (0, 6, 12, 18 GMT), which show that there are
no significant differences. Thus, the influences of diurnal
variation in the estimation of amplitude in reanalysis data
sets are negligible. Based on the above analysis, it was
found that all the reanalysis data, including before satellite
era, reproduces the climatology feature well, however,
further scope of improvement is expected by assimilating
the available long term observations to capture the
amplitude of long-period oscillations, especially in the
stratospheric and mesospheric heights.

53

Studies on Mesosphere-Lower
Thermosphere (MLT) dynamics
On occurrence of an Unusual Structure in the sodium
layer over Gadanki
The ablation of meteoroids and interplanetary dust in the
MLT region gives rise to the mesospheric Na layer. Lidar
measurements of Na atom concentration over low latitude
stations have shown enhancement over the usual background
layer in a narrow altitude region of few kilometers
thickness. These layers are known as sporadic Na (NaS)
layer. Observation of rare Na layer structures different from
conventional NaS structures are seen in Lidargrams and these
are believed to be caused by Kelvin-Helmholtz (KH) billows
which occur due to dynamical instability with onset condition
judged by the Richardson number (Ri). Making use of the
MLT region horizontal wind profiles collected from Meteor

wind radar located at SPL, Trivandrum (Fig. 5) and heighttime map of atomic sodium from Na Lidar at NARL, Gadanki
(Fig.6) along with temperature profiles from SABER/TIDI
on board TIMED satellite during 18-19 March 2007, a
collaborative study attempted to evaluate the possible role of
different instability mechanisms in generating the observed
rare sodium structure - ‘λ image’.
It is found that the Richardson number was noticeably less
than the canonical threshold of 0.25 over Thiruvananthapuram
and other nearby TIDI measurement locations thus revealing
the plausible occurrence of Kelvin-Helmholtz billows over
Southern part of Indian subcontinent. Detailed analyses
suggested the possible role of dynamical processes whereby
the shape of the KH billow got modified and ‘frozen-in’ the
background medium and were advected with North-Eastern
directed background wind to the lidar location, where it
appeared as the ‘λimage’- a rare Na structure in the lidargram.

Figure 5: (a) Zonal and (b) meridional wind profiles during 18 to 19 March 2007 derived from the meteor radar at Thiruvananthapuram.
(c) The altitude variation of Ri at different times over Thiruvananthapuram calculated using total wind shear and the average
temperature profile from SABER 1, 2 which are the closest SABER passes to Thiruvananthapuram. (d) Average zonal and meridional
wind profiles showing the horizontal background wind above 92 km is north-eastward with a mean speed of approximately 58 ms-1
[Sarkhel et al. Earth, Planets and Space, 2015]

Figure 6: Sodium concentration on 18 to 19 March 2007 (NARL, Gadanki). (a) Height-time-concentration map (or lidargram) of
the Na atoms during 18 to 19 March 2007 in the altitude 80- to 105-km range of over NARL, Gadanki. (b) Lidargram showing the
distribution of Na atoms in the 90- to 105-km altitude showing the ‘λimage’ structure with concentrations exceeding 2,500 atoms cm−3
saturated to highlight the structure.(c) Sequence of Na concentration profiles. (d) The column density of Na atoms between 93 and 100
km [Sarkhel et al. Earth, Planets and Space, 2015]
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Among the waves of planetary scales, the quasi-two
day wave (QTDW) is one of the most prominent in the
mesosphere lower thermosphere (MLT) region. At low and
equatorial latitudes, the quasi 2-day wave activity is strong
in both summer and winter seasons. Recently, it is noticed
that the QTDW exhibits triple mode structure over the low
latitudes. The meteor radar observations over Thumba
shows three distinct peaks in the annual cycle of QTDW
during winter, summer and an additional peak during the
month of October. However, it is not known whether over
the equatorial latitude this triple structure mode exists or
not? In this regard, simultaneous observations of QTDW
have been are carried out using meteor radar observations

over Thumba and Kotatobang, Indonesia. Fig. 7 shows
the mean climatology of zonal and meridional winds over
Thumba and Kotatobang derived from seven years of
observations (2006-2012). It is very interesting to note that
very similar wind climatologies exist over the equatorial
and low latitude observational sites. All the known features
of winds, such as semi-annual oscillation in the zonal
winds and annual oscillations in the meridional winds,
are well reproduced in the wind climatologies. The hourly
wind measurements of meteor wind radar are used for
the present study to investigate the QTDW activity in the
MLT region. A 4-day moving window, which is advanced
by 1-day, is used for this purpose. However, there were
few data gaps, which were linearly interpolated to have a
continuous time series of zonal and meridional winds over
the period of 2006 to 2012.

Figure 7: The mean climatology of Zonal and meridional winds over Thumba and Kotatobang derived from seven years (2006-2012)
of observations

Figure 8: The climatology of QTDW in meridional winds over Thumba and Kotatobang

SPL Annual Report: 2014-15

55

ADB

Simultaneous observations of quasi two-day waves in
the MLT region over low and equatorial latitudes

Fig. 8 shows the climatology of QTDW in meridional
winds over Thumba and Kotatobang. The climatology
shows similar features with notable differences in the
magnitude. It is interesting to note that the QTDW over
Kotatobang also exhibits the tipple mode structure in its
annual cycle. Further, the individual occurrences of QTDW
activity over these two observational sites are processed
to investigate the vertical wavelength, Phase relation and
wave number structure. The study also demonstrated the
usefulness of simultaneous observations of wave activity
from two geographically separated stations by extracting
the horizontal propagation characterises of the planetary
waves.

Climate Dynamics
Trends in the total width of Hadley Cell
By now it is well known that the Hadley circulation is
responsible for the wet, humid climate of the tropics and
the dry, parched climate of the subtropics. Of late, sinking
latitudes of Hadley circulation has gained importance
because of the fluctuations they exhibit, mainly due to
the changes in meridional temperature gradient arising
in response to the changing concentrations of greenhouse
gases and other anthropogenic sources. A detailed study
on the Hadley cell (HC) edges and their expansion using
35 years of four reanalysis datasets is carried out. An
algorithm is developed to estimate the meridional mass
stream function from which the Hadley cell edges are
characterized. After characterizing the cell for the first
time, an attempt is made to validate the four reanalysis
datasets using global radiosonde network observations. In
the present study, the trends in the total width of the Hadley
cell is quantified using the linear model approach.
Fig.9 (a) and (b) shows the interannual variability of

January

anomaly of the total width of the HC derived using four
reanalysis datasets (MERRA, NCEP , JRA-55 and ERA-I)
for the months of January and July, respectively. The
interannual variability depicted in this figure sheds light on
the long-term changes that have occurred in the meridional
extent of HC over a period of 35 years spanning from 1979
to 2013. Positive value for the anomaly shows expansion
of the cell, and a negative value shows contraction. It is
clear from the figures that the expansion in a given year
is followed by a tendency towards contraction in the next
year, and a further expansion in the succeeding year. This
process repeats across all datasets although the magnitudes
differ. The figures depict that the yearly transitions are
smooth as well as consistent among the datasets during
the month of January. Interannual variability of the total
width anomaly becomes larger, and the consistency
amongst the datasets is reduced during the month of
July. The deviations are pronounced in the case of NCEP
data during some years, wherein the width anomalies are
showing large negative values. Still, the overall tendency
is towards expansion in NCEP data, as well as in the rest of
the datasets. A possible explanation for the large negative
anomaly in the total width of the Hadley cell during July
can be given by the presence of minor circulation during
this month in the northern hemisphere. According to the
present analysis, the edge of the northern hemispheric HC
moves equatorward in the presence of the minor circulation.
The total width of the HC will, hence, be reduced. Thus, if
the minor circulation is present in July for a given year, the
total width anomaly will be largely negative. Using a liner
model, the general trend in the variability of total width of
the Hadley cell for each month is quantitatively represented
in fig 10. The calculated trends are inter-compared among
the reanalysis datasets. The trends are generally positive
for most of the datasets.
July

Figure 9: Inter annual variability of anomaly in the total width of Hadley cell for the month of (a) January and (b) July derived from
four reanalysis datasets –NCEP, JRA55, MERRA, ERA-I from 1979-2013
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Figure 10: Monthly trends (in degrees per decade) in the total
width of the Hadley cell estimated for NCEP, JRA55, MERRA
and ECMWF datasets

All datasets show a positive trend during the spring and
the summer months. Overall, the trend towards expansion
maximizes during July- 1.5° latitude per decade, which
happens to be consistent among all the datasets. The vertical
bars in Fig. 10 indicate the 95% confidence intervals
estimated from the linear model and the observations. The
confidence intervals for few datasets during the months
of June and July are too large indicating less confidence
in the estimated trends. However, overall an expansion
in the Hadley cell is observed in almost all the datasets,
with varying confidence intervals. The current study thus
provides unambiguous climate change indicators in terms
of Hadley cell expansion, which is envisaged to have
profound climate implication especially over subtropics.
The studies on expansion of Hadley cell using satellite
based observations of geophysical parameters are in
progress.

Cloud Dynamics
Distribution of cloud types in inner and outer rain
bands of Tropical Cyclones using space based Cloud
Profiling Radar Observations
Clouds in tropical cyclones are circuitously interconnected
with the dynamics of the cyclone and play a very
important role in its sustenance and intensification. One
of the missing elements in the tropical cyclone research
is the type of clouds forming in the tropical cyclones.
What types of clouds are present in which part of tropical
cyclone become very important in understanding the
dynamics of the cyclone. It is known that depending
upon the cloud type, the radiative properties, the latent
heat released and microphysical properties of clouds
differ largely. The present study attempts to construct
SPL Annual Report: 2014-15

Using CloudSat observations over various tropical
cyclones, a composite horizontal distribution of various
cloud type is constructed and is shown in fig. 12. This
figure shows the composite height distribution of Cirrus
(Ci), Altostratus (As), Altocumulus (Ac), Stratus(St),
Stratocumulus (Sc), Cumulus (Cu), Nimbus (Ns) and DC
clouds at various parts of the cyclone. The observations
are sparse near the eye of the cyclone and thus cloud type
information is not available over this part of the cyclone.
However, it can be noticed from the fig. 15 that the DC
clouds occur near to the eye of the cyclone. Ci clouds are
predominantly found at either side of the cyclone centre
and it extends over horizontal range of 1000-2000 km.
Midlevel clouds are dominated by the altostratus and
altocumulus clouds. The dominant low cloud type is Cu and
Sc that can be found over most of the domain. The vertical
extent of DC clouds in the inner rainband is up to ~ 17 km,
whereas it extends up to 14 km in outer rainband of tropical
cyclones. It is shown that the three-dimensional cloud type
distribution around the composite cyclone agrees well with
conceptual models of tropical cyclones. Thus the present
study showed the potential use of CloudSat-observations
to build composite distribution of various cloud types
in tropical cyclones. The most constructive use of the
present analysis is for the evaluation of numerical models
to examine to what extent can these models accurately
represent the cloud types in tropical cyclones.

Highlights of GARNETS (GPS Aided Radiosonde Network Experiment for Tropospherestratosphere Studies) Campaign:
In situ Observations of Water Vapour in the tropical
upper troposphere and lower stratosphere over India
Frost Point Hygrometer (FPH) accurately measures water
vapour in the altitude region from surface to 25 km. First
direct measurements of the trace amount of water vapour
in the upper troposphere and lower stratosphere (UTLS)
over the Indian region was carried out using balloon-borne
Frost Point Hygrometer (FPH) launched from Thumba at
17:00 IST on 17 April 2014. Regular observations of water
vapour in the UTLS region are being carried out using FPH
from Trivandrum and Hyderabad since May 2014 as part of
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composite cloud type distribution in tropical cyclones
using CloudSat observations of several tropical cyclones.
Fig. 11 (a) shows the METEOSAT image and the CloudSat
track (brown line) through the GONU cyclone’s eye and
its inner rainband on 2 June 2007 over the Arabian Sea.
METEOSAT image shows the eye, inner and outer bands
of the GONU cyclone. Fig. 11 (b) shows the vertical cross
section of cloud types along the CloudSat track. Various
parts of the cyclones such as anvil, rainband, eye-wall and
eye are identified in the fig. 11(b). This is one of the typical
examples of CloudSat observations along a track over a
tropical cyclone.

(a)

(b)

Figure 11: (a) METEOSAT image of GONU cyclone observed on 02 June 2007. The brown line indicates the CloudSat track (b) A
typical CloudSat vertical cross section of cloud classification over GONU cyclone

Tropical Tropopause Dynamics (TTD) Experiment under
GARNETS program. In general, water vapour mixing ratio
decreases with increase in altitude in the troposphere and
varies by four orders of magnitude from ~20,000 parts per
million by volume (ppmv) near the surface to less than 10
ppmv above 15 km. In the Tropical Tropopause Layer (TTL),
the mean mixing ratio of water vapour is in the range ~10 to
~50 ppmv. The minimum value of ~1 to 3 ppmv is observed
near the Cold Point Temperature (CPT), which acts as a
trap for freeze drying and dehydration of the air that enters
into the stratosphere through Stratosphere-Troposphere

New Initiatives
Polar atmospheric dynamics
During the 34th Indian Antarctic Expedition, a campaign
was carried out at Bharathi station using GPS sondes and
ozonesondes to investigate the dynamical process in the
polar troposphere and stratosphere. A total number of
11 balloon flights were conducted during 25 January-13
February 2015, which provided vertical profiles of wind,
temperature, ozone and relative humidity. The preliminary
analysis could bring out the characteristics of gravity waves.
Vertical profiles of ozone showed variation from 10 nb to
a maximum of 120 nb around 20 km. This program will be
continued in coming years to study the polar atmospheric
dynamical features.
Gravity wave Ray-Tracing model
Ray tracing model is being developed to trace back the
source region of gravity waves to the lower atmosphere.
Climatological profiles of wind and temperature obtained
using Meteor wind radar, rockets and radiosondes are used
for the background atmosphere.

Future Projections

Figure 12: Composite horizontal cross section of vertical
distribution of cloud types in cyclones (North-South direction)

Exchange (STE) process. In the lower stratosphere, the
mixing ratio slowly increases with altitude to attain a value
of ~ 4 to 5.5 ppmv around 25 km altitude which is almost
double of that at CPT. The increase above CPT is caused
by the longer residence time of water vapour in the lower
stratosphere and plays a significant role in the chemistry
and thermodynamics of this region. Regular observations
are being carried out from Trivandrum and Hyderabad to
study the annual cycle of water vapour in UTLS region and
to quantify the amount of water vapour pumped by deep
convection in to the lower stratosphere.
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•
•
•
•
•
•
•
•

Realization of Integrated Lidar System
A revisit to gravity wave saturation theory
Evaluating WACCM output for gravity and planetary
wave studies
Developing an algorithm for calculating diabatic
heating using reanalysis data
Organization of convection using Doppler Weather
Radar Observations
Expansion of GARNETS program to more stations and
with focussed campaigns using FPH and ozonsondes
Impact of deep convection on the thermal structure of
UTLS region.
Participation in 35th Antarctic Expedition during 20152016 for carrying out polar atmospheric dynamics
campaign
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Generation and Evolution of Additional
Layers in the Equatorial Ionosphere
On the role of the Equatorial Temperature and Wind
Anomaly [ETWA] in the formation and evolution of
F3 layers over equator
There are two main aspects regarding the occurrence
of F3 layer over a dip equatorial location, e.g.
Thiruvananthapuram, which need to be understood. These
aspects are (a) the occurrence of the layer as an inflexion
in the existing F2 layer, and (b) the fast vertical drift of
the layer once it is generated. In the present study an
attempt has been made to understand these by delineating
the properties of the ionosphere on the F3 days and non
F3 days and bringing out the importance of background
ionosphere thermosphere system in the generation of F3
layer. A mechanism has been proposed to explain both the
above mentioned aspects of F3 layer. The ionosonde data
for the years 2004 and 2005 from the dip equatorial location

of Thiruvananthapuram has been used in this study. The
most striking observation regarding F3 layers has been
that the hmF2 is markedly low since morning on F3 days
in comparison to that on the normal days (Fig. 1), while
foF2 or ionisation density remains as that on a normal day
(Fig. 2). In other words, on F3 days the ionisation density
is observed to be higher at lower altitudes in comparison to
that on normal days. Through the present study it has been
demonstrated for the first time that a physical mechanism
similar to that in Equatorial Temperature and Wind
Anomaly (ETWA) could be operating in the generation of
F3 layers. It has been shown that the coupling of the zonal
wind associated with ETWA and enhanced ionospheric
density over dip equator can account for the generation of
F3 layer through ion-drag. The vertical wind associated
with the thermospheric heating resulting from ion-drag
causes the generation of an additional eastward field which,
along with the prevailing F-region electric field, leads to
the quick upward excursion of the F3 layer.

Figure 1: The panels exhibit the hmF2 behaviour during different months distributed according to the movement of the sub-solar point
around the dip-equator. It can be clearly observed that the ionospheric height on F3 days was lower than that observed on non-F3 days
[Mridula and Pant, JASTP, under revision]

62

ITMP
Figure 2: The panels exhibit the foF2 behaviour during different months distributed according to the movement of the sub-solar point
around the dip-equator [Mridula and Pant, JASTP, under revision]

Evidence for F3 formation and mesopause heating
during the events of penetration of interplanetary
electric field over dip equator
This study reveals a succession of prompt penetration
events happening over the magnetic dip equatorial
station, Trivandrum, on a single day, i.e., April 9, 2006.
The equatorial mesosphere-thermosphere-ionosphere
responded to these events in ways that have not been
observed frequently. The equatorial ionosphere responded
to the eastward/westward penetration by manifesting
through enhanced/supressed vertical plasma drift. We
propose that in the F3 generation as seen in the present
case, the Equatorial Temperature and Wind Anomaly
and associated dynamics plays an important role through
vertical wind and electric field at upper F-region of the
SPL Annual Report: 2014-15

ionosphere (Fig. 3). Interestingly, it came out that the
upward excursion of F3 layer continued even during the
westward prompt penetration. Further, an intense heating
(~30 K) at OH emission altitudes was observed on this day
coincident with the penetration of a noon time westward
interplanetary electric field (Fig. 4a). The SABER
observations onboard TIMED satellite also revealed
heating at the mesopause heights during this period (Fig.
4b). The presence of strong penetration electric fields are
clearly discernible in the ionosonde and magnetometer
observations. We propose that strong heating at the
mesopause resulted primarily due to the enhancement
in the joule heating in the electrojet current region. The
ground magnetometer observations reveal significant
changes in the conductivity at the E region corroborating
this proposed mechanism.
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Figure 3: Ionograms at selected times during 0915-1000 IST, a time of eastward penetration at Trivandrum showing the evolution
of F3 layer on April 9, 2006 . The ovals highlight the presence of F3 layer in the ionograms [Sumod et al., J. Geophys. Res., 2015]

Variability in the equatorial ionosphere and
trends therein
On the solar activity variations of nocturnal F region
vertical drifts covering two solar cycles in the Indian
longitude sector
A comprehensive analysis of the seasonal and solar cycle
variability of night time vertical drift over the Indian
longitude sector is accomplished using ionosonde data
located at Trivandrum (8.5°N, 76.5°E). The analysis
extends over a span of two decades (1988–2008). For
the first time, representative seasonal variations of the
nocturnal vertical drift during three different solar activity
epochs have been established. Seasonally, for the high and
moderate solar epochs, the maximum post sunset vertical
drift (Vd) is obtained in vernal equinox (VE), followed by
autumnal equinox (AE), winter solstice (WS), and summer
solstice (SS); while for low solar epoch, the maximum
Vd occurs in WS followed by VE, AE, and SS (Fig. 5).
The equinoctial asymmetry in peak Vd during high and
moderate solar epochs is also brought out, as can be seen
conspicuously in Fig. 5.

Figure 4: The temporal variation of optically estimated
mesopause temperature on April 9, 2006 and the monthly mean
temperatures during April 2006 along with their standard
deviations (top panel). The SABER measured temperature
profiles available during the overshielding event (at ~06:14 UT)
over equatorial/low latitudes (5°-20° N) for different longitude
sectors (10°-17° W) along with the average of the same over
the same location on the control day (Brown line) with their
standard deviations. [Sumod et al., J. Geophys. Res., 2015]
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As is known, the full activation of F-region dynamo takes
place only when sunset occurs simultaneously at locations
in the northern and southern hemispheres connected by
the magnetic field as conjugate points. In general, the
magnitude of peak Vd is found to be inversely related to the
time difference between sunset times at conjugate points.
The time difference (δt) has been found to be minimum
during equinoxes, resulting in the observed drifts being
higher during equinoxes.
Further, based on the sunset times at the magnetic conjugate
points, the modulation in the time of peak ionospheric drift
is also ascertained during different solar epochs (Fig. 6).

ITMP

The results indicate that the time of peak Vd during high
solar activity epoch corroborates the time of early sunset at
the conjugate point. This further illustrates that the partial
activation of the F-region dynamo due to early sunset at
one of the conjugate points suffices to initiate the post
sunset enhancement during this epoch. During moderate
to low solar activity epoch, the time of peak Vd is found
to be directly related to late sunset time at the conjugate
point. This is ascribed to (a) a comparatively weaker
electric field during low solar activity epoch, (b) a partial
short circuiting of the dynamo field at the conjugate point
resulting in suppressed postsunset enhancement. In other
words, the dynamo gets significantly activated and PRE
strengthened only after the Sun set at both hemispheres.

Figure 6: Scatter plots of the time of seasonal mean peak vertical
drifts versus the time of sunset at conjugate points controlling the
former for low, moderate, and high solar activity epochs. The red
points during for moderate solar activity epoch (middle panel) as
well as those in low solar activity epoch (top panel) are excluded
from the investigation as the time of peak Vd was found to be
substantially delayed beyond the sunset time at conjugate point
indicating the possibility of other processes at work, beyond the
scope of the present analysis [Madhav Haridas et al., J. Geophys.
Res., 2015]

Figure 5: The seasonal variations of nocturnal Vd for (top) low,
(middle) moderate, and (bottom) high solar activity periods
[Madhav Haridas et al., J. Geophys. Res., 2015]

Following this, the solar activity dependence of vertical
drift for a wide range of solar fluxes has been quantified
for all the seasons. These results have very significant
implications in providing a better handle in understanding
the essential equatorial ionospheric phenomena and their
possible impact on satellite and space-based navigation
and communication.
On the equinoctial asymmetry in the threshold height
for the occurrence of equatorial spread F (ESF)
The threshold height (h’Fc) for ESF occurrence during
vernal and autumnal equinoxes is investigated using
a large database spread over period 1993-2008. The
thermospheric background during the two equinoxes have
also been examined using TIMED/GUVI O/N2 data.
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The major aspects that have emerged are : (i) Presence
of significant asymmetry in h’Fc between the vernal and
autumnal equinoxes for all the years examined, (ii) increase
in the equinoctial asymmetry of h’Fc with solar activity
(Fig. 7), (iii) the presence of significant asymmetry in O/
N2 also (Fig. 8) between the two equinoxes which possibly
results in the asymmetric h’Fc, iv) TIEGCM simulations
run online at http://ccmc.gsfc.nasa.gov, reveal higher
normalized atomic oxygen mass density in vernal equinox
than in autumnal equinox (Fig. 8).
It has emerged that the increased neutral density in vernal
equinox results in enhanced ion neutral collision frequency
(υin) which in turn causes a reduction in the RT instability
growth rate, compared to the autumnal equinox, the RT
growth rate being inversely related to υin, ion-neutral
collision frequency. This indicates that an optimum
instability growth rate is achieved only at a higher altitude
in vernal equinox compared to autumnal equinox, and this
results in a higher h’Fc value in vernal equinox.
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the Space Weather Modeling Framework (SWMF). Three
simulations were performed with different ionospheric
conductances (described herewith as Type) using the
SWMF which couples a global MHD code (BATS-R-US)
to the ring current atmosphere interaction (RAM-SCB)
model for the inner magnetosphere and an ionospheric
potential solver. The solutions were investigated and
compared with other empirical models and observations
from satellite.

Figure 7: Yearly variation of h’Fc for autumnal and vernal
equinoxes along with corresponding mean F10.7 cm fluxes.
[Manju and Madhav, J. Atmos. Sol. Terr. Phys., 2015]

Figure 9: Comparison of Model derived Dst index with
observations [Shreedevi et al, 2014]

Figure 8: (a) Seasonal mean O/N2 pattern for the vernal (left
panels) and autumnal (right panels) equinoxes of 2004. (b)
TIEGCM simulations of atomic oxygen mass mixing ratio for
the vernal (left panels) and autumnal (right panels) equinoxes
of 2004. The white rectangles in top panel correspond to data
problem. [Manju and Madhav, J. Atmos. Sol. Terr. Phys., 2015]

Magnetosphere-Ionosphere Coupling :
Ionospheric perspective

The results indicate that for the Type-I conductance
model, in which the conductance is assumed to be constant
globally, the convection pattern is quasi-symmetric across
the noon-midnight meridian, whereas when the dayto-night gradient in conductance (Type-II conductance
model) was introduced in the simulation, the potential cell
is pushed to the nightside and the Field Aligned Currents
(FACs) flow on the dayside in response to the increased
conductivity. In the case of the most realistic conductance
model (Type-III), which includes contributions from solar
EUV, nightside and Polar cap conductance, the results
were in good agreement with those obtained from the
Weimer model. In all the three simulations the Dst indices
show high correlation with the plasma pressure gradients
in the inner magnetosphere (Fig. 9). The magnetic field
thus simulated is also in agreement with the measurements
from the RBSP satellites in all the cases which indicates
that the model is able to capture the observed dynamics
of the inner magnetosphere. This study highlights the role
of global conductance pattern in modulating the dynamic
magnetosphere-ionosphere system.

the

Development of Experiments for exploration
of terrestrial and planetary ionospheres

The influence of ionospheric conductivity on the
magnetospheric dynamics during the geomagnetic storm
event on March 17, 2013 (Dst ~ -130nT) was studied using

Radio Anatomy of Moon Bound Hyper Atmosphere
(RAMBHA) is a comprehensive package of two scientific
experiments selected for the Chandrayaan-2 Lander,

Influence of ionospheric
magnetospheric dynamics.
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conductivity

on

RAMBHA on board Chandrayaan-2 Lander

While RAMBHA-LP is being developed presently at
SPL,VSSC, the hardware of RAMBHA-DFRS is being
developed at ISAC. A brief update on these payloads and
their development is given below.
(a) RAMBHA-LP and the expected Lunar plasma
environment
Direct measurements of the Lunar plasma does not exist so
far. In fact, when it comes to the measurements on Lunar
plasma, different experiments agree only broadly leaving
scope for making better and accurate measurements.
In this backdrop of all the previous Lunar ionospheric
measurements, and simulations carried out at SPL, SPL
has undertaken the development of a LP which will be
capable of measuring the prevailing Lunar plasma density
in the range 107 m-3 to 109 m-3.
These simulated densities are in agreement with recently
reported lunar ionospheric electron density profiles
obtained during Kaguya mission, where the lowest and
highest limits of the observed electron densities below 10
km, are 108 m-3 and 4×108 m-3 respectively, considering
the standard deviations also. Nevertheless, to cater to
unexpected extreme conditions, the LP is being designed
with a dynamic range of 2×107 m-3 to 109 m-3 (Fig. 10). The
control electronics is designed to cater to a wide dynamic
range of 105 in current, Further, to avoid the plasma sheath

effects in RAMBHA-LP, it has been decided to deploy the
LP about 1 meter away from the Lander body. This has
been arrived at based on the estimation of Debye length in
Lunar ionosphere. Our estimations indicate that the Debye
length for Lunar electron density of ~ 108 m-3 is ~0.98
meters. Therefore, a deployable boom of 1 m length has
been taken as appropriate for making the LP measurements
in the expected electron density range.
The basic operation of the proposed LP for Lunar ambience
involves the probe voltage sweeping over from -14 to 14
V in steps of 0.1 V in the default mode. The minimum
and maximum sweep voltage range is kept programmable.
The available step voltage options are 0.05 V, 0.1 V, 0.2
V and 0.5 V. Each voltage step will be applied for 1 ms
duration in the default mode and a mean of the resultant
current during that duration will be saved. This will reduce
the noise contribution to the resultant current. The duration
of 1 sweep will be 280 ms. The available step time options
are 1, 2, 5 and 10 ms.
Overall, the LP is designed as a spherical metallic (Ti
coated with TiN) probe of 25 mm radius with a 1 meter
boom which is insulated from the sphere. The boom is
made of insulating material with bulk resistivity of 1016 Ωm
or better. The sphere will be protected from dust during
Lander descent. The probe will be in stowed condition
during launch and deployed after landing on Lunar surface.
The mechanical configuration of LP is shown in Fig. 11.
It consists of the probe, probe supporting boom, torsion
spring based deployment system, rope cutting based
hold & release system and dust guard. The design of the
mechanical system and its review has been completed.
The RAMBHA-LP electronics system consists of the front
end electronics and the onboard controller. The front end
electronics proto model has been developed and testing
is underway. The RAMBHA integrated payload onboard
controller (RIPOC) system is the controller and spacecraft
interface system for the LP probe. The primary functions
of the RIPOC are sensor probe control, data acquisition and
spacecraft interface for Tele-command (TC), Telemetry
(TM) and Baseband Data Handling (BDH). RIPOC circuit
design has been completed and being reviewed currently.
(b) Dual Frequency Radio Science (DFRS) experiment

Figure 10: The dynamic range of the expected currents is
simulated for different configurations. The simulated I V
characteristic curve for RAMBHA-LP having a probe radius 2.5
cm, and lunar plasma density of 2 x 107m-3 is shown in this figure
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In DFRS experiment, radio signals in the S band (~2.2
GHz) and X band (~8.5 GHz) will be used for the Radio
probing and transmitted towards Earth. Phase coherent
signals, sent from DFRS transmitters at Orbiter and
Lander at X and S bands of frequencies will be received
simultaneously at the Indian Deep Space Network (IDSN),
Bangalore. As ionosphere is a dispersive medium, there
would be a relative difference in the phases of X and S
band of radio frequencies. Using the received signal at
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to achieve a better understanding of the lunar plasma
environment. The two RAMBHA experiments are (i) a
Langmuir probe (LP) for in situ measurements of ambient
electrons, ions, densities, and their temperatures, (ii)
a Dual Frequency Radio Science (DFRS) experiment
onboard both Lander as well as Orbiter of Chandrayaan-2
to decipher the Lunar ionosphere altitudinally.

Figure 11: Mechanical configuration of LP

ISDN, two important parameters, namely the electron
density and the total electron content (TEC), of Moon will
be derived through this experiment. The derivation of these
parameters would involve the following steps.
Derivation of the Total Electron Content (TEC) at Moon
(a) The total phase change in the satellite radio signal
(Doppler shift), received at a ground station, consists of (1)
the phase changes in the signal introduced due to relative
motion between the Earth, Moon, and satellite (also known
as theoretical Doppler), (2) phase change introduced by
the Earth’s ionospheric and atmospheric medium, and (3)
phase change due to Lunar ionospheric medium. As the
theoretical Doppler and phase changes due to atmosphere

and Earth TEC.
(c) DFRS-Orbiter, however, would be away from the lunar
plasma environment except during the time when satellite
occults. The relative difference between X and S bands of
radio signals during such times will be a representative of
the plasma content at Earth only.
(d) The difference in TEC, estimated at Lunar, and Orbiter
platforms, will therefore be a representative of Lunar TEC
only. A schematic of the method is given in Fig. 12.
Development of a Spatial Heterodyne Spectrometer for
Terrestrial and planetary thermosphere-ionosphere
A laboratory model of the Spatial Heterodyne
Spectrometer (SHS) has been developed for measurement

Figure 12: Schematic diagram to illustrate how using DFRS experiment the Lunar TEC will be estimated

would be common in both the frequencies, difference in
phases of X and S band of radio frequencies would be
solely due to the plasma environment at Earth and Moon.
(b) Differences in phases of radio signals at X and S
band will therefore represent a combined sum of Lunar
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of thermospheric airglow emissions. The SHS consists
of a f/2 entrance optics, a narrow band-pass interference
filter (Central wavelength 6303Å, bandwidth 12 Å), a
pair of identical diffraction gratings (blazed at 6300 Å,
1200 g/mm), a non-polarizing cube beam splitter, an

Fig. 13 (a) shows the 2-D power spectrum of the tuned
interferogram. Corresponding 1-D spectrum as in Fig.
13 (b) shows the recovered Ne 6304.8 Å spectral line.
Fig. 13 (c) and Fig. 13 (d) depict the power spectrum of
the interferogram obtained with a He-Ne laser and the
resultant 1-D spectra respectively. Spectrum of Fig. 13
(d) indicates presence of the laser line at pixel number
650 of the interferogram. Wavelength calibration using
the laser line shows 1 pixel of the interferogram is ~0.15
Å. In Fig. 13 (e), shown is the power spectrum of the
interferogram obtained with the nighttime 6300 Å airglow
emission. Fig. 13 (f) shows part of the corresponding 1-D
spectrum with about 150 pixels on either side of Littrow
position (i.e., zero spatial frequency) along the x axis.
Presence of 6300 Å line emission about 32 pixels away
on either side of Littrow is seen in Fig. 13 (f). Obviously
it’s presence is very weakly represented in the spectrum.
This is because of inadequate signal-to-noise ratio (SNR)
and hence, poor contrast of the interferogram. Necessary
actions to improve the SNR, and hence the obtained
6300 Å emission spectrum is underway.

Active Aperture VHF ThumbA Radar (AAVTAR) – A
tool to study plasma dynamics at the dip-equator
The installation and commissioning of an Advanced
Active aperture VHF radar system at Thumba, Trivandrum
(AAVTAR) is one of the three major projects undertaken
by SPL, VSSC recently. Discussions had been held through
“Expression of Interest (EOI)” with technically competent
Indian companies/agencies who can collaborate with SPL
in the realization of this project. It is conceived to provide
data, that would lead to answers to several scientific
issues of fundamental importance, which have remained
enigmatic till now, and are vital for the improvements in
the theoretical understanding of the physical processes
controlling plasma distribution in the equatorial/lowlatitude ionospheric system and modeling of the middle
and upper atmosphere/ionospheric system. These include:
(a) Estimation of zonal electric field prevailing in the E and
F-region of ionosphere by tracking radar echoes from the
altitude range of 150 km, (b) Equatorial Electrojet current
system and associated plasma processes in the E-region of
ionosphere, and (c) Generation and evolution of Spread-F
plasma bubbles at the dip-equator to understand the
enigmatic processes controlling generation of Spread-F.
Measurements from AAVTAR will help to understand
distribution of plasma not only at the dip-equator but

Figure 13: (a) 2-D power spectrum of the zero spatial frequency interferogram obtained with 6304.8 Å line emission of the Neon
spectral lamp, (b) Ne 6304.8 Å line spectrum obtained by taking a slice through the power spectrum of (a), (c) Interferogram obtained
with a He-Ne laser, (d) Resultant laser 6328 Ǻ spectrum, (e) Interferogram of the nighttime 6300 Ǻ airglow emission, and (f) Resultant
6300 Ǻ spectrum.
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exit optics and a highly sensitive electron multiplying
CCD (EMCCD, 13×13 μm2, 1004 ×1002 pixels) as
the detector. The SHS is tuned using the 6304.8 Å line
emission of the Neon spectral lamp. It has been field
tested recently for nighttime 6300 Å airglow emissions.

in the entire low latitude ionosphere over India. These
measurements will be of immense help to minimize
position inaccuracy in GPS / IRNSS signals which is vital
in the light of increased use of GPS in all spheres of life.
The AAVTAR operating at 50 MHz frequency will be
installed in two phases. In first phase, a set of 13 sub-arrays
of active Antenna, each consisting of 19 Yagi-Uda Antenna
elements, will be installed. To aid in the interferometric
measurements, two passive sub-arrays, suitably separated
from the main array, has been proposed as indicated in
Fig. 18. In the final stage, AAVTAR is envisaged to be
operated in incoherent backscatter mode also. In addition,
in the MST mode, the radar will be used to also investigate

the propagation characteristics of atmospheric waves in the
lower and middle atmosphere.

Future Projections
It has been envisaged that the coming years will see
the ITMP’s scientific endeavors in the direction of
understanding the day-to-day variability of the equatorial
thermosphere-ionosphere system and extending our scope
of studies to Planetary ionospheres. Special emphasis will
be given to understanding this variability in context of the
large scale processes present in terrestrial upper atmosphere.
Experimentally, efforts will be made to strengthen ITMP’s
InSWIM (Indian Space Weather Network for Ionospheric
Modeling) network and Antarctic studies.

Figure 18: Schematic diagram of Phase-I and Phase-II of the AAVTAR radar
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P L A N E TA R Y S C I E N C E B R A N C H

Planetary Science Branch (PSB) focuses the research activities under
three broad scientific themes, which are addressed through theoretical
approaches, ground-based and space-based telescopic observations, and
experiments on planetary missions. First theme deals with the study of
interaction of solar radiation with planetary atmospheres and the processes
initiated through this interaction. Second theme focus on scientific
issues related to solar wind and its interaction with different planets &
planetary objects. Analysis of the energetic neutral and plasma data from
the SARA experiment on Chandrayaan-1 mission is also a part of this
theme. Plasma instruments, like the Plasma Analyser Package for Aditya
(PAPA), Langmuir probe, and wave detectors are being conceptualised and
developed for future planetary and space missions. Third theme is on the
study of planetary neutral atmospheres through in-situ observations. Data
from CHACE payload of Chandrayaan-1 mission and MENCA payload
of Mars Orbiter Mission are being analysed to understand the neutral
exospheres around the Moon and the Mars, respectively. New instrument,
like CHACE-2 for the upcoming Chandrayaan-2 mission to investigate
the lunar atmosphere in detail is under development. High Vacuum
Space Simulation Facility (HVSSF) has been established for the payload
development activities. PSB has initiated inter-disciplinary activities to
boost the planetary science research.

Science Team
Anil Bhardwaj
Satheesh Thampi R
Vipin Kumar Yadav
Dhanya M B
Gogulapati Supriya
Abhishek J K

Technical Team
Mohankumar S V
Sreelatha P
Pradeepkumar P
Tirtha Pratim Das
Neha Naik
Dinkar Prasad Vajja
Rosmy John
Anumod P G
Aneesh A N

Research Associates /Fellows
Abhinaw Alok
Vrinda Mukundan
Govind G Nampoothiri
Roshny S

Contributions from
Smitha V Thampi$
Susarla Raghuram#
Faculty, ITMP
University College London, UK

$
#

SPL Annual Report: 2014-15

73

Interaction of solar radiation with planetary
atmospheres
Forbidden oxygen lines at various nucleocentric
distances in comets
The formation of the visible [OI] lines, 5577 Å (the green
line), 6300 Å and 6363 Å (the two red lines), in the coma
of comets are used to determine the parent species of the
oxygen atoms using the ratio of the green-to-red-doublet
emission intensity, I5577 / (I6300 + I6364) (hereafter the
G/R ratio), and the line velocity widths. High-resolution
spectroscopic observations were acquired using Very Large
Telescope of European Southern Observatory of comets
C/2002 T7 (LINEAR) (Fig. 1), 73P-C/Schwassmann Wachmann 3, 8P/Tuttle (Fig. 2), and 103P/Hartley 2, when
they were close to Earth (<0.6 AU). Using the observed
spectra, which have a high spatial resolution (<60 km/
pixel), the intensities and widths of the three [OI] lines
were determined. The spatially extracted spectra have the
best resolution of about 1-2 arcsec, that is, nucleocentric
projected distances of 100 to 400 km depending on the

Figure 2: G/R ratio for each subslit spectrum for comet 8P/Tuttle.
The range of nucleocentric distances covered by each point and
the error on the G/R ratio are represented. The model-calculated
G/R ratios as a function of projected distance in the comet are
plotted. An H2O production rate of 1.4 X 1028 s−1 and 0.5% CO
as relative abundance were used with different seeing values and
different CO2 relative abundances. The fits give the CO2 relative
abundance of the comet. The black dash-dotted curve represents
the calculated G/R ratio not accounting for collisional quenching
with 0% CO2 relative abundance [Decock et al., Astronomy &
Astrophysics, 2015]

geocentric distance of the comet. The identified [OI] green
line from C2 lines blends were decontaminated.

Figure 1: G/R ratio for each subslit and offseted spectrum for
comet C/2002 T7 (LINEAR). The range of the nucleocentric
distances covered by each point and the error on the G/R ratio
are represented. The seeing is included in the x-errors and is
indicated in km. It corresponds to the smallest size that can be
resolved and explains the plateau found for the smallest spatial bin
close to the nucleus. The G/R ratios as a function of the projected
nucleocentric distance are plotted with solid curves. An H2O
production rate of 5.2 X 1029 s−1 and a 5% CO relative abundance
were used with different seeing values and different CO2 relative
abundances. The fits give the CO2 relative abundance of the
comet. Only data points that were not offset were considered to
compute the G/R profile provided by the model. The black dashdotted curve represents the calculated G/R ratio not accounting
for collisional quenching with 0% CO2 relative abundance. The
pentagon symbols are the data points for the offset observations
[Decock et al., Astronomy & Astrophysics, 2015]

The observed G/R ratio in all four comets varies as a
function of nucleocentric projected distance (between
~0.25 to ~0.05 within 1000 km). This is mainly due to
the collisional quenching of O(1S) and O(1D) by water
molecules in the inner coma. The observed green emission
line width is about 2.5 km s−1 and decreases as the distance
from the nucleus increases, which can be explained by the
varying contribution of CO2 to the O(1S) production in the
innermost coma. The photo dissociation of CO2 molecules
seem to produce O(1S) closer to the nucleus, while the water
molecule forms all the O(1S) and O(1D) atoms beyond
1000 km. Thus, it has been concluded that the main parent
species producing O(1S) and O(1D) in the inner coma is not
always the same. The observations have been interpreted in
the framework of the coupled-chemistry-emission model,
and the upper limits of the relative abundances of CO2
were derived from the observed G/R ratios. Measuring the
[OI] lines might provide a new way to determine the CO2
relative abundance in comets.
Monte Carlo model for electron degradation in CH4 gas
A Monte Carlo model has been developed to study the
degradation of ≤10 keV electrons in an atmosphere of
CH4, which is an important constituent in the atmospheres
of outer planets and of satellites Titan and Triton. A
comprehensive set of electron impact cross section for
CH4 for elastic and inelastic processes are compiled and
fitted with a simple empirical form for use in the Monte

Mean energy per ion pair for neutral CH4 is found to be
26 (27.8) eV at 10 (0.1) keV. Ionization is the dominant
loss process at energies >50 eV, for which more than
50% of the incident electron energy is used. Above 25
eV, dissociation has an efficiency of ~27%. Below 10 eV,
vibrational excitation dominates. Contribution of emission
is around 1.2% at 10 keV. Efficiency of attachment process
is ~0.1% at 8 eV and efficiency falls down to negligibly
small values at energies greater than 15 eV. Efficiencies
for various inelastic processes are presented in Fig. 4.
These results will be useful for modeling of aeronomical
processes in the planetary atmospheres where methane is
a significant constituent. The efficiencies can be used to
compute various aeronomical quantities, viz., electron flux,
volume excitation and ionization rates, emission rates, and
finally intensity of the emission.

Figure 3: Yield spectra of CH4 for different incident energies
of the electrons. Red solid curve shows numerical yield spectra
obtained using the model. Analytical yield spectrum (AYS) is
represented by blue dashed curves. To separate the curves for
better clarity, yield spectrum for 10000 eV, 5000 eV, 1000 eV,
100 eV and 50 eV are shown after multiplying with scaling
factors 9000, 1000, 100, 30 and 1, respectively [Bhardwaj and
Mukundan, Planet. Space. Sci., 2015]
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Carlo model. The output of the Monte Carlo simulation
is used to generate a “yield spectra”, which embodied all
the information related to electron degradation process,
and can be used to calculate the “yield” or population for
any inelastic process. The numerical yield spectra have
been fitted analytically resulting in an “Analytical Yield
Spectra” (AYS). Fig. 3 shows numerical yield spectrum
as well as AYS for different incident electron energies.
Mean energy per ion pair and efficiencies for inelastic
processes have been calculated using AYS and as well
as using numerical yield spectra and are found to be in
good agreement. Efficiency means the fraction of incident
energy of the electron which is eventually deposited in a
particular loss channel after the completion of the entire
degradation process.

Figure 4: Efficiencies of various major loss channels obtained
using the AYS [Bhardwaj and Mukundan, Planet. Space. Sci.,
2015]

Solar wind and its interaction with planets &
planetary bodies
Variation in the backscattered Hydrogen ENA flux –
Dependence on lunar surface parameters over SouthPole Aitken Basin
The global observations around the Moon by the SARA
experiment have yielded the albedo of hydrogen ENAs
(Energetic Neutral Atoms) to be ~16% on an average
with variations in the range 8% - 24% depending on the
location on the Moon (Fig. 5). The magnetic anomalies
as well as the surface properties such as topography
(elevation), porosity, roughness, chemical composition,
and extent of weathering can influence the ENA albedo.
Of these, the role of magnetic anomalies in suppressing
the ENA albedo have already been brought out from
SARA observations such that the magnetic anomalies
were found to shield the surface from the solar wind
thereby forming the ‘mini-magnetosphere’, the small
scale magnetospheres on Moon. However, there are
variations observed in the ENA albedo over non-magnetic
regions on Moon and the role of the surface properties in
influencing the ENA albedo has not been known. Using
the data from the CENA sensor of the SARA experiment,
we have investigated the influence of surface properties on
ENA albedo over South Pole Aitken basin on the Moon.
South Pole Aitken basin is a large impact basin of size
2500 km, depth ~12 km, with a highly variable surface
properties and the chemical composition is much different
from the highland terrain (which largely cover the lunar
surface). The crust thickness within the basin is around 15
km, which is much less compared to the average thickness
of lunar crust of around 50 km. The basin possesses
elevated concentrations of iron and thorium, low albedo
and coincides with a cluster of strong magnetic anomalies
located on the northern rim of the basin. Due to these
features and properties, South Pole-Aitken basin serves as
an ideal object for the ENA albedo studies.
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The comparison of the ENA intensity (Fig. 5) with the
topography (Fig. 6a), which seems well constrained by the
ellipse shown in Fig. 6a, did not show any correspondence
with the ENA albedo. The comparison with elemental
composition (Fig. 6b and Fig. 6c) showed that although the
higher abundance of Iron and Thorium (mostly confined
to eastern side) agree with the low ENA albedo feature,
the low-ENA region extends far beyond the elemental
abundance regions towards the North. Thus, the variation
in the elemental abundance also does not seem to be
responsible for the ENA albedo variations. There is a northsouth contrast seen in visible albedo (Fig. 6d), a feature seen
in the ENA albedo also. However, similar to the topography
structure, the low-albedo region is very pronounced in the

eastern region of the ellipse, where a corresponding ENA
feature is not seen. The magnetic field measurements of the
basin (Fig. 6e) showed better correspondence with the ENA
albedo. Thus, apart from the magnetic anomalies which can
account well for the observed ENA depletion at the South
Pole-Aitken basin, none of the surface properties appear to
influence the ENA reflection efficiency. This is indicative
that the ENA albedo is mainly determined by the impinging
plasma flux and ENA imaging of backscattered hydrogen
captures the electrodynamics of the plasma at the surface.
However, the shape of the energy spectra of the ENAs or
the scattering function may weakly depend on the surface
properties and such studies call for ENA instruments with
higher energy and angular resolutions.

Figure 5. ENA albedo maps over the South Pole Aitken basin. (a) ENAs in the low energy range (<30% of the incident solar wind
energy), and (b) ENAs in the high energy range (>30% of the incident solar wind energy). The red polygon shows the approximate
extension of the ENA feature and white ellipse shows the best fit to the topography data. [Vorburger et al.,Planet.Space.Sci., 2015]

Figure 6. Maps of the five major features in the South Pole Aitken basin. (a) Data from Clementine laser altimeter, (b) iron concentration
from gamma ray spectrometer on Lunar Prospector, (c) Thorium concentration from gamma ray spectrometer on Lunar Prospector,
(d) global spectral reflectance mosaic at 750 nm from Clementine, (e) magnetic field at 30 km altitude from Lunar Prospector, and (f)
five regions of interest where in region 1 the ENA feature and the magnetic feature extend beyond the topography feature, in region
2 and 5 the ENA feature and the magnetic field feature coincide with the topography feature, in region 3 the topography feature is
strong, but not the iron, thorium or albedo feature, and in region 4 the topography and the albedo feature are strong, but not the iron
or the thorium feature. In all the panels, the white (gray) ellipse shows the best fit to the topography data, the red polygon describes the
approximate extension of the ENA feature, and the yellow ellipses in panels b and c show the best fits to the respective chemical data
[Vorburger et al., Planet.Space.Sci., 2015]

Plasma Analyser Package for Aditya (PAPA) is one of the
seven payloads selected for the Aditya-L1 mission. PAPA
contains two sensors: Solar Wind Electron Energy Probe
(SWEEP) to measure the solar wind electron flux, and Solar
Wind Ion Composition AnalyseR (SWICAR) to measure
the ion flux and composition as a function of direction and
energy. Both SWEEP and SWICAR are controlled by a
common PAPA Processing Unit (PPU). The Engineering
Model (EM) of the PAPA is under development. The
PAPA engineering design is shown in Fig. 7. The PAPA
payload is being developed in collaboration with the
Avionics entity of VSSC. The developmental status of
PAPA payload is as follows:
a. Mechanical design has been completed and the
fabrication of Electrostatic Analyser is in progress.
b. Engineering model of Front End Electronics
(FEE) successfully realised and interfaced with
MCP detector. Fig. 8 shows the photograph of the
engineering model of PAPA-FEE.

c. Bread-board model of High Voltage Programmable
Power Supply (HVPPS) up to 5 kV is successfully
realised and miniaturization of the same is in
progress.
d. PAPA Processing Unit (PPU) hardware layout for
EM is completed and the fabrication of the PCB is
in progress.
e. Payload testing and calibration facility has been
upgraded for the testing and calibration of EM and
the characterisation of ion and electron sources
completed.
f. Testing and characterisation of MCP and CEM
detectors for the payload is in progress.
Magnetic field measurements onboard Aditya-L1
Mission
Magnetometer for measuring the Interplanetary Magnetic
Field (IMF) at the first Lagrangian point (L1) is included in
the Aditya-L1 mission. SPL is a part of the magnetometer
science team. A fluxgate magnetometer is being developed
by ISRO’s Laboratory for Electro Optic Systems,
Bangalore to measure the interplanetary magnetic field
prevailing around the L1 point. The primary science goal
from this magnetometer is to support the observation
from other scientific payloads, mainly the plasma analyser
and coronagraph. We proposed the observation of long
period plasma waves (Alfven / Magnetosonic waves) as a
secondary science goal from the magnetometer.

Study of planetary neutral atmospheres and
exospheres.

Figure 7: Design of PAPA payload Engineering model

Figure 8: Photograph of the Engineering model of PAPA Front
End Electronics
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On the spatial variation of Lunar exospheric H2 and
Argon: Results from CHACE
Measurements carried out by the Chandra’s Altitudinal
Composition Explorer (CHACE) onboard the Moon
Impact Probe (MIP) of Chandrayaan-1 mission provided
in-situ, high-resolution, measurements of day time lunar
atmosphere over a large spatial area, covering from near the
equator to the polar region and from ~100 km to ground.
Fig. 9 (a-b) shows the observed partial pressures for amu 2
(H2) and amu 40 (Ar), along the MIP trajectory. Fig. 9 (c-d)
shows the calculated number densities for amu 2 and amu
40, along the MIP trajectory, estimated form the observed
partial pressures, using the perfect gas law and the surface
temperature at the corresponding latitude.
Once, the number density along the MIP track is estimated,
the 2-D distribution of the number density is obtained
using the temperature and mass dependent scale height at
each latitude, making use of the basic fact that the Moon
has a Surface Boundary Exosphere (SBE). Fig. 10 (a and
b) shows the 2D maps for H2 and Argon, respectively.

77

PSB

PAPA experiment aboard Aditya-L1 mission

Lunar interior. The absolute number density at the surface
and also the latitude/altitude variation of the densities of
40
Ar that are reported for the first time, also highlight the
complexities of the sunlit lunar atmosphere.
MENCA Experiment aboard the Mars Orbiter Mission

Figure 9: The observed partial pressures for amu 2 (H2) and amu
40 (Ar) (a-b), and the calculated number densities for amu 2 and
amu 40 (c-d), along the MIP trajectory [Thampi et al., Planet.
Space Sci., 2015]

The number densities obtained from CHACE agree
well with the previous estimates, for both the species.
A remarkable feature observed in the 2D maps is the
significant spatial heterogeneity. These are the ‘first’ day
time in-situ measurements of lunar H2 covering the 20°S
to 88°S latitude region centered around 14° E longitude.
A critical examination of the observed spatial features
of the surface number density of H2 vis-à-vis the surface
topography delineated from the Lunar Laser Ranging
Instrument (LLRI) in the Chandrayaan-1, indicates that
lunar surface process may be important in introducing
small scale variations in the H2 number density. Another
constituent which exhibited spatial variation in the
observed partial pressure is 40Ar and based on CHACE
observations it was hypothesized that it is indicative of
the spatial heterogeneity in the radiogenic activity of the

Figure 10: 2-D (latitude versus altitude) maps of the number
densities of H2 (a) and Ar (b) with a pixel size of 1° latitude and
5 km altitude The black line shows the MIP trajectory [Thampi et
al., Planet. Space Sci., 2015]

The Mars Exospheric Neutral Composition Analyser
(MENCA) instrument aboard the Mars Orbiter Mission
(MOM) spacecraft was commissioned in the Martian orbit
on 29 September, 2014, after four days of the Mars Orbit
Insertion (MOI). The high voltage commissioning was
conducted in phased manner in the Mars orbit, which was
completed on 8th October, 2014. Prior to this, MENCA
was operated once (for 1 hour) in the Earth-bound phase
and for 4 times in the heliocentric phase for assessing the
health of the instrument. MENCA has been operational
in the Mars phase both near the peri-apsis and near the
apo-apsis, and the House Keeping (HK) parameters
(temperatures, voltages) of the instrument are within the
allowable ranges. MENCA was operated a few times in
its required configuration with its FOV oriented along the
spacecraft velocity vector (zero roll angle), also called
as constrained observations since it involves change in
orientation of the spacecraft. This specific orientation is
preferred in order to sample the native Martian exospheric
species with maximum efficiency.
The MENCA data have shown certain features during
the constrained observations around the peri-apsis, which
differ from the observations made further away from Mars.
The MENCA observations clearly show the presence of
Martian constituents. The science analysis of the Martian
exospheric data is in progress. Currently the abundances
of species like H2 , N2, CO, and CO2 are being studied.
MENCA Payload Operation Centre (POC) at SPL
The MENCA POC in SPL is responsible for the MENCA
payload operations, monitoring of MENCA health,
handling of MENCA science data as well as ancillary data
sets received at POC from ISSDC (Indian Space Science
Data Center). The payload health is monitored online
as well as offline. Online monitoring is done using the
‘WebSchemacs’ display tool. The offline monitoring is
done using the house keeping (HK) data file. Fig. 11 shows
the plot of relevant HK parameters. Apart from HK files,
the data files received at POC include level-0 science data
files, ephemeris files, schedule files, leve0a data and PDS
data sets. All these files are downloaded, processed and
quick looks are generated. The POC has been responsible
for activities related to MENCA operations during all
the phases of MOM, viz., Earth bound, heliocentric, and
Martian phase including Martian Orbit Insertion (MOI),
as well as during commissioning of MENCA in Martian
orbit, and for the regular observations in Martian phase.
A POC team handles the day-to-day tasks. For effective
time management, codes have been developed to automate

Figure 11: The plot of MENCA housekeeping (HK) parameters
generated at SPL POC for 13 May 2015. (a) various temperatures,
(b) voltages (24 V and 5 V), (c) DC-DC status, and (d) sensor and
electronics temperatures

CHACE-2 will be mounted such that its field-of-view
(FOV) is along the +Roll axis of the spacecraft, which
should be aligned along the spacecraft velocity vector.
The CHACE-2, though being similar to MENCA, has in
addition a shroud around its ionizer section with a provision
to heat if required. Fig. 12 shows the schematic diagram of
the CHACE-2 instrument along with its dimensions.

the daily activities of POC. Once executed, the automation
code will log in to the ISSDC server, fetch the various data
sets, trigger the data processing codes and log the necessary
information. Status reports on MENCA operations and
data reception are generated everyday and circulated
among the team. The POC team interfaces with ISSDC,
ISTRAC (MOM operation), and mission teams.
MENCA Data Archival
Similar to Chandrayaan-1 mission, the data from Mars
Orbiter Mission are also archived as per the Planetary Data
System (PDS) standards. The archival of MENCA data is
a joint activity between MENCA archival team of SPL and
SAC, Ahmedabad. SPL archival team has developed an
automated pipeline which uses the MENCA space packet
data files provided from ISSDC as the input. The pipeline
generates the intermediate data files known as ‘level0a’
data along with the product context file which contains
necessary information about the data. This pipeline has
been successfully installed in ISSDC and tested. The
level0a data, and the product context files are used by the
PDS archive pipeline to produce the PDS data products
for MENCA payload. The level0a software has been
successfully interfaced with PDS Archive Pipeline and
active archived products for each MENCA observations
are getting generated in the Martian phase in automated
manner.
Development of CHACE-2 Payload for Chandrayaan-2
Orbiter
The CHandra’s Atmospheric Composition Explorer-2
(CHACE-2) is a quadrupole mass spectrometer
based experiment, meant to study the Lunar neutral
exosphere from a circular polar orbit of 100 km onboard
Chandrayaan-2 Orbiter. The instrument is similar to
MENCA aboard the Mars Orbiter Mission.
SPL Annual Report: 2014-15

Figure 12: Schematic diagram of the CHACE-2 instrument

The engineering model (EM) of CHACE-2 is under
development. The sensor probe of the CHACE-2 EM
is characterized in ultra high vacuum. The delta-PDR
(Preliminary Design Review) of CHACE-2 is completed
on 23 December 2014 and its review along with the overall
spacecraft PDR is completed on 20 May 2015.
Characterization of the CHACE-2 EM Sensor
The sensor probe of the CHACE-2 EM is characterized in
the total pressure range of 4×10-8 to 9×10-9 Torr at SPL and
the results are presented below.
The gain of the CEM detector depends on the mass of the
incident ion and the bias voltage (V). The variation of the
Channel Electron Multiplier (CEM) gain with ion mass
and bias voltage is studied experimentally and is shown
in Fig. 13.
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CHACE-2 comprises a sensor and its electronics. The sensor
consists of an electron impact ionizer for the ionization of
the ambient neutrals, a Quadrupole Mass Analyser (QMA)
for mass filtering of the ions, and a detector assembly to
detect the mass-filtered ions. CHACE-2 is equipped with
a Faraday Cup and a Channel Electron Multiplier (CEM)
detector, and work in mass range 1-300 amu with unit
mass resolution. It also has a Bayard Alpert Gauge which
provide the total pressure.

Figure 13: Variation of the Gain of the Channel Electron
Multiplier of the CHACE-2 EM with ion mass with the bias
voltage as the parameter

Figure 14: Variation of the CEM output current for amu 28 as a
function of the CEM bias voltage

The mass-discrimination during the transmission of
different species through the quadrupole mass analyser due
to the fringing electric fields at the entrance of the QMA
filter is also characterised with respect to the experimental
and theoretical spectra of water vapour and PerFluoro Tri
Butyl Amine (PFTBA). Fig. 14 shows the variation of the
CEM output current for amu 28 at different bias voltages.
It shows that the gain of the CEM starts saturating at higher
bias voltages and hence the SNR for a detected species
does not increase monotonically with the bias voltage.
Fig. 15 presents the variation of the SNR of amu 28 as a
function of the CEM bias voltage. It shows a non-monotonic
behavior owing to the saturation of the CEM gain and the
increase of the shot noise at higher bias voltages.

Augmentation of
Simulation Facility

High

Vacuum

Space

Characterisation of Ion and Electron Sources
High Vacuum Space Simulation Facility (HVSSF) of
SPL is now equipped with the low energy electron source
(5 eV to 2 keV) working on the principle of thermionic
emission and ion source (30 eV to 1 keV) working on the
principle of electron impact ionisation. These sources are
used to generate electron and ion beams required for the
development, testing and calibration of low energy plasma
analysers. Both the sources are characterised under high
vacuum (1×10-7 mbar) conditions to understand their
optimum performance. For the generation of ion beam
Argon (Ar) gas was used. The data were recorded using
data acquisition system. Major source characteristics
such as the response of source with change in emission
potential, beam energy and the variations in current output
were determined and optimised by set of experiments.
Beam divergence was determined for both ion and electron
sources. A custom made external Faraday Cup (FC) of
diameter 5.5 cm and height 5 cm was used as the detector
for characterizing both the sources. For the electron source

Figure 15: Variation of the SNR of amu 28 with CEM bias
Voltage

an inbuilt Faraday cup was also used for cross verification
of the output. Faraday Cup was mounted in a movable
mechanical feedthrough connected to one of the detector
ports in the chamber. Faraday Cups are not as sensitive as
electron multiplier detectors, but they have high accuracy
because of the direct relation between the measured current
and number of ions. The beam current, beam divergence,
and the beam flux and number density were studied to
understand the response of both the sources.
The response of beam current for varying distances of
detector from the mouth of both electron and ion source
was carried out with the help of mechanical feedthrough.
For various beam energy levels of the electron and ion
beams the FC was moved towards and away from the
electron source at equal intervals. This experiment is
important in order to study about the output beam current
profile with variable detector distance to know at what
distance and energy level the maximum beam current is
obtained. Figure 16 shows the photograph of the test setup

Detector Characterisation

Figure 16: Photograph of the test setup for characterisation of
sources at HVSSF

used for performing the experiments.
Set of experiments were carried out to know the beam
profiles and the beam divergences for different energy
levels of the beams and its corresponding output at variable
distances. The beams were deflected in both positive and
negative X and Y directions using inbuilt deflection plate
voltages. The maximum X and Y voltage limits for electron
beam is -150 V to +150 V and it is -200 V to +200 V
for the ion source. Experiments were carried out for proper
understanding of the parameters of electron source, like
focus voltage, 1st anode voltage and grid voltage.

Three major characteristics such as the dark count, pulse
height resolution and the gain of the 40 mm chevron
type MCP was carried out to understand its optimum
performance. Dark count of MCP can be estimated by
biasing the MCP for varying front plate voltage. Anode
voltage is kept constant at +300 V. The number of output
pulses from the MCP was counted using a dual counter/
timer module. The front plate bias can be varied till
-2000 V. Dark count can be calculated from the results
obtained. A121 is a hybrid charge sensitive preamplifierdiscriminator designed for use in fast pulse counting mode
with micro channel plates, channel electron multipliers,
low gain photomultiplier tubes, proportional counters and
solid state detectors.

A typical 3D beam profile generated using the X and Y
deflection voltages at 500 eV is shown in Fig. 17 and it
shows a Gaussian nature with less broadening revealing
that the beam is circular with less asymmetry and the beam
current is maximum at the centre.
The electron beam current density was estimated for the
beam energy level at 500 eV and it showed a value of 6.945
x10-4A/m2 and corresponding number density was 3.28
x108 electrons/m3.

Figure 17: Three Dimensional beam profile of electron source
at 500 eV
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Figure 18: Ion counts per second with respect to different bias
voltages of MCP

Pulse height distribution of MCP was carried out for
different front plate voltages which are varied from -1700
V to -2000 V, by keeping anode voltage constant (+300
V). Single channel analyser was kept in INTEGRAL mode
with a voltage setting of 200 mV. The threshold level of
A121 was adjusted from 0 to 5 V. The counter counts
the output pulses at different threshold level for each
bias voltage. The threshold voltage versus the number
of counts graph is plotted and corresponding amplitude
and threshold levels are correlated. Full Width at Half
Maximum (FWHM) of the pulse height distribution was
estimated from the plot to find the Pulse height resolution.
Fig. 18 shows the ion counts per second with respect to the
different bias voltages of MCP.
MCP Anode voltage was biased for 300 V and the front
plate of MCP was biased for a voltage range from 1.2 kV
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In case of ion source, the beam divergence at 500 eV beam
energy shows a better Gaussian distribution compared to
other energy levels. This is because the beam diameter at
this energy level is almost matching with the diameter of
the detector. The ion beam flux was calculated for the beam
energy level of 500 eV. Estimation of these parameters was
based on the assumption of single ionisation of neutrals
inside the source. The ion beam current density was
estimated to be 1.45 x10-3A/m2 and the total ion number
density was 1.849 x1011 ions/m3.

Figure 20: Geometrical structure of the newly proposed
Langmuir probe
Figure 19: Pulse Height Distribution for various MCP bias
voltages

to 2 kV. The number of counts was taken for 100 sec each.
Dark count at 2000 V= 2.65 cts/sec/cm² ≈ 3 cts/sec/cm².
Pulse Height Distribution for different MCP bias voltages
are plotted and shown in Fig. 19. Gaussian distribution of
the same was obtained as expected and the broadening of the
distribution was observed with respect to the applied bias
voltage. It can be seen that as the bias voltage is increased
the peaks shift to right and their FWHM increased whereas
their amplitude decreased. The pulse height resolution was
estimated as 138% and the detector gain at 2 kV bias was
4.1 x105.

source and is used to collect electrons from the source in
two configurations – horizontal, when the LP was placed
horizontally along its length with semi-hemisphere facing
the electron source and vertical when the LP was standing
upright with the cylindrical portion facing the electron
source as shown in Fig. 21.

Design of a new Langmuir probe
The normal shape of a Langmuir probe (LP) used in space
missions is spherical. Based on the simulations carried out
using the SIMION software, a new geometry of LP where
the probe is cylindrical in shape with semi-hemisphere on
the two sides of the cylinder to maximize the surface area
available for collection of plasma current by the charged
particle when immersed in the plasma. To reduce the mass
and volume it is proposed that the single LP can be divided
in to 3 separate isolated units, as shown in Fig. 20, each
of which can be used separately for 3 different modes of
operations.
The first mode is the sweep mode where the bias voltage
on the LP is swept from a negative value (to collect ions)
to a positive value to collect (electrons). The second mode
is fixed bias mode where a fixed positive voltage is applied
on the LP in order to collect the electron saturation current
to estimate the electron plasma density continuously. The
third mode is floating LP mode which is used to estimate
the spacecraft charging. In this newly designed LP, the two
larger surfaces can be used for sweep and fixed bias mode
whereas the top smaller surface can be used for floating
mode.
The prototype of this newly designed LP is fabricated as a
complete conducting surface without any compartment, to
evaluate the primitive performance with the variable energy
(1 eV – 2 keV) electron source installed in the HVSSF.
This LP is installed in the port opposite to the electron

Figure 21: LP (Miniature prototype) in vertical (top) and
horizontal (bottom) position as installed in the HVSSF

The electron current collected by LP with distance from
the electron source and variable electron energy is shown
in Fig. 22. When the electron energy is increased to 10 eV
from 5 eV, the secondary electron emission (SEE) from
the probe starts (SS work function ≈ 4.5 eV) reducing the
current. On increasing the distance from source, the loss in
electron energy due to collision with neutrals checks the
SEE to increase the collection current.

Scientific proposals are submitted to ISRO-HQ for the
STARP programme under Theme 1: Solar System Science
& Variabilities (SolSVar); Sub-theme (a) Sun and its
internal processes, solar wind, solar electromagnetic
emission & Variabilities and Theme 2: Solar Magnetosphere
Atmosphere Connection (SMAC); the magnetosphere
& its response to solar processes. Proposals “The Venus
Magnetic Field”; and “Plasma Waves in the Ionosphere of
Venus” are submitted for future Venus mission.

Future Projections

Figure 22: Probe current collected at various distances from the
electrons source when the electron energy is in range of 0-100 eV
with LP in vertical configuration.

During the initial characterization of this LP in HVSSF
following observations are made:
•

With the 5 eV electron beam energy, SEE starts
from LP and the current signal acquired on the
oscilloscope shows a positive pulse.

•

At a distance far off from the electron source,
Earth’s magnetic field deflected the particles away
from the LP.

The immediate future goals are the development of QM
and FM of CHACE-2 payload of Chandrayaan-2 orbiter
mission and the EM and QM of the PAPA payload for
Aditya-L1 mission. The observations from MENCA
payload onboard MOM will be continued in different
modes and the analysis of the data for bringing out science
results. Investigation on the velocity distribution of the
protons observed in the near-lunar wake region and global
map of lunar surface scattered solar wind protons are
being attempted using the data from SARA experiment
on Chandrayaan-1 mission. Development of an electron
energy degradation model for Xenon gas is in progress.
Results from GMRT radio observation of Jupiter in
coordination with IR observation from NASA-IRTF are
being consolidated. The High Vacuum Space Simulation
Facility (HVSSF) will be augmented with new subsystems
to cater to the needs of developing multiple payloads
simultaneously.
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565-573, doi:10.1016/j.actaastro.2014.07.011, 2014.
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Proposal Submitted for various future programs and
missions of ISRO

7. McKenna-Lawlor, S., A. Bhardwaj, F. Ferrari, N. Kuznetsov, A.K. Lal, Y. Li, A. Nagamatsu, R. Nymmik,
M. Panasyuk, V. Petrov, G. Reitz, L. Pinsky, S.M. Shukor, A.K. Singhvi, U. Straube, L. Tomi, T. Lawrence,
“Recommendations to mitigate against Human health risks incurred due to energetic particle irradiation beyond
low earth orbit/ BLEO”, Acta Astronautica, 109, 182–193, doi:10.1016/j.actaastro.2014.11.0 09, 2015.
8. Thampi, S. V., R. Sridharan, T. P. Das, S. M. Ahmed, J. A. Kamalakar, and A. Bhardwaj, “The spatial distribution
of molecular hydrogen in the lunar atmosphere –New results”, Planetary and Space Science, 106, 142–147,
doi:10.1016/j. pss.2014.12.018, 2015.
9. Vorburger, A., P. Wurz, S. Barabash, M. Wieser, Y.Futaana, A. Bhardwaj, K. Asamura, “Imaging the South
Pole-Aitken basin in backscattered neutral hydrogen atoms”, Planetary and Space Science, doi:10.1016/j.
pss.2015.02.007, 2015.
Publications in Proceedings
1. Anil Bhardwaj, and MENCA team, “MENCA”, Signatures (Newsletter of the Indian Society of Remote SensingAhmedabad Chapter), 23 (4), 87–92, November – December 2014.
Scientific / Technical Report
1. Ajay Kumar Prashar, M.B. Dhanya, S. Manthira Moorthi, “MENCA PDS Data Archive Pipeline Software Interface
Control Document [ICD] version 1.3”, August 2014
2. Dhanya M.B and MENCA POC Team, “MENCA Payload Operations Center: Operations and Data Handling”,
PR-MENCA-POC-V2.2, February 2015

Presentations in Meetings / Symposia / Conferences
International
1. Lue, C., Y. Futaana, S. Barabash, M. Wieser, A. Bhardwaj, P. Wurz, “Backscattered solar wind from the Moon:
Positive charge fraction as a function of solar wind speed”, 11th AOGS Meeting, Sapporo, Japan, July 28 – August
02, 2014 [AOGS-2014 Best Student Poster Award].
2. Futaana, Y., S. Barabash, M. Wieser, C. Lue, P. Wurz, A. Bhardwaj, K. Asamura, “Backscattered energetic neutral
atoms from the Moon: Enigmatic energy spectrum and the application”, 11th AOGS Meeting, Sapporo, Japan,
July 28 – August 02, 2014.
3. Jain, S. K., and A. Bhardwaj, “Modelling of visible and ultraviolet dayglow emissions on Venus and Mars”, 11th
AOGS Meeting, Sapporo, Japan, July 28 – August 02, 2014.
4. Bhardwaj, A., “Indian Mars Orbiter Mission”, 40th COSPAR Scientific Assembly, Moscow, Russia, August 02–
10, 2014.
5. M. B. Dhanya, A. Bhardwaj, A. Alok, Y. Futaana, S. Fatemi, M. Holmström, S. Barabash, M. Wieser, P. Wurz,
and R. S. Thampi, “Investigation of Lunar plasma environment with the SWIM/SARA on Chandrayaan-1”, 40th
COSPAR Scientific Assembly, Moscow, Russia, August 02–10, 2014.
6. Jain, S. K., and A. Bhardwaj, “Modelling of ultraviolet and visible dayglow emissions on Venus”, 40th COSPAR
Scientific Assembly, Moscow, Russia, August 02–10, 2014.
7. Raghuram, S., and A. Bhardwaj, “Modelling of atomic oxygen visible emissions from comets”, 40th COSPAR
Scientific Assembly, Moscow, Russia, August 02–10, 2014.
8. Futaana, Y., S. Barabash, M. Wieser, A. Bhardwaj, P. Wurz, “Energetic neutral atoms from the Moon: Populations,
physics, applications, and the future”, 40th COSPAR Scientific Assembly, Moscow, Russia, August 02 – 10, 2014.
9. Jain, S. K., and A. Bhardwaj, “Modelling of N2 Vegard-Kaplan and LBH emissions in the planetary atmospheres”,
40th COSPAR Scientific Assembly, Moscow, Russia, August 02 – 10, 2014.

11. Harada, Y., Y. Futaana, S. Barabash, M. Wieser, P. Wurz, A. Bhardwaj, K. Asamura, Y. Saito, S. Yokota, H.
Tsunakawa, S. Machida, “Mini-magnetospheres at the Moon in the solar wind and the Earth’s plasma sheet”, AGU
Fall Meeting, San Fransisco, USA, December 15 – 19, 2014.
12. Vorburger, A., P. Wurz, S. Barabash, M. Wieser, Y. Futaana, A. Bhardwaj, and K. Asamura, “Imaging the south
pole Aitken Basin in backscattered energetic neutral hydrogen atoms”, European Geosciences Union General
Assembly 2015, Vienna, Austria, April 12–17, 2015.
13. Lue, C., Y. Futaana, Y. Saito, M. Nishino, S. Barabash, M. Wieser, K. Asamura, A. Bhardwaj, and P. Wurz, Solar
wind backscattering from the Moon in the terrestrial magnetosheath - Joint observations by Chandrayaan-1 and
Kaguya, European Geosciences Union General Assembly 2015, Vienna, Austria, April 12–17, 2015.
14. Kita, H., H. Misawa, A. Bhardwaj, F. Tsuchiya, C. Tao, Y. Miyoshi, G. Murakami, T. Sakanoi, Y. Kasaba, Study
on short term variation in spatial distribution of Jovian radiation belt using radio interferometer and HISAKI,
Magnetospheres of the Outer Planets 2015, Georgia Institute of Technology, Atlanta, USA, June 1–5, 2015.
National
1. Dhanya, M. B., “MENCA calibration, data analysis tools and data archival”, Workshop on “Mars Orbiter MissionData Analysis and Science Plans”, Physical Research Laboratory, Ahmedabad, Gujarat, August 20 – 21, 2014.
2. Mukundan, V., and Anil Bhardwaj, “Monte Carlo model for electron degradation in methane gas”, 20th National
Conference on Atomic and Molecular Physics (NCAMP–XX), Indian Institute of Science and Technology,
Thiruvananthapuram, December 09 – 12, 2014.
3. Dhanya, M. B., “Solar wind interaction with Moon: Observation of protons in lunar wake during magnetic aligned
flow by SARA aboard Chandrayaan-1 Mission”, 29th National Symposium on Plasma Science and Technology,
Mahatma Gandhi University, Kottayam, Kerala, December 08 – 11, 2014.
4. Dhanya, M. B., “New population of protons in lunar wake: discovery by Chandrayaan-1/SARA”, 27th Kerala
Science Congress, Alapuzha, Kerala, January 27 – 29, 2015.
5. Yadav, V. K. (on behalf of the Science Team), “Science from magnetic field measurements onboard Aditya-L1
spacecraft”, Meeting for the development of Magnetometer for Aditya-L1 Mission, ISRO HQ, Bangalore, January
22, 2015.
6. Mohan, N., S. Roy, G. Swarup, D. Oberoi, N. Mohan, C. S. Raju, and A. Bhardwaj, “Radio observation of Venus
at meter wavelength using GMRT”, 33rd Meeting of the Astronomical Society of India, NCRA-TIFR, Pune,
February 17 – 20, 2015.

Deputations
International
1. Anil Bhardwaj, 11th Annual AOGS Meeting, Sapporo, Japan, July 28 – August 1, 2014.
2. Anil Bhardwaj, 40th COSPAR Scientific Assembly, Moscow State University, Moscow, Russia, August 2 – 10,
2014
3. Dhanya M. B ; 40th COSPAR Scientific Assembly, Moscow State University, Moscow, Russia, August 2 – 10,
2014
National
1. Satheesh Thampi R and Vipin K Yadav, Aditya-L1 Mission Science Review Meeting, ISRO Satellite Centre
(ISAC), Bangalore, January 24, 2014.
2. Dhanya M. B, Workshop on “Mars Orbiter Mission-Data Analysis and Science Plans”, Physical Research
Laboratory, Ahmedabad, Gujarat, August 20 – 21, 2014.

SPL Annual Report: 2014-15

85

PSB

10. Haider S. A, A. Bhardwaj, R. P. Singh, P. Chauhan, M. Viswanathan, “Science and exploration of Indian Mars
Mission”, 40th COSPAR Scientific Assembly, Moscow, Russia, August 02 – 10, 2014.

3. Satheesh Thampi R and Vipin K Yadav, Aditya-L1 Mission Payload Mechanical & Thermal Review Meeting,
ISRO Satellite Centre (ISAC), Bangalore, September 19, 2014.
4. Supriya G and M. B. Dhanya, “ADCOS Meeting on MOM Status Review”, ISRO HQ, Bangalore; October 13,
2014.
5. Anil Bhardwaj and R. Satheesh Thampi, “STARP Proposal Review Meeting”, ISRO HQ, Bangalore, November
4, 2014.
6. Vipin K. Yadav, 2nd Venus Workshop; National Geophysical Research Institute, Hyderabad, Telangana, October
28 – 29, 2014.
7. Dhanya M. B. and Vipin K. Yadav, 29th National Symposium on Plasma Science and Technology, Mahatma
Gandhi University, Kottayam, Kerala, December 08 – 11, 2014.
8. Vipin K. Yadav, Meeting for the Development of Magnetometer for Aditya-L1 Mission, ISRO HQ, Bangalore,
January 22, 2015.
9. Dhanya M. B. , 27th Kerala Science Congress, Alapuzha, Kerala, January 27 – 29, 2015.

Chief Guest at Functions
Anil Bhardwaj

1. Techno-Cultural Festival (RITU’15), Rajeev Gandhi Institute of Technology, Kottayam, Kerala; February 25,
2015.
2. National Seminar on Advances in Space Sciences and Space Missions, NSS Hindu College, Changanacherry,
Kerala, March 11, 2015.
3. National Technology Day, KSCSTE and CWRDM, Kozhikode, Kerala; May 11, 2015.

Distinguished Talks / Colloquium
Anil Bhardwaj

1. Amelthea-2014 Conclave Lecture, Indian Institute of Technology, Gandhinagar, Gujarat, October 12, 2014.
2. Foundation Day Lecture of National Institute of Interdisciplinary Science and Technology, Thiruvananthapuram,
October 15, 2014.
3. Colloquium, Tata Institute of Fundamental Research, Mumbai, January 7, 2015.
4. Convocation Week Lecture, Lucknow University, Lucknow, January17, 2015.
5. National Technology Day Oration organized by KSCSTE and CWRDM, Kozhikode, May 11, 2015.

Invited Talks / Lectures
Anil Bhardwaj

1. “Indian Mars Orbiter Mission”, Skype talk, 6th Alfven Conference, University College London (UCL), London,
UK, July 8, 2014.
2. “Indian Mars Obiter Mission”, 40th COSPAR Scientific Assembly, Moscow, Russia, August 8, 2014.
3. “Indian Mars Orbiter Mission”, Comet Siding Spring Workshop, John Hopkins University, APL, USA, August 11,
2014.
4. “Indian Mars Orbiter Mission”, JPL comet C/2013 A1 Siding Spring Workshop, Jet Propulsion Laboratory,
Pasadena, USA, September 19, 2014.
5. “Atmosphere of Mars”, PLANEX Workshop, PRL, Ahmedabad, January 6, 2015.
6. “Solar System”, Technical and Administrative ISRO STP, VSSC, Thiruvananthapuram, January 13, 2015.
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8. Lectures on “Planetary and Solar System” and “Indian Planetary Missions”, Students of International Earth
Science Olympiad, Anna University, Chennai, May 21, 2015.
Satheesh Thampi R

1. “Planetary Science”; Silver Jubilee Celebrations – Saint Xavier’s College, Thiruvananthapuram, Kerala, October
29, 2014.
Vipin K Yadav

1. “Venus Plasma Environment & Waves”, 2nd Venus Workshop; National Geophysical Research Institute,
Hyderabad, October 28 – 29, 2014.
2. “Plasma Waves Beyond the Solar System”; 29th National Symposium on Plasma Science and Technology,
Mahatma Gandhi University, Kottayam, Kerala; December 08 – 11, 2014.
Public Outreach Lectures
Anil Bhardwaj

1. “Indian MOM”, Kendriya Vidyalaya Air Force Station, Akkulam, Thiruvananthapuram, Kerala, October 18,
2014.
2. “Indian Mars Orbiter Mission”, NIIST, Thiruvananthapuram, Kerala, December 29, 2014.
3. “Indian Planetary Missions”; Public Lecture of the 33rd Meeting of the Astronomical Society of India, Fergusson
College, Pune, Maharashtra, February 18, 2015.
4. “Indian Mars Mission”, Rajeev Gandhi Institute of Technology, Kottayam, Kerala, February 25, 2015.
5. Interaction with School students, World Space Week Celebrations, VSSC, Thiruvananthapuram, Kerala; October
8, 2014.
Dhanya M B

1. “The first Indian Mars Orbiter Mission”, Cafe Scientifique session on Women in Science and Technology (in
connection with International Women’s Day), organized by Alliance Française de Trivandrum, March 12, 2015.
Convening of Scientific Sessions
Anil Bhardwaj

1. Member, Science Organizing Committee, International Workshop on Instrumentation for Planetary Missions,
NASA-GSFC, Greenbelt, Maryland, USA, November 4–7, 2014.
2. Judge, Best student poster paper award, 11th AOGS Annual Meeting, Sapporo, Japan, 28 July – 1 Aug, 2014.
3. Co-Convener, Session PS05 “Solar Wind Interaction with Planetary Environments”, 12th AOGS Annual Meeting,
Singapore, August 2 – 7, 2015.
4. Co-Convener, Session PS08 “Outer Planets and Their Exoplanetary Analogs”, 12th AOGS Annual Meeting,
Singapore, August 2 – 7, 2015.
5. Co-Convener, Session PS09 “Future and Current Space Missions and Instrumentation for Space and Planetary
Science”, 11th AOGS Annual Meeting, Singapore, August 2 – 7, 2015.
6. Co-Convener, Session PS12 “Science and Exploration of the Moon”, 11th AOGS Annual Meeting, Singapore,
August 2 – 7, 2015.
Satheesh Thampi R

1. Judge, Poster Session, 20th National Conference on Atomic & Molecular Physics, Indian Institute of Science &
Technology, Thiruvananthapuram, December 09 – 12, 2014.
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7. “Indian Mars Orbiter Mission”, National Seminar on Space Sciences and Space Missions, NSS Hindu College,
Changanacherry, Kerala, March 11–13, 2015.

2. Session Chair, 20th National Conference on Atomic & Molecular Physics, Indian Institute of Science and
Technology, Thiruvananthapuram, December 09–12, 2014.
Vipin K. Yadav

1. Judge, Poster Session, Plasma Processing & Nuclear Fusion; 29th National Symposium on Plasma Science &
Technology; Mahatma Gandhi University, Kottayam; December 08 – 11, 2014.
Dhanya M B

1. Session chair: Scientific event B0.1: Lunar Science and Exploration, 40th COSPAR Scientific Assembly, Moscow
State University, Moscow, Russia, August 02 – 10, 2014.

Trainings Undergone
1. Supriya G, “In-house Training on MATLAB”; HRDD, VSSC, Thiruvananthapuram, Kerala; December 7-10,
2014.
2. Satheesh Thampi R and Vipin K. Yadav, “MATLAB Seminar on Technical Computing, Design & Development
of Signal Processing and Communication Systems by MathWorks India”; SPL, VSSC, Thiruvananthapuram,
Kerala; March 26, 2015.
3. Dhanya M. B, “One day workshop on Data Analytics using R Language” organized by the Computer Society of
India, Trivandrum Chapter; March 28, 2015.
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ATD

A T M O S H P H E R E T E C H N O LO G Y D I V I S I O N

Atmosphere Technology Division (ATD) is engaged in the design and
development of experiments, techniques and payloads to meet the
requirements of scientific research activities at SPL. ATD also undertakes
operation and maintenance of ground based experiments, networked
stations and payload operation centres. Technical support for in-house
fabrication is provided by mechanical workshop and CADD facility. The
Space Borne Instrumentation Section of ATD is involved in the design,
development and testing of the scientific payloads flown in sounding
rockets and the ground checkout systems for the satellite payloads from
SPL.

Engineers
Mohankumar S V
Sreelatha P
Pradeepkumar P
Tirtha Pratim Das
Shajahan M
Dinakar Prasad Vajja
Neha Naik
Manikantan Nair N
Pramod P P
Mohammed Nazeer M
Rosmy John
Lali P T
Ajeeshkumar P S

Technical Team
Asoka Kumar G S
Uttam S Purty
Anumod P G
Satheeshkumar B
Aneesh A N
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Development of Payloads
CHACE-2 for Chandrayaan-2 Orbiter Mission
The CHandra’s Atmospheric Composition Explorer-2
(CHACE-2) payload will fly aboard the Orbiter of
Chandrayaan-2. The science objective and scope of
experiment are detailed in the section on PSB.The status
on the development of CHACE-2 are reported here.
The new configuration, with respect to MENCA, has a
metallic shroud aorund the ionizer section, which is aimed
to protect the instrument by keeping it warm when the
payload is not active. Fig 1 shows the pictorial view of
the shroud, which is composed of two concentric cylinders.

language for the microcontroller embedded in FPGA.
The software controls entire operation of the payload.
It initializes the Payload Command and Control Unit
(PCCU) by sending the necessary commands in packets
for the data acquisition and then transfers the acquired data
to spacecraft through MIL-STD-1553 interface. It receives
telecommands, processes and accordingly loads the new
set of operating parameter set to the PCCU for payload
operation in different configurations. It also updates status
of the PCCU communication through telemetry.
Checkout System
The checkout system for CHACE-2 is being developed
with a standard checkout system based on PXI platform,
which processes the TM and science data obtained from
the payload and displays them online. During laboratory
tests, the onboard operational mode of the instrument can
be modified by sending commands from the checkout
system, in either manual or time tagged mode and a history
of these commands is also logged in.
ChaSTE for Chandrayaan-2 lander

Figure 1: Schematic diagram of the shroud of CHACE-2
(Courtesy: CSL/AVN/VSSC)

Onboard System for CHACE Operation and Telemetry
(OSCOT)
The onboard system for CHACE Operation and Telemetry
(OSCOT) based on a space qualified FPGA is being
developed to perform all functions of the instrument.
Spacecraft interface is implemented by MIL STD 1553
hardware and protocol. This standard interface with
redundancy is able to handle all the interface functions
with reduced hardware and high data transfer capacity.
The preliminary circuit design for OSCOT has been
completed. A processor implemented inside FPGA is
designed for the operation of payload. It supports four major
independent and simultaneous functions, viz., to handle
and process both telemetry & tele-command, to control
the instrument, to acquire science data, and to transfer the
science data to the spacecraft BDH. Development of a test
system with MIL-STD-1553 bus to simulate spacecraft
interfaces for the CHACE-2 payload has been initiated.
The Engineering Model (EM) version of the CHACE-2
Integrated Software for Data Acquisition, Telecommand
and Telemetry (CISDAT) is being developed in assembly
SPL
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The Chandra’s Surface Thermophysical Experiment
(ChaSTE) is one of the selected payloads for the Lander
of Chandrayaan-2 mission. It consists of a thermal probe
which will be inserted into lunar surface by an appropriate
deployment mechanism. The associated electronics
package performs the functionalities of controlling the
deployment, probe insertion, data acquisition from a set
of sensors mounted on the probe and interface with the
spacecraft. The payload will be deployed into lunar surface
after the landing operation of the Chandrayaan-2 Lander is
completed.
Onboard Electronics
The Engineering Model of the onboard system is under
development. The main objective of the system is to
measure temperature in the first 10 cm of regolith from
lunar surface with a precision of +/- 0.1 deg C by using
eight RTD sensors and to measure thermal conductivity
of regolith. The overall block diagram of the payload
electronics system is shown in Fig. 2. This addresses the
following major functions:
(i)

Driving BLDC motor for probe insertion by
receiving telecommand from the Lander

(ii)

Acquiring digitized RTD sensors data from frontend electronics

(iii)

Transferring acquired data to spacecraft by
synchronous serial CMOS interface

(iv)

Making probe heater element ON or OFF by
receiving telecommand from the Lander

(v)

Generating Telemetry (TM) for status of payload
operations
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Figure 2: Block diagram of ChASTE onboard payload electronics

Onboard Software
The software required for the operation of onboard system
of the ChaSTE payload is being developed in assembly
language of microcontroller. The software is stored
in PROM. The microcontroller of the onboard system
executes the software from PROM. This software performs
the functions of controlling the motor for probe insertion,
acquiring science data and interfacing with spacecraft for
telemetry, telecommand and data transfer operations.

pin male connector for TC, TM and BDH interfaces with
the onboard system. It has a 9 pin D type male connector
for the power interface and a 9 pin D type female connector
for interfacing with the checkout software in PC. The
checkout hardware shown in Fig. 3 is built around PIC
microcontrollers with associated circuit elements.

Checkout system
The checkout system for the ChaSTE payload is developed
to simulate the various TC, TM and BDH interfaces of the
onboard system of the payload and test its full functionality.
It is also possible to simulate possible errors using this
checkout system to test the error handling capabilities of
the onboard system. The checkout system has three major
components.
■ Checkout system hardware
The TC and the BDH interfaces of the onboard system
are serial CMOS, three line interfaces. The TM is through
analog interfaces. All these interfaces are provided through
a single 26 pin high density female connector in the onboard
system. The checkout hardware has the corresponding 26
SPL Annual Report: 2014-15

Figure 3: ChaSTE payload checkout system hardware.
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■ Checkout system firmware
The checkout system firmware residing in the PIC
microcontrollers controls the overall functionality of the
checkout hardware. The major functions of the firmware
are:
•

Acquire the analog telemetry data from the nine TM
channels at 1 Hz, digitize using on-chip ADC and
transmit to PC using RS 232 serial interface.

•

Acquire the BDH data on interrupt basis and send it to
PC through RS 232.

•

The TC is also an interrupt driven interface which is
saved immediately and acknowledged after execution.

together. The user can select the online plotting of data by
a button “plot”. The software also saves the analog TM,
TC and the BDH data in both raw and converted form into
text files for further processing and scientific analysis. A
screenshot of the output screen of the checkout software is
shown in Fig. 4.
RAMBHA-LP for Chandrayaan-2 lander
The Radio Anatomy of Moon Bound Hypersensitive
Atmosphere and ionosphere (RAMBHA) payload shortlisted
for Chandrayaan-2 Lander mission, aims at providing a
comprehensive understanding of the lunar plasma environment.
A Langmuir Probe is used for in situ measurements of ambient
electrons, ions, plasma temperature and their variations.

Figure 4: Front panel of ChaSTE payload checkout system software

■ Checkout system software
The checkout software for ChaSTE payload is a GUI
designed in Visual Basic. It has a RS 232 serial interface
to the checkout hardware. The pulse TCs are listed as
buttons on the front panel from which user can select the
desired TC. The analog telemetry data which is received in
digital format are converted back to analog values and are
displayed on the front panel in an array. The BDH data is
received in digital form with header and checksum by the
checkout software. The software checks the integrity of the
data by verifying the header bytes and the checksum. The
science data are converted to actual temperature values by
the checkout software and are displayed on the screen in
an array.
The checkout software envisages a feature of online
plotting of the science data for all the eight channels
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RAMBHA-LP FEE
A proto model of Langmuir Probe (LP) Front End
Electronics (FEE) has been developed and is under testing,
which measures at present currents of the order of few nano
amperes to few microamperes. It consists of the bias voltage
generating circuit for the probe and the signal conditioning
and data acquisition circuit. This proto model was tested
without the sensor probe in lab and in that case, the signal
generated by the DAC is fed as input to the ADC through
two different gain channels (gain channel 1 and 100). The
digital data in hex is sent to PC through RS 232 interface.
This hex data is converted using a LabVIEW program to
analog voltages and are plotted. The data sampling time is
fixed at 2 ms and the voltage steps are kept fixed as 0.1 V.
A plot for output data from the ADC is shown in Fig. 5.

ATD
Figure 5: Plot of the ADC output data

Onboard Electronics
The preliminary design of the Onboard System for
RAMBHA-LP payload has been completed. This Onboard
System is designed based on a space qualified DSP with
heritage in MENCA payload in Mars Orbiter Mission.

Sounding Rocket Experiment (SOUREX)
Programme
With the positive scientific outcome from the Sooryagrahan
2010 flights, which had a series of sounding rocket launches
with an innovative payload, ENWi (Electron density and
Neutral Wind), SPL has proposed the SOUREX programme
for ionospheric studies. This involves launch of RH 300
and RH 560 sounding rockets with the scientific payloads
in a phased manner. The first flight is scheduled in the
latter half of 2015. The ENWi-LP payload electronics is
modified to suit the present scientific requirement, wherein
the ENWi is for measurement of electron densities and
neutral winds and the LP (Langmuir Probe) measures the
electron density irregularity strength in fixed bias mode.

Figure 7: Langmuir Probe

The PCB for the ENWi-LP electronics is designed in SPL
and fabricated at APFD, VSSC. The QM of the payload
electronics is developed and tested in SPL. For testing
the ENWi probe, which has similar electronic circuits for
processing the current from each arm of the probe, two
separate low current sources are needed. Accordingly, a
nano-ampere current source (1 nA to 70 nA) and a picoampere current source (200 pA to 1 nA) covering the
region of expected current range is developed, which was
used for the lab level testing of ENWi electronics. The
electronics module has a total of 20 analog channels, which
would be interfaced to the rocket telemetry system during
integration. In the lab tests, the data is acquired using a set
of PCI data acquisition cards and a LabVIEW program is
developed for the acquisition, display and storage of the
acquired data. The wired PCB in chassis is shown in Fig.8.

Figure 6: ENWi Probe

Mechanically, the ENWi and LP are separate probes but
the electronics for both is assembled as a single module.
The probes are fabricated at RFF, VSSC and the electrical
interfaces are soldered/laser welded with the help of SOG,
VSSC. The final mechanical configuration of ENWi and
LP are as shown in Fig. 6 and 7, respectively.
SPL Annual Report: 2014-15

Figure 8: ENWi-LP payload electronics in chassis
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The ±15 voltage regulator for powering the payload has been developed and is undergoing test. Assembled views of the
regulator are shown in Fig. 9.

Figure 9(i): Top View of regulator

Figure 9 (ii): Bottom View of regulator

Figure 10: Laboratory test setup for functional tests of ENWi-LP payload electronics
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A view of the functional test setup in lab is shown in Fig.
10. In order to ensure the reliability of a scientific package,
its performance is evaluated through a set of environmental
tests, collectively termed as GATE tests. The following
are the tests conducted for the electronics module of the
ENWi-LP before integrating them with the final structure Initial SRC, 96 hour active burn-in, Vacuum test, Hot test,
Cold test, Vibration test, Acceleration test and Final SRC.
All these tests were conducted for QM of ENWi-LP
electronics and it is found to perform satisfactorily. Test
setup for Hot soak is shown in Fig. 11. The QM of ENWiLP electronics module after GATE tests is shown in Fig.
12.

Figure 13: High isolation blanking switch for HF Radar

for the protection of HF Radar receiver from transients and
malfunctions of T/R switch at the time of transmission.

Figure 11: Test setup for Hot Soak for ENWi-LP electronics

The Antenna system of HF Radar consists of 72 dipoles
in a 12 x 6 rectangular array configuration. The effective
aperture of the array antenna is ~10,000 m2 and the gain
of the antenna is ~26 dBi. Due to aging and degradation
of the dielectric strength of the hylam spacers used in the
open wire transmission line, it is required to change open
wire transmission line with RG 213 co-axial feeder line.
A proto type antennae array was designed, developed,
installed and tested with six numbers of ‘V’-type antenna
for an effective aperture area of 256 m2 to give a gain of
10.99 dBi. 50 kW peak power was transmitted and the
echo received through the ‘V’-type antenna was processed
through the digital receiver. The ‘V’-type antenna array
and a sample spectrum obtained from the array are shown
in Fig.14.

Figure 14(i): 256 m2 ‘V-type antenna of HFR
Figure 12: QM of ENWi-LP Electronics module after GATE tests

Atmospheric Radars
HF Radar
HF radar was operated during night time for the Equatorial
Spread-F studies along with imager in collaboration with
PRL in campaign mode. A high isolation blanking switch
shown in Fig.13 was designed, developed and interfaced
SPL Annual Report: 2014-15

A Lumped Element Quadrature Wilkinson Power Divider
(WPD) was designed towards the development of solid
state transmitter for HF Radar. A λ/4 transmission line
segment admits “T” and “π” lumped-element equivalent
networks. The WPD is lossless when the output ports are
matched; where only reflected power is dissipated. The
input power is split into two or more in-phase signals with
same amplitude. The desirable characteristic of WPD is that
it solves the matching problem of the simple T-junction,
provides low VSWR at all ports and gives isolation between
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Figure 14(ii): Received Power spectrum

output ports. The output impedances are perfectly matched
only when all input signals have the same amplitudes and
phases at any combiner input. The insertion loss and return
loss of WPD is found to be satisfactory. The main function
of power splitter circuit is to achieve low return loss, low
insertion loss, high isolation, zero phase difference, port
matching and compact size.
Partial Reflection Radar
Radar controller digital receiver and data acquisition
subsystems were procured for augmenting the in-house
built PR Radar. The radar transmitter and antenna
system shown in Fig. 15(i) was integrated with the new
subsystems and operated. Three numbers of high isolation
blanking switches shown in Fig. 15(ii) were introduced in
the receiver channels to protect the three identical digital
receivers of partial reflection radar from induced power
during transmission. The blanking switch can provide high
isolation during transmission and low insertion loss when
reception. The integration of all sub-systems was carried
out and the testing is being carried out.

Figure 15(i): PR Radar antenna system
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Indian Network for Space Weather Impact
Monitoring (INSWIM)
The Dual Frequency GPS Receivers at Delhi Earth Station;
NRSC, Hyderabad; IIA, Hanle; ISRO HQ, Bangalore and
SPL, Trivandrum were upgraded with latest software and
receivers are capable of receiving L5 satellites also. Action
is on for implementing NKN connectivity to all stations
for receiving Real-Time data at InSWIM Control Centre
at SPL.
For ionospheric tomography studies using Low Earth
Orbiting beacon satellites, a chain of five ground receiver
stations were established across the country as part of the
Coherent Radio Beacon Experiment project of SPL. This
chain is now included in the InSWIM network and it has
been augmented in June 2015 with a new station at Calcutta
University, Kolkata.
Compact Airglow Photometer
A CCD based Compact Airglow Photometer (CAP) has
been developed in house for replacing the existing bulky

Figure 15(ii): Blanking switch for new DAS

ATD
Figure 16: Compact Airglow Photometer - GUI and output displays

Dayglow Photometer. A network of such photometers is to
be deployed along different stations across India as part of
InSWIM project. USB based data acquisition system and
control software has been designed, developed and tested
with a laboratory model of the CAP. The Graphical User
Interface (GUI) and output displays are shown in Fig. 16.
The preliminary AutoCAD drawing of the instrument has
been generated for fabrication.

mode for ADC is introduced in the new version which
replaces the tedious external calibration procedure used in
the earlier version. The micro-SD card-connector-adaptor
unit has been replaced with a flash memory which is more
rugged. An additional feature to list all the data files in the
memory has been provided to make the data downloading
operation more user-friendly. Also motor power interface
connectors of its stepper motor driver card have been
replaced with more rugged connectors.

ARFI Technical Activities

A 4- layer PCB for data acquisition card and a 2-layer
PCB for stepper motor driver card have been designed and
fabrication is in progress.

Up-gradation of Stand-alone Control and Data
Acquisition Unit for MWR
As a part of the continuous improvement of the MWR, the
in-house designed stand-alone control and data acquisition
system has been upgraded with new features for easy
operation and maintenance. The automatic calibration

Design and Development of PC Interface Software V2.0
for MWR
The present interface software for MWR is augmented
with new features including quick look display of scientific

Figure 17: GUI Software V2.0 for MWR.
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data, thus upgrading to Version 2.0. This is interfaced with
the MWR system and the tests are in progress. All existing
features have been improved and additional features like
downloading the list of files from the MWR control unit
memory has been incorporated. The software will be
released to all stations in the ARFINET after rigorous
testing. The front panel of the software is shown in Fig. 17.
Installation of Kipp & Zonen Radiation Sensor
A Kipp & Zonen make radiation sensor along with its data
logger has been installed atop SPL main block (shown in
Fig. 18). Data is being downloaded regularly. Upgrading
of the unit with automatic data archival is in progress.

Figure 18: Radiation Sensor Installed atop SPL Main Block

Development of Prototype Radiation Sensor using
Photodiode
A prototype radiation sensor (Pyranometer) is developed
using a Photodiode for measuring the Sun irradiance in
the range of 300 nm to 1200 nm. The system consists
of a field optics unit and a data acquisition unit. Silicon
PIN photodiode is used as main sensor to measure the
Sun radiation. But the active view angle (or the Field of
View) of a photodiode is limited to a few degrees. So a
Teflon based diffuser is used to extend the field of view of

Figure 19: Prototype Radiation Sensor with Data Logger
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the sensor to ~180 degrees. A temperature sensor is also
incorporated to account for the response variation of the
photodiode due to any temperature drift. A microcontroller
based module is used for the data acquisition. It has a GPS
interface for accurate time stamping of data. This module
receives analog data from the sensors, processes them and
sends to PC for storage and display, using RS232 protocol.
The development of PC interface software is in progress.
The prototype radiation sensor shown in Fig. 19 is installed
on the roof top of SPL main block along with a Kipp &
Zonen make standard Pyranometer for the comparison and
calibration of the data of the developed module.
Development of Automatic Air Heater for Lidar
During micro pulse Lidar operations overnight, it was
observed that moisture gets accumulated on the outer
surface of the lens of Lidar. This is mainly due to the
temperature gradient between the hot and humid air at the
outside and the cool air inside the Lidar. It is also found
that when the air surrounding the lens is heated up, the
water condensation disappears. A commercial room heater
was modified, controlled with a microcontroller, to provide
steady heating of the air at different temperatures as and
when required. The temperature level of the hot air blower
can be set using selection switches on the controller.
Temperature level can be set from 30°C to 80°C in steps of
10°C. Constant temperature is maintained by using feedback
control. The microcontroller continuously monitors the
heater temperature using a temperature sensor and switches
the heater on and off using an electro-mechanical relay. It
is a portable unit and can be used continuously for longer
duration as a standalone instrument. Block diagram and
the assembled unit are shown in Fig. 20.

Figure 20: Block diagram and Assembled unit of Automatic Air
Heater for Lidar

Data Dissemination Systems have been developed
earlier to make use of the various communication links
available for automatic data transfer between network
stations and the nodal station for regular data collection
from experiments. These units were capable of using
email, GPRS etc. This LAN based system consists of a
microcontroller based transmitter and a PC based receiver.
The transmitter receives data from a scientific instrument
in RS-232 format and transfers the data to another place
through LAN (Local Area Network). A GUI programme
developed in Visual Basic is used to receive the transferred
data and to store it in a file. The system can be used to
transfer data to 10 different locations at a time over LAN.
The system uses iChip 10/100BaseT Ethernet module to
establish LAN connection. The hardware module and the
data output GUI are shown in Fig. 21.

ATD

LAN based Automatic Stand-alone Data Disseminator
System

High Vaccum Space Simulation Facility
The High Vacuum Space Simulation Facility (HVSSF) of
SPL is being maintained to cater to the needs of ongoing
development activities of payloads PAPA and CHACE-2.
In addition, the facility was augmented with a Transient
Data Logger and NIM based data acquisition system.
Testing and Characterization of Ion and Electron
Source

Figure 22: Test setup of Source with Faraday Cup, mounted in
linear mechanical feed through

Figure 21: iChip Ethernet Module

Setting up and Maintenance of ARFINET
ARFINET is a national network of atmospheric
observatories. In house developed Multi-wavelength
Radiometer (MWR), used for the optical characterization
of aerosol, is the key instrument in the observatories. As a
part of setting-up and maintenance of ARFINET stations,
new MWRs have been installed at Chennai and Chellakere
in the last year. MWR units have been dispatched to
Tripura and Shatnagar for installation.
As there are plans to enhance the existing network with
more stations to suit the scientific requirement, 20 sets of
MWR optics units are given for final stage of fabrication
through External Fabrication Agency (EFA/VSSC). The
control units for these MWRs are fabricated and developed
in-house, wherein 15 units are completed and 5 are in
progress. These units will be integrated with the optics
unit and tested at SPL before installing at the identified
locations.
For the installation of Total sky imager and Radiation
sensor on the roof top of SPL new building and the
gas flow sensor for aerosol flow detection and airflow
measurements, suitable mounting fixtures are designed in
AutoCAD and fabricated in-house.
SPL Annual Report: 2014-15

The beam profiling of ion/electron source was carried out
with the help of a magnetically coupled linear vacuum feed
through Fig. 22 shows the schematics of the test setup used
for beam profiling using external faraday cup mounted
on a linear mechanical feed through. The faraday cup has
moved away from the mouth of the source gradually with
a step size of 5mm and corresponding faraday cup output
was measured. This procedure was repeated for different
ion/electron beam energy and for different X and Y beam
deflection voltages.
Testing and Characterization of MCP detectors
A Micro Channel Plate (MCP) detector is a high gain, thin
secondary-emission current amplifier which consists of
parallel array of millions of hollow semi-conducting glass
cylinders (channels). Chevron type (two MCP stack) MCP
detectors are capable of providing very high gain in the
order of 106 when biased to a potential more than 1.5 kV.
An RC filter circuit was designed and connected at the
output of MCP to reduce the noise observed in the MCP
pulses. The circuit board was enclosed inside a metallic
box to reduce the EMI noise. Fig. 23 shows the schematic
and photograph of the test setup and the output filter box.
A charge sensitive pre-amplifier using A121 developed
as front end Electronics (FEE) for PAPA payload was
tested using the setup shown in Fig. 24. Single Channel
Analyser (SCA) produces NIM (Nuclear Instrumentation
Module) output pulses for each input pulse from A121 preamplifier. The NIM output pulses produced by the SCA is
fed to Counter which will count the exact pulses occurred
in the time interval. These information are collectively
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Support for other Activities
NOBLE (Network of Observatories for Boundary
Layer Experiments) stations
For the campaign conducted in March 2015 at NESAC,
Shillong, various instruments like GPS receiver system,
Graw sonde system (Antennas, Cables, Receiver and
software) and NRG sensor system (pressure, Temperature,
Wind sensors) were tested at SPL. The faulty LNAs at
NESAC were replaced by good ones for the campaign.
For the sonic anemometer installed at the NOBLE station
at SK University, Anathapur, RS422 to RS232 converter
interfacing modules were developed for providing serial
interface with PC.
34th Indian Scientific Expedition to Antarctica (ISEA)
Figure 23: MCP Detector biasing scheme with Filter Circuit

used for the characterisation of the parameters like gain,
pulse height distribution of MCP detector.

A set of Sonic anemometer and Humidity/Temperature
sensors were tested before transportation to Antarctica for
Boundary Layer studies during 34th ISEA. The mounting
fixtures for these were also designed in AutoCAD and
fabricated in-house.

Figure 24: MCP detector testing with A121 pre Amp and pulse count recorded using DAQ system

NIM based Data Acquisition System
The data acquisition system built on NIM is specifically
chosen for acquiring signals from high performance
plasma detectors, like MCP (Multi channel Plate) and
CEM (Channel Electron Multipliers), is shown in Fig. 25.
The salient features of high speed data acquisition system in
HVSSF includes NIM Bin with Power supply module, Pre
amplifier, Pulse generator, Single Channel Analyser, Dual
timer/counter and Four Channel 8kV/3mA programmable
DC power supply.
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Figure 25: NIM crate with modules installed

Development of Software for Ku-band Data Acquisition
using Spectrum Analyzer

As part of the calibration of C-Band Doppler Weather
Radar (DWR) at TERLS (developed by ISTRAC,
Bangalore), Tethersonde and balloon based GPS sonde
were flown from different locations in TERLS (~ 1 - 3 km
away from the DWR site), upon request from ISTRAC.
The sondes were released to a height between ~ 100 m
to~ 400 m depending on the clear visibility to radar line
of sight. The sondes carried onboard a metallic sphere of
known reflectivity (provided by ISTRAC), meteorological
sensors and GPS module. The metallic sphere was tracked
by the DWR for calibration purpose. Data obtained from
the sondes were also provided to ISTRAC for calibration
purpose.

Data acquisition software for the Ku-band receiver is
developed by using VI (Virtual Instrumentation) module
in Visual Basic. Since the spectrum analyzer operates on
Windows OS (Windows 7) which is installed within the
unit, the VB program also can be installed in the unit.
So the use of an additional PC for data acquisition alone
is not required. Before launching the data acquisition
software, the spectrum analyzer is set to the required trace
configuration, i.e. start frequency, stop frequency, number
of data points etc. Then the software starts logging data in
file as per the required interval setting. The logging interval
can be set in the front panel. It can create a file for a full day
of data. The first version of the software is installed and the
screen shot is shown in Fig. 26.

Optical Aeronomy and Balloon Experiments
Mechanical design, fabrication and installation support has
been provided for the All sky imager, wherein a suitable
mounting fixture was designed, fabricated and installed on
the roof top of Optical Aeronomy laboratory, TERLS. This
fixture is designed to have provision to align the instrument
also. The optical table in the lab has a set of optical
instruments which are to be precisely aligned for reflector
optics experiments of Spatial Heterodyne Spectrometer.
A series of fixtures like optical mount, connectors and
chassis for lens, mirror, prism and pipes were designed and
fabricated for this.
For the transportation of Freon cylinders for the Frost Point
Hygrometer in balloon launches, an Aluminium chassis
of size 42” X 15” X 12” was designed in AutoCAD and
fabricated.

Technology Development Programs
Development of Phased Array SODAR system
Electronics
A standalone indoor controller unit based on FPGA is being
developed in-house as the first phase in the development of
a Phased Array SODAR for atmospheric studies.
Simulator for mass spectrometer control electronics
system
Using PIC18F2455, a circuit was designed and firmware
developed and tested for I/O port and serial communication.
This is planned to be used for understanding the mass
spectrometer response during simulated error conditions.
Development of laboratory model radio sounder
For the in-house development of radio sounder, a
programmable sweep generator has been developed in the
frequency ranges of 1 – 30 MHz using AD5930, which
is integrated with a high power amplifier of gain 30 dB.
The receiver system is being built around an FPGA for
extraction of the expected reflected signal.
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Figure 26: Screen shot - Ku-band Data Acquisition using
Spectrum Analyzer

GPS –GSM based Balloon-Sonde Recovery System
A PIC microcontroller based Balloon Sonde recovery
module with GPS and GSM sub-modules is designed,
developed and field tested. This module encrypts the
location and time information of the balloon onto a website
address and sends as SMS. This SMS can be used to get
the present position of balloon in Google map, which also
helps to find the shortest distance/route between the station
location and location of the balloon.

Future Projections
1. Design and development of checkout system for
PAPA payload
2. Design and development of a tri-band beacon
system for TEC studies
3. Indigenization of mass spectrometer electronics
system
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Calibration of C-Band DWR with the Tethersonde and
GPS sonde

Publications in Conference Proceedings
1. Anu, S., R. Ajayakumar, R. Bhakthavatchalu and P. Pradeepkumar, “Reconfigurable Custom Processor Design
in FPGA”, International Conference on Communication and Computing, ICC 2014, Bangalore, pp. 66-74, 12-14
June 2014.
2. Devarajan, D., S. S. Pillai, and P. Sreelatha, “Optimal Lasercom Satellite Transmitter based on Performance
Prediction and Design”, IEEE International Conference on Advances in Computing and Communications ICACC
2014, Cochin, pp: 33-37, 27-29 August 2014.

Presentations in Conference/Symposia
1. Sapna, K., P. Pradeepkumar, and N. Joe, “FPGA Based Bus Arbitration System for Onboard Controller Of Satellite
Payloads”, National conference on Modern Trends in Electrical, Electronics and Communication Engineering,
Nehru College of Engineering and Research Centre, Thrissur, July 2014.
2. Das, T. P., and MENCA team, “MENCA aboard the Mars Orbiter Mission: Calibration, Observations and Science
Plan”, Workshop on Mars Orbiter Mission: Data Analysis and Science Plans, PRL, Ahmedabad, 20-21 August,
2014.
3. Das, T. P., Workshop on Mars Orbiter Mission: Data Analysis and Science Plans, PRL, Ahmedabad, 20-21
August, 2014.
4. Das, T. P., 20th National Conference on Atomic and Molecular Physics, 9 - 12 December, 2014, IIST, Trivandrum
5. Das, T. P., and MENCA team, “Probing of the Martian Neutral Exosphere with MENCA aboard the Mars Orbiter
Mission”, 20th National Conference on Atomic and Molecular Physics, IIST, Trivandrum, 09-12 December, 2014.
6. Vajja, D. P., ISRO Seminar on Computers and Information Technology, VSSC, 19-20 March, 2015.
7. Sreevalsa, U., P. Jyothilekshmi, and P. Pradeepkumar, “FPGA based data acquisition and control system for
Doppler SODAR receivers”, International Conference on Advances in Applied Engineering and Technology
ICAAET-2015, Ramanathapuram, 14-15 May 2015.
8. Jyoyhilekshmi, P., U. Sreevalsa, and P. Pradeepkumar, “FPGA based SODAR transmitter”, International
Conference on Advances in Applied Engineering and Technology ICAAET- 2015, Ramanathapuram, 14-15 May
2015.

Technical Reports
1. Tirtha Pratim Das, “MENCA Mars Phase Observation and Science Plan” PR-MENCA-OBS-SCIENCE-PLANMARS-PHASE, July 2014.
2. Tarun Kumar Pant, Manju G, Raj Kumar Choudhary, Pradeepkumar P & Neha Naik, “Preliminary Design
document: RAMBHA payload onboard lunar lander”, SPL-TR-RAMBHA-01-2014, August 2014.
3. Ajeeshkumar PS, Dinakar Prasad Vajja & Pramod PP, “GUI Software for GSM based Data Acquisition and
Display System”, ISRO-VSSC-TR-0122-0-15, January 2015.
4. Tirtha Pratim Das and Sampa Roy, Report on “Analysis of Remote Sensing Data for Study of Young Volcanism
on Moon” as a part of the ISRO-STP, January 2015.
5. Manju G, Tarun Kumar Pant, Pradeepkumar P & Sreelatha P, “Requirement document on Scientific Payloads
onboard Rohini Sounding Rockets for Sounding Rocket Experiment (Ver 1.1)”, SPL:TR: SOUREX-01-2015,
January 2015.
6. Ajeeshkumar PS, Mukunda M. Gogoi, Dinakar Prasad Vajja & Pramod PP, “Design and Development of PC
based Real-time Data Acquisition and Display System for Aethalometer Instrument”, ISRO-VSSC-TR-0201-0-15,
February 2015.
7. Neha Naik, “Design of Protomodel of Front End Electronics (FEE) circuit for Langmuir Probe (LP) of RAMBHA
payload onboard Chandrayaan-2”, TR: SPL-RAMBHA-LP-01, February 2015.
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9. Rosmy John, “Circuit Design Document for ENWi and LP payloads of SOUREX (Ver1.0)”, SPL: TR:
SOUREX-02-2015, March 2015.
10. Manju G, Tarun Kumar Pant, Sreelatha P & Pradeepkumar P, “Requirement document on RAMBHA-LP :
Chandrayaan-2 Lander”, SPL-TR-RAMBHALP-REQ-2015, May 2015
11. Pradeepkumar P, “Preliminary circuit design document Ver 1.0”, SPL-TR-RAMBHA-RIPOC-01-2015, July 2015
12. Pradeepkumar P, “Electrical Interface Document for CHACE-2 payload”, SPL-TR-CHACE2-EID-01-2015, July
2015.
13. Pradeepkumar P, “Electrical Interface Document for RAMBHA payload”, SPL-TR-RAMBHA-EID-01-2015,
July 2015.

Invited Lectures
Tirtha Pratim Das

1. “MENCA aboard the Mars Orbiter Mission: Calibration, Observations and Science Plan”, Workshop on Mars
Orbiter Mission: Data Analysis and Science Plans, PRL, Ahmedabad, 20-21 August, 2014.
2. “MENCA experiment aboard the Mars Orbiter Mission, Science, Technology and Observations”, PRL, Ahmedabad,
30 January 2015.
3. “Mars Orbiter Mission, Science Objectives and Mission Challenges”, Srinivas Institute of Technology, Mangalore,
28 March 2015.
Pradeepkumar P

1. World Space Week lectures at Rani Public School, Vatakara; St. Mary’s H.S.S. Kallanode; Mother Teresa College
of Teacher Education Perambra; 08 October 2014.
2. Inaugural talk at the District level Science exhibition SCIENTIA 2014, conducted by Sahodaya School Complex,
Malappuram at Delhi International School, Valanchery, 22 November 2014.
3. “Indian Space programme and Mars Orbiter Mission”, Govt. Polytechnic College, Kannur, 24 November 2014.
4. “Mars Orbiter Mission”, Badagara Municipality, 24 November 2014.
Sreelatha P

1. Guest of honour at the Decennial Celebration of Presentation Convent School, Nerul, 18 January 2015.

External Examiner for M.Tech. Thesis
Pradeepkumar P, External examiner of Kerala University, M.Tech Thesis.

Trainings undergone
1. Tirtha Pratim Das, ISRO-Structured Training Programme (STP) on Planetary Exploration, PRL, Ahmedabad, 2730 January, 2015.
2. Pramod PP, Advanced Training in JAVA, HRDD, VSSC, 17-19 June, 2014.
3. Pramod PP, DOS Stores Procedure, HRDD, VSSC, 4 June 2015.
4. Dinakar Prasad Vajja & Ajeeshkumar PS, “Technical Session”, Texas Instruments, 12 November 2014.
5. Aneesh AN, Electrical Safety Awareness, HRDD, VSSC, 22 April 2015.
6. Rosmy John, Training on DOS stores procedures, HRDD, VSSC, 18 September 2014.
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8. Neha Naik, Ajeeshkumar.PS & Pramod.PP, “Checkout system design for ChaSTE payload on Lander Craft aboard
Chandrayaan-2 (Ver.1.0)”, TR: SPL-ChaSTE-Checkout-01, March 2015.

Office and
Administrative Support
Team
Suseela P. R.
Geetha C.
Watson
Sisira R.
Salini M. S.
Shiji N. D.
Vijayan T. K.
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 NOBLE. It co-ordinates and provides logistic support for different
national observation campigns 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/
Universities. 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 program 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 arranging Seminar Talks/Invited Talks in SPL by leading
scientists from India and abroad and arranges necessary logistics required during their visit and stay.

SPL
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ACADEMIC PROJECTS
Well aware of societal commitments, SPL boasts a
strong capacity building programme by imparting
in-house training through M.Sc. & B.Tech. project
work, and M.Phil. & M.Tech. dessertation supervision
to young students of different colleges, institutes and
universities. SPL also hosts Summer Research Fellows
of Indian Academies and INSPIRE fellowship awardees
for two months project works. During the academic
year 2014-2015, a total of 36 students underwent the
training under different disciplines of SPL.

M. Sc. PROJECTS
1.

Aarsha B. Silendran, Christian College, Kattakkada, Trivandrum, “Microwave remoet sensing of atmospheric
parameters using Megah-Tropiques SAPHIR Tb data”, April-June 2015 [ Supervisor: Dr. Suresh Raju C ]

2.

Arathy V, Amrita Vishwa Vidyapeetham, Kollam, “A study on the vertical structure of clouds from radiosonde
observations at Trivandrum”, January-May 2015 [ Supervisor: S.V. Sunilkumar ].

3.

Arshdeep Singh Jolly and Shweta Tomer, Amity University, Noida, Uttar Pradesh, “Megha-Tropiques SAPHIR
brightness temperature data analysis to understand the surface contribution to the measurements”, March - May
2015 [ Supervisor: Nizy Mathew ].

4.

Aswathy K. B., Mahatma Gandhi University, Kottayam, “A study on the spatial and temporal variation of Planetary
Boundary Layer Height (PBLH) over Indian region using MERRA reanalysis data”,   May - July 2014 [ Supervisor:
Sandhya K. Nair ]   

5.

Azeeja Bekkar R and Silpa K S, Mahatma Gandhi University, Kottayam, “Chemical constituents of carbonaceous
aerosols over Thumba region, Trivandrum India”,  April – May 2015 [ Supervisor: Prashant Hegde ].

6.

Hima K. S. and Deepa Varghese, Mahatma Gandhi University, Kottayam, “Study of the seasonal variation of
equatorial ionization anomaly”, April - May 2015, [ Supervisor: Smitha V. Thampi ].

7.

Lallu N. P., Mahatma Gandhi University, Kottayam, “A study on the spatial and temporal variation of Latent Heat
Flux (LHF) over Indian region using MERRA reanalysis data”,  May - July 2014 [ Supervisor: Sandhya K. Nair ]   

8.

Nikhil A.C, M.E.S. Kalladi College, University of Calicut, Calicut, “A detailed study on wind energy resource assessment
in and around Thumba Equatorial Rocket Launching Station (TERLS) using tower observations”, January - May 2015,  
[ Supervisor: Siddarth Shankar Das ].

9.

Nimmy Samson A, Mahatma Gandhi University, Kottayam, “A study on the spatial and temporal variation of Sensible
Heat Flux (SHF) over Indian region using MERRA reanalysis data”, May - July 2014 [ Supervisor: Sandhya K. Nair ]   

10. Remya R. S., Amrita Vishwa Vidyapeetham, Kollam, “Deep convective cloud distribution over Indian Summer
Monsoon: A study using NASA’s International satellite cloud climatology Project”, January - May 2015 [ Supervisor:
K. Kishore Kumar ]
11. Shihabudheen K, M.E.S. Kalladi College, University of Calicut, Calicut, “A detailed study on wind power production
in and around Vizhinjam Port, Trivandrum using tower observations”, January - May 2015 [ Supervisor: Siddarth
Shankar Das ].
12. Vijila V., Amritha Vishwa Vidyalaya, Kollam, “Study on the evolution of the Equatorial Ionization Anomaly during quiet
and disturbed periods of low solar activity years”, February – May 2015 [ Supervisor: Manju G. ].

M. Phil PROJECTS
1.

Jisha P. R., Nesamoni Memorial Christian College, Marthandam, “Earth’s surface shortwave incoming radiation over
India: interactions with aerosols”, February - June 2015 [ Supervisor: Mukunda M Gogoi ]
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B. Tech. PROJECTS
Sreejith S, Gilda Anu Thomas and Athira V Pillai,  B. Tech Project, University College of Engineering, Kariavattom, “Fast
air temperature measurement system for rocket payloads”, January - February 2015 [ Supervisor : Pradeepkumar P ]

M. Tech. PROJECTS
1.

Alaka Ann, Manipal Institute of Technology, “Testing and Characterization of Space-borne Plasma Detectors”, July
2014 – May 2015 [ Supervisor: R. Satheesh Thampi ]

2.

Alok Singh Yadav, Manipal Institute of Technology, “Laboratory Development of Langmuir Probe and Electric
Monopole Antenna for Space Missions”, June 2014 – May 2015 [ Supervisor: Vipin K. Yadav ]

3.

Aneesh R P,  St. Joseph’s College of Engineering and Technology, Palai, “Microcontroller based Spacecraft Interface
Simulator for the ChaSTE Payload of Chandrayaan-2 Mission”, August 2013 - July 2014 [ Supervisor: Dinakar Prasad
Vajja ]

4.

Anu S, Amrita School of Engineering, Amritapuri, “Reconfigurable Custom Processor Design in FPGA,”, January –
June 2014 [ Supervisor: Pradeepkumar P ]

5.

Jyothilakshmi P, Amrita School of Engineering, Amritapuri, “Control system for Doppler Sodar Transmitter”, January
- June 2015 [ Supervisor : Pradeepkumar P ]

6.

Ranjana Ajayakumar, Amrita School of Engineering, Amritapuri, “System Verilog based Verification of a Reconfigurable
Custom Processor”, January – June 2014 [ Supervisor : Pradeepkumar P ]

7.

Reethu, Jayaprakash E., Cochin University of Science and Technology, Cochin, “Investigations on Climate impacts of
aerosols over South Asia”, May 2014 - April 2015 [ Supervisor: Vijayakumar S. Nair ]

8.

Sapna K, Nehru College of Engineering, Pampady, “FPGA Based Bus Arbitration System for Onboard Controller Of
Satellite Payloads”, January - June 2014 [ Supervisor: Pradeepkumar P ]

9.

Shalini G, Dept. of Optoelectronics, University of Kerala, “Sun Tracking Radiometer”, October 2013 - September
2014 [ Supervisor: Dinakar Prasad Vajja ]

10. Sreevalsa U, Amrita School of Engineering, Amritapuri, “Data acquisition and control system for Doppler Sodar
receivers”, January - June 2015 [ Supervisor: Pradeepkumar P]
11. Sreehari N., Sarabhai Institute of Science & Technology, Vellanad, Trivandrum, “Design of Spatial Heterodyne
Spectrometer for Airglow emission measurements”, January - December 2014 [ Supervisor: Mosarraf Hossain Md. ]

IASc-INSA-NASI SUMMER RESEARCH FELLOWS
1.

Abin Thomas, University of Hyderabad, Hyderabad, “Aerosol Optical Depth from satellite borne and ground based
measurements”, May – July 2015 [ Supervisor: S. Suresh Babu ]

2.

Anamol Mittal, University of Petroleum and Energy Studies, Dehradun, “Investigating the radiant sources of
meteors”, June – August 2015 [ Supervisor: Anil Bhardwaj & K. Kishore Kumar ]

3.

Harsh Hariyani, “Response of Geomagntic Field to Intense Solar Flares”, Banaras Hindu University, June – August
2015 [ Supervisor: Anil Bhardwaj & C. Vineeth ]

4.

Kuppam Karthik, “Design of Control Unit for Automatic Sun Tracker”, June - July 2014 [ Supervisor: S. Suresh Babu ]

5.

Mariam Nazreen, Mother Teresa Women’s University, Kodaikanal, “Learning spatial heterodyne spectrometer
design for airglow measurements”, May – July 2015 [ Supervisor: Anil Bhardwaj & Md. Mosarraf Hossain ]

6.

Sreelekshmi Mohan, National Institute of Technology, Calicut, “Characterization of a Quadrupole Mass
Spectrometer”, June - July 2015 [ Supervisors : Smitha V. Thampi & Tirtha Pratim Das ]

INSPIRE FELLOW
1.

Vishal Singh, “Investigations on the low ENA albedo regions on the Moon and their association with Lunar Surface
Properties”, May – July 2015 [ Supervisors: Anil Bhardwaj & M. B. Dhanya ]

106

Æ˙…V…¶……π…… ÀΩ˛n˘“ E‰Ú |……‰i∫……Ω˛x… ®…Â +∆i… Æ˙I…… ¶……Ë i…EÚ“ |…™……‰M…∂……±…… EÚ… ¥… ¥…v…
EÚ…™…«GÚ®……Â ®…Â ™……‰M…n˘…x…
1. +ÊxÉ±É ¦É®úuùÉVÉ, Ê´ÉÊ¶É¹]õ +ÊiÉÊlÉ B´ÉÆ =nùPÉÉ]õxÉ ¨ÉÖJªÉ ´ÉHòÉ, ¦ÉÉ®úiÉÒªÉ OÉ½þÒªÉ +Ê¦ÉªÉÉxÉ, <Çº]ÅèõEò, ¤ÉÆMÉ±ÉÚ¯û,
ÊºÉiÉ¨¤É®ú 8,  2014
2. b÷Ó ¤ÉÉ±ÉÉ ºÉÖ¥É½þ¨ÉhªÉ¨É, ºÉÉfäø SÉÉ®ú ºÉÉè EòÉ Ê®ú¶iÉÉ Ê´ÉGò¨É ºÉÉ®úÉ¦ÉÉ<Ç +ÆiÉÊ®úIÉ Eåòpù EòÒ MÉÞ½þ {ÉÊjÉEòÉ “MÉMÉxÉ”,
Gò¨ÉÉÆMÉ-39 +É{Éè±É-ÊºÉiÉÆ¤É®ú 2014, 21-22,2014 (<ºÉ +ÆEò ¨Éå ºÉ´ÉækÉ¨É ®úSÉxÉÉ Eäò Ê¸ÉhÉÒ ¨Éå |ÉlÉ¨É {ÉÖ®úºEòÉ®ú
Eäò Ê±ÉB SÉªÉÊxÉiÉ)
3. b÷Ò ¤ÉÉ±ÉÉ ºÉÖ¥É½þ¨ÉhªÉ¨É, ÊiÉ¯û´ÉxÉÆiÉ{ÉÖ®ú¨É ®úÉVÉ¦ÉÉ¹ÉÉ EòÉªÉÉÇx´ÉªÉxÉ ºÉÊ¨ÉÊiÉ Eäò MÉÞ½þ {ÉÊjÉEòÉ ¨ÉèjÉÒ ¨Éå |ÉEòÉÊ¶ÉiÉ ±ÉäJÉ,
+É¶ÉÉ EòÒ ÊEò®úhÉ: BEò ºÉ¨ÉÉVÉ ºÉä´ÉÉ, “¨ÉèjÉÒ”, +ÆEò-16, 2014
4. Ê´ÉÊ{ÉxÉ EÖò¨ÉÉ®ú ªÉÉnù´É, ¨ÉÉèiÉ Eäò ¨ÉÖÄ½þ ºÉä ´ÉÉ{ÉºÉÒ B´ÉÆ ¶Éä®ú-+Éä-¶ÉÉªÉ®úÒ, Ê´ÉGò¨É ºÉÉ®úÉ¦ÉÉ<Ç +ÆiÉÊ®úIÉ Eåòpù EòÒ MÉÞ½þ
{ÉÊjÉEòÉ “MÉMÉxÉ”, Gò¨ÉÉÆEò-39, +|Éè±É-ÊºÉiÉÆ¤É®ú 2014, 27-28, 39, 2014 (±ÉäJÉÉå Eäò Ê±ÉB ºÉÉi´ÉxÉÉ {ÉÖ®úºEòÉ®ú)
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VISITORS
Prof. A. K. Singhvi
Physical Research Laboratory, Ahmedabad, 13 November 2014; Delivered a lecture on “Surface process on earth:
new Possibilities and challenges”.
Prof. T suda, Dr. Shimbori Atsuki and Dr. G. Kishore Kumar
RISH, Kyoto University, Japan, 13-14 November 2014; Participated in Inter-university Upper atmosphere Global
Observation NETwork (IUGONET) meeting
Dr. Akshay Malhotra
Deputy Director, Symbiosis International University, Pune, 18-20 November 2014; Interacted with ITMP and ADB
branches.
Dr. Arnico Panday
Senior Atmospheric Scientist and Coordinator of the Atmosphere Initiative, International Centre for Integrated
Mountain Development (ICIMOD), Nepal, 24 November 2014; Delivered  talk on “ICIMOD’S atmosphere initiatives:
an overview”.
Dr. Dhirendra Kataria
Head, In-situ Detection Systems Group, Mullard Space Service Laboratory, University College, London, UK, 19-22
January 2015; Delivered a talk on “Detection systems for space”.
Dr. Vinu Valsala
Indian Institute of Tropical Meteorology, Pune, 07-09 February 2015; Delivered talk on “Top-down and bottom-up
estimates of global surface carbon fluxes: Present status, uncertainty, and relevance of observations and models”
Dr. T.N. Krishnamurti
Lawton Distinguished Professor, Department of Earth, Ocean and Atmospheric Science, Florida State University,
Tallahassee, Florida, USA, 12 February 2015; Delivered a talk on “Modelling and remote sensing of extremes rain
events near the Himalayas”.
Dr. Ruby Krishnamurti
Professor Emeritus, The J. Stewart Turner Professor of Oceanography, Florida State University, Tallahassee, Florida,
USA, 12 February 2015; Delivered a talk on “ Upper oceanic processs: Layering mechanism in the Bay of Bengal
Prof. S. Ramakrishna
Anna University, Chennai, 12 March 2015; Interacted with ITMP and ATD groups.
Mr. Gutscoven Koenraad and Mr. De Proft Max of Septan Trio
N.V. Satellite Navigation, Belgium, 12 March 201; Visited in connection with GPS installation.
Dr. Mike McGrath
Laboratory for Space & Atmospheric Physics (LASP), University of Colorado, USA, 09 June 2015; Delivered talk
on “Space Missions at the Laboratory Atmospheric and Space Physics: Experience gained from teaching a course
Spacecraft design at the University of Colorado in Boulder”.
Dr. Amal Chandran Nair
Laboratory for Space & Atmospheric Physics (LASP), University of Colorado, USA, 09 June 2015; Delivered talk
on “Stratospheric Sudden Warming and Atmospheric Coupling: A study from a Whole Atmosphere Modelling
perspective”.
Prof. Asoke Sen
Distinguished Scientist, Harish-Chandra, Research Institute, Allahabad. 29 June 2015;  Delivered SPL Day Lecture
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SPL Day Lecture

Delivered by Prof. Ashoke Sen

The SPL day lecture is an annual event organised by the Space Physics Laboratory to
commemorate its decades long scientific achievements in the field of atmospheric, Space,
and planetary sciences. Every year the lecture is delivered by a scientist of eminence. Prof
Ashoke Sen, Distinguished Scientist at the Harish Chandra Research Institute, Allahabad,
delivered this year’s SPL Day Lecture on the topic ‘Survival in Our Strange Universe’ on
June 29, 2015 at Dr Srinivasan Auditorium, VSSC. Dr K Sivan, Director, VSSC presided over
the function. Shri M V Dhekane, Associate Director, VSSC and Dr Anil Bhardwaj, Director,
SPL addressed the gathering. Prof Sen led the audience through nuances of the ‘string
theory’, half-life of our universe, the possibility of its encounter with ‘false vacuum’ and
destruction by the so called ‘Killer Bubbles’. However he also observed that the probability
that our universe will be encountering a Killer bubble is about one in ten billion. The
evidence available at present indicates the age of the universe to be 14 billion years. String
theory states that the universe is in a meta-stable state, and not stable state. He observed
that though we cannot detect any signal that moves faster than light, the universe can
expand at a much faster rate. With the present expansion rate, the universe may double
in every 12 billion years. He also did not rule out the possibility of colonization of far
reaches of our universe in the distant future. A gathering of scientists, research scholars
and selected students of physics from various academic institutions across Kerala apart
from the VSSC community attented the lecture.
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Launch of SPL Website
Webpage of SPL: http://SPL.GoV.IN

An independent website of SPL was launched on 27th August 2014 by Director, VSSC in a
functon held in Chandra Auditarium, SPL
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