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From the Director
The annual report for the year 2017-18 documents the evolu� on of the planned research objec� ves of the Space 
Physics Laboratory and discusses the noteworthy achievements during the period.  It is heartening to report that the 
major projects that we embarked upon are progressing very sa� sfactorily. Many newer opportuni� es are opening up 
for us. In all, we face a very exci� ng future.
The ICARB-2018 cruise over the Indian Ocean and the Arabian Sea, conducted during January 16 to February 14, 2018 
and planned with the primary objec� ve of physical and chemical characteriza� on of con� nental ou� low of aerosols 
and trace gases to the Arabian Sea and the Indian Ocean for regional climate impact assessment, was unique in several 
respects. This was the fi rst cruise that encompassed all the areas of atmospheric and space research carried out in SPL. 
Apart from science experiments in the atmospheric boundary layer, dynamics and numerical modelling, this mission 
also conducted conjugate point observa� ons of airglow emissions, total electron content and ionospheric scin� lla� ons 
for the study of thermosphere energe� cs as well as the asymmetry in the evolu� on and propaga� on of plasma bubbles 
in the equatorial and low la� tude regions. This cruise, therefore, has brought about several unique fi ndings.
The SOUnding Rocket EXperiment (SOUREX) for upper atmospheric studies over the geomagne� c equator, par� cularly 
for the measurements of the data sparse dynamo region, with indigenously developed payload onboard RH-300 
rocket took place on April 6, 2018. This was a comprehensive scien� fi c experiment involving payloads ENWi, LP and 
Trimethyl Aluminium (TMA) vapour, to fi ll the gap in our understanding of the dynamo region. With the very encouraging 
scien� fi c results obtained therefrom, its sequel is being planned on board RH-560 rocket to be launched from SHAR in 
2019.
Another signifi cant ac� vity is the genera� on of the revised Indian Atmospheric Model for the 0-1000 km al� tude range. 
The revision became imminent due to the availability of the latest atmospheric measurements, including radiosonde/
rocket sounding and reanalysis/model data. The model with their dispersions is being generated for ISRO’s launch 
vehicle mission design and analysis.
Some of the exci� ng results obtained this year in the surface and lower atmospheric region concern the microwave 
emissivity characteris� cs of diff erent arid/semi-arid land surfaces that show signifi cant increase in emissivity with 
biomass while moving from arid to tropical forests. Research pertaining to the enhanced day-� me penetra� on of 
convec� ve clouds in the tropical upper troposphere and the fi rst observa� onal evidence for radia� vely driven 
convec� on assume signifi cance. Also, the eff ect of cloud feedback processes in the genesis of the “Pool of Inhibited 
Cloudiness” was established. The quan� ta� ve assessment of the stability indices during deep convec� on and MJO has 
been carried out. Changes in the La-Nina teleconnec� ons to the Indian Summer Monsoon rainfall has been established.
Studies on the aerosol - cryosphere interac� on over the Himalayas, scavenging ra� o of black carbon in the Arc� c 
and the Antarc� c, mul� -satellite synthesis of dust transport over the Bay of Bengal are some of the exci� ng domains 
of research this year. The fi rst results from the Ponmudi observatory report the ver� cal characteris� cs of Cloud 
Condensa� on Nuclei over the tropical coastal region. Assessment of 1D and 3D models simulated radia� on fl ux based 
on surface measurements and es� ma� on of aerosol forcing and their climatological aspects are yet another hallmark. 
Some of the results from the aerosol and trace gas chemistry are based on the seasonally varying in-situ measured 
number density-size distribu� on of aerosols at Trivandrum, seasonal changes in aerosol composi� on at an inland rural 
loca� on in Coimbatore, eff ect of boundary layer meteorology on the diurnal changes in methane at Trivandrum and 
the decadal changes in near-surface ozone at Trivandrum.
In the area of atmospheric dynamics, poten� al mechanisms responsible for the recent record-breaking dura� on of the 
eastward phase of the stratospheric QBO, and the response of northern hemispheric Sudden Stratospheric Warming 
(SSW) events on semidiurnal � des/two-day waves at equatorial/low la� tude MLT region are among the exci� ng 



studies. Valida� on of satellite and reanalysis water vapour data in the troposphere and lower stratosphere have been 
carried out with balloon-borne cryogenic frost-point hygrometer observa� ons over the Indian region. The diurnal 
varia� on of the thermal structure of the troposphere and the lower stratosphere and the eff ect of convec� on on the 
tropical tropopause layer over the South Asian Monsoon region have been studied. Other per� nent research work 
reported this year pertains to the CloudSat observa� ons of the three-dimensional distribu� on of cloud types in tropical 
cyclones and the regional features of the Hadley circula� on.
In the new ini� a� ve of the es� ma� on of carbon dioxide fl uxes over the Indian region using inverse modelling, this 
year, the source-receptor rela� onship has been worked out using the FLEXPART model and satellite and ground-based 
measurements. Two CO2 measurement sta� ons were commissioned in Ponmudi and Kodaikanal respec� vely. The 
COSMO model runs were eff ec� vely u� lised not only for research and short-range weather predic� on during launch 
campaigns, but also along with other observa� ons, it played a vital role for the planning of experiments in the ICARB-III 
cruise as well as the SOUREX campaign.
In the Ionosphere, Thermosphere, Magnetosphere area, the major fi ndings include the genesis of post noon F3 layers 
as a direct consequence of thermosphere- ionosphere coupling and the signifi cant changes in the ionosphere over 
low and mid la� tudes caused by oscilla� ng IMF Bz associated with the storm of 17 March, 2013. More signifi cant 
results have emerged from the study of the electron density varia� ons measured using the ‘IDEA’ payload aboard 
the PS4 pla� orm on PSLV-C38. The Climatology of Gravity Wave - Travelling Ionospheric Disturbances (GW-TID) in the 
magne� c equatorial upper thermosphere over India and the impact of SSW of 2009 on the equatorial and low-la� tude 
atmosphere-ionosphere coupling over the Indian longitudes, hind-cas� ng of Equatorial Spread F (ESF) using seasonal 
empirical models and solar ac� vity varia� ons of ESF occurrence are the other major research outcomes. SPL team 
par� cipated in the study of Venus atmosphere using radio-occulta� on experiment with Akatsuki spacecra� . 
From the area of planetary sciences, the photochemical model for the dayside ionosphere of Titan, the response 
of Mar� an ionosphere to two adjacent solar disturbances of March 2015 and the composi� on of Jupiter irregular 
satellites that sheds light on their origin are the major thrust areas of research. From Chandrayaan-1, the composi� onal 
studies of new perspec� ves of the Mare Moscoviense using the VIS-NIR data and the observa� on of protons with high 
angular spread in terminator and near wake region of the Moon from ‘SARA’ are reported. 
Development and delivery of the Chandrayaan-2 payloads was a major milestone this year. The CHACE-2 payload was 
delivered to the mission in January 2018, a� er comple� ng all the requisite tests and protocol. Development of ‘ChaSTE’ 
was very challenging. A� er comple� ng all the rigorous tests and evalua� on, for both the probe and its deployment, the 
integrated system will be ready for delivery in September 2018. The ‘DFRS ‘payload for Orbiter, developed by ISTRAC, 
is already delivered. The RAMBHA-LP payload will also be delivered by September 2018. Tests and evalua� on are in 
progress. The EM of the Plasma Analyzer Package, PAPA, for Aditya-L1 mission will be completed by September 2018. 
The development of the so� ware pipeline for genera� ng the data products from all these payloads, in an automated 
manner, throughout the mission life, is being carried out. We look forward to the development of SPL payloads for the 
forthcoming MOM-2 and Venus missions with great enthusiasm.
The academic interests of twenty-fi ve odd research scholars and associates of the SPL fraternity is also a major onus. 
They are mentored and trained by a vibrant academic commi� ee of SPL faculty members. Five research scholars were 
awarded Ph.D in the year 2017-18. There were 50 publica� ons from SPL in peer-reviewed journals with an average 
impact factor of 2.7. Eight SPL members bagged pres� gious awards and honors. I have great delight and honour 
to men� on that Dr. Suresh Babu won the pres� gious Bhatnagar Prize in the area of Earth, Atmosphere, Ocean and 
Planetary Sciences this year.
As in the past, the SPL Day Lecture func� on was conducted with great fervour. The dignitary this � me was the legendary 
doyen of cosmology and astrophysics, Prof. Jayant V Narlikar, who spoke on “Searches for Life Outside the Earth”, in a 
solemn func� on presided by Director VSSC, Dr. S. Somanath.
None of these would have been possible without an ac� ve and suppor� ve team from SPL. Let me duly acknowledge 
their solidarity to me in � mes of crises as well.
I am convinced that 2018-19 will bring several more challenges. We look forward to another year of hard work and 
dedica� on to fulfi ll all the objec� ves planned for SPL, VSSC and ISRO.

®úÉÊvÉEòÉ ®úÉ¨ÉSÉxpùxÉ
16 August 2018               Radhika Ramachandran
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Awards, Honours & Recogni� ons
S. SURESH BABU

• Shan�  Swarup Bhatnagar Prize in Earth Atmosphere, Ocean and Planetary Sciences, 
2017.

• Member, Standing Consulta� ve Commi� ee of Young Scien� sts for formula� ng the 
Science & Technology vision for the country.

K. KISHORE KUMAR 

• Cer� fi cate of Outstanding Contribu� on in Reviewing, Journal of Atmospheric Research, 
Elsevier. 

SNEHA YADAV

• Visi� ng Scholarship, Scien� fi c Commi� ee on Solar-Terrestrial Physics (SCOSTEP).

MEGHA BHATT

• Dortmunder Gambrinus Fellowship, Technical University Dortmund, Germany, 2017-18.

Patent
P. PRADEEPKUMAR &  K. KRISHNAMOORTHY 

• “Sun Tracking radiometer - a unique instrument for automa� cally tracking the Sun from 
morning to evening in 10 spectral bands” (No. 273358).

Academic Excellence
SNEHA YADAV 

• Bronze prize, Student Team Presentation Competition, International Reference 
Ionosphere 2017 Workshop, Na� onal Central University (NCU), Taiwan, 6-17 November 
2017.

LAVANYA S

• Young Scien� st Award (2nd Prize), “An algorithm to detect and correct aliasing errors in 
micro rain radar associated with strong ver� cal winds”, 2nd conference on India Radar 
Meteorology 2018 (iRAD 2018), NARL, Gadanki, 08-11 January 2018.



ICARB 2018 Campaign
First ever mul�  – disciplinary campaign covering 
the en� re gamut of earth’s atmosphere  from 
troposphere to ionosphere over the Arabian 
Sea and the Equatorial Indian Ocean, under 
the Integrated Campaign for Aerosols gases 
and Radia� on Budget (ICARB 2018) of SPL have 
been carried out on-board ORV Sagar Kanya, 
during January 16 - February 14, 2018. The main 
objec� ves are (i) scien� fi c und erstanding the  
climate eff ects of the con� nental ou� low of aerosols and trace gases to the oceanic region,  air-sea interac� on, 
(ii) atmospheric dynamical processes over marine regions and (iii) thermosphere energe� cs as well as the 
evolu� on and propaga� on of plasma bubbles in the equatorial ionosphere.  

TMA Vapour Release
The fi rst fl ight of Sounding Rocket Experiment (SOUREX) series has been carried 
out using RH 300 rocket from Thumba on April 06, 2018 at 19:30 IST, which  
carried three scien� fi c payloads ENWi, LP and Trimethyl Aluminium (TMA). This 
was the fi rst successful TMA vapour release experiment with an indigenous rocket 
from Thumba, which has been imaged from four loca� ons, Trivandrum, Kollam, 
Kanyakumari and Tirunelveli. This experiment will answer the hitherto unanswered 
ques� ons pertaining to the wind structure in the lower ionosphere region over the 
geomagne� c equator. 

vi

Ph.D awarded
N. MRIDULA
• “Study of Ionospheric Stratifications Over Equatorial and Low Latitudes”, University of Kerala, 

Thiruvananthapuram, October 2017 [Supervisor: Dr. Tarun Kumar Pant].
TIRTHAPRATIM DAS 
• “Study of noble gases in lunar exosphere using the CHACE-MIP observa� on of Chandrayaan-1”, Cochin 

University of Science and Technology, Kochi, October 2017 [Supervisor: Dr. Anil Bhardwaj].
M. B. DHANYA
• “Study of Lunar-Solar Wind Interac� on with the SARA Experiment aboard the Chandrayaan-1 Mission”, 

University of Kerala, Thiruvananthapuram, December 2017 [Supervisor: Dr. Anil Bhardwaj]. 
MANOJ KUMAR MISHRA
• “Studies on the Ver� cal Distribu� on of Atmospheric Aerosols and its Radia� ve Impact over a Tropical Coastal 

Sta� on, Trivandrum”, University of Kerala, Thiruvananthapuram, December 2017 [Supervisor: Dr. K. Rajeev].
P. R. SHREEDEVI
• “A study on the impact of space weather events on the ionosphere over the Antarc� c sta� on Bhar�  and the 

Indian subcon� nent”, Cochin University of Science and Technology, Kochi, January 2018 [Supervisors: Dr. Anil 
Bhardwaj, Dr. Rajkumar Choudhary].
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SPL Annual Report: 2016-17

Science Team:
 Rajeev K.
 Suresh Raju C.
 Kiran Kumar N. V. P.
 Manoj Kumar Mishra
 Nizy Mathew
 Santosh M.
 Renju R. (Since March 2018)

Technical Team: 
 Lali P. T.
 Ajeeshkumar P. S.
 Pramod P. P.
 Neha Naik
 Dinakar Prasad Vajja

Research Associates:
 Tinu Antony (Till January, 2018) 
 Ashok Kumar Gupta (Since June 2018)

Research Fellows:
 Nithin Mohan
 Lavanya S.
 Edwin V. Davis
 Sisma Samuel (Since March 2018)

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

M I C R O WA V E  A N D  B O U N D A R Y  L A Y E R  P H Y S I C S

NETWORK OF OBSERVATORIES FOR BOUNDARY LAYER EXPERIMENTS

9SPL Annual Report: 2017-18
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Clouds and Convection
Precise understanding of the diurnal cycle of cloud 
development and the associated feedback processes are 
critical in predicting the climate variability. Though 
the diurnal variation of convective clouds has been 
studied earlier using passive radiometric imagers, such 
observations cannot distinguish between the convective 
cores and the cirrus outflows (lasting up to 1-2 days) 
emanating from them, and hence significantly overestimate 
the deep convective area and underestimate the actual 
diurnal variation of their occurrence. Further, imagers 
cannot resolve altitude variation of deep convective 
clouds. A combination of CloudSat and CALIPSO (with 
CALIPSO providing information on optically thin clouds 
and CloudSat observing optically thick clouds) offer an 
ideal choice to investigate the vertical distribution of the 
total cloud system and has been used to derive the vertical 
distribution of tropical clouds and their day-night changes, 
focusing on distinct variations of thick convective clouds 
and thin cirrus outflows. Notwithstanding the limitations 
in the spatial and temporal sampling (arising from the 
observations made only along the sub-satellite track), 
these observations are the best of their kind available as 
of now to investigate the vertical cross sections of cloud 
distribution, their spatial and day-night variations. 

Day-night variations of the vertical distribu-
tion of clouds over tropics
Multi-year (2006-2010) seasonal mean latitude-altitude 
sections of the zonally averaged frequency of occurrence 
of all tropical clouds (FC_ALL, derived from the combined 
analysis of CloudSat and CALIPSO observations) in the 
afternoon (13:30 LT) and post-midnight (01:30 LT) peri-
ods during the northern summer (June-August) and win-
ter (December-February) over land and ocean separately 
are depicted in Fig.1. Large-scale convection and seasonal 
migration of the inter-tropical convergence zone (ITCZ), 
marked by high values of FC_ALL from <1 to ~16 km alti-
tude, are discernible in this figure. The largest values of 
FC_ALL (>30%) occur in the ~12 to ~16 km altitude band 
and arises from the large occurrence of cirrus clouds origi-
nating from convective outflows or remnants of convec-
tive precipitation. In addition to the above well-established 
characteristics, the following features are notable in Fig. 
1. The combined occurrence of all cloud types is more 
frequent during the nighttime. In the middle troposphere, 
this feature is rather confined near the ITCZ core location, 
while it extends meridionally in the upper troposphere. The 
night-day difference is the largest (13-18% in the absolute 
difference, which is 140-150% of the corresponding day-
time values of FC_ALL) in the upper troposphere, especially 
in the ~14-16 km altitude band and originates from the en-
hanced nighttime cirrus occurrence. This altitude band of 
the largest nighttime increase is located just above the al-
titude of the largest cloud occurrence (~14 km). The mag-

nitude of this nighttime increase of total cloud occurrence 
above ~5 km is largest over land. In contrast, cloud occur-
rence below ~5 km over land is largest during the day and 
is associated with the development of afternoon convec-
tion. Over ocean, the increased nocturnal cloud occurrence 
observed in the lower troposphere is caused by the frequent 
occurrence of low level clouds (especially marine stratocu-
mulus) during the nighttime. 

Figure 1: Multi-year (2006-2010) seasonal mean latitude-
altitude sections of the zonally averaged frequency of occurrence 
of clouds (FC_ALL) derived from the joint analysis of CloudSat and 
CALIPSO (2B-GEOPROF-LIDAR) data during (a) June-August 
(JJA) and (b) December-February (DJF) over land (top two 
rows) and ocean (bottom two rows). The left and middle panels 
represent the daytime (13:30 LT) and nighttime (01:30 LT) periods 
respectively. The corresponding difference plots (nighttime minus 
daytime) are depicted in the right panel [Gupta et al., 2018].

Observational Evidence for Enhanced Day-
time Occurrence of Convective Clouds in the 
Upper Troposphere: Re-defining Day-night 
Changes of Convection
Vertical profiles of cloud occurrence derived from CloudSat 
data reveals the enhanced occurrence and deeper penetration 
of convective clouds during the daytime, in contrast to the 
nighttime maximum in the composited occurrence of all 
cloud types observed using multi-decadal observations 
using passive radiometric imagers. Figure 2(a, b) depicts 
the longitudinally averaged multi-year (2006-2010) 
seasonal mean latitude-altitude sections of the frequency 
of occurrence of clouds detected using CloudSat (FC_CSAT, 
comprising mostly of thick clouds having water content >0.4 
mg m-3) during the daytime (13:30 LT) and the corresponding 
night-day differences FC_CSAT (01:30 LT) minus FC_CSAT(13:30 
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LT)) over the following four major tropical deep convective 
regions: (i) the Bay of Bengal (BoB 85-105°E), (ii) the East 
Equatorial Indian Ocean and the Western Pacifi c (EEIO 95-
125°E), (iii) South Central Africa (SCA 22-37°E) and (iv) 
the Amazon region (Amazon 55-65°W). The plot for the Bay 
of Bengal is during the northern hemispheric summer (June-
August JJA), while those over all other regions are for the 
northern winter (December-February DJF), as these seasons 
exhibit stronger deep convection over the above identifi ed 
regions. The frequency of cloud occurrence covering all 
cloud types (FC_ALL) obtained from the joint analysis of 
CloudSat and CALIPSO data are shown in Fig.2(c,d). This 
shows that the occurrence of optically thick clouds rapidly 
decreases above ~12 km with negligible occurrence above 
~15 km. In contrast, the combined occurrence of all cloud 
types maximizes between 13-16 km, because of the large 
occurrence of thin cirrus clouds. Further, the day-night 
variations in the occurrence of thick clouds and all clouds are 
distinctly diff erent: the former having a daytime maximum 
in the upper troposphere while the later maximizes during 
the night. The largest occurrence of all clouds during the 
nighttime is in agreement with the multi-decadal imager 
observations, while day-night changes of thick clouds are 
in contrast to this understanding. The enhanced convective 
cloud occurrence in the upper troposphere is observed over 
both land and ocean (e.g., Fig.3).

Figure 2: (a) Multi-year (2006-2010) seasonal mean latitude-
altitude sections of the frequency of occurrence of clouds observed 
using CloudSat (FC_CSAT) during the daytime over four tropical deep 
convective regions: (Row-1) the Bay of Bengal (85-105°E), (Row-
2) the East Equatorial Indian Ocean and the Western Pacifi c (95-
125°E), (Row-3) South Central Africa (22-37°E) and (Row-4) the 
Amazon region (55-65°W). The plot is for northern summer over 
the Bay of Bengal and for northern winter over all other regions. (b) 
Diff erence between the nighttime and daytime values of FC_CSAT. (c) 
Same as (a), but for the frequency of occurrence of all clouds (FC_

ALL) derived from CloudSat and CALIPSO. (d) Diff erence between 
the nighttime and daytime values of FC_ALL [Gupta et al., 2018].

Figure 3: (a) Latitude-altitude sections of the frequency of occur-
rence of clouds (FC_CSAT) over the tropical oceans detected using 
CloudSat during the daytime (left column), nighttime (middle col-
umn) and night minus day values of FC_CSAT (right column) during 
December-February (DJF 2006-2010). The FC_CSAT values for dif-
ferent ranges of radar refl ectivities (Z) are shown: -40 ≤ Z ≤ 50 dBz 
(top row), Z ≤ -10 dBZ (middle row) and Z ≥ 0 dBz (bottom row). (b) 
Same as (a) but for tropical continental regions [Gupta et al., 2018].

Probability distribution function of cloud 
thickness

The observed enhancement of daytime cloudiness in the 
12-15 km altitude region over both land and ocean during 
all seasons are mainly contributed by deeper penetration 
of convection to the upper troposphere. This is examined 
in Fig.4 using the normalized probability distribution 
functions (PDF) of the cloud layer thickness detected 
using CloudSat over the entire tropics during the northern 
summer and winter seasons (2006-2010). The PDFs 
generally maximize at cloud thickness of 1-1.5 km, most 
of which are contributed by the low level clouds or cirrus. 
During both the seasons, the probability of occurrence of 
clouds with thickness in the range of ~9 to 15 km is quite 
small but is distinctly larger during the daytime compared 
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to the night. This feature is more prominent over the tropical 
deep convective regions and will have ramifications in 
the water vapour content in the tropical tropopause layer 
(TTL) and its exchange with the lower stratosphere. On the 
other hand, the probability for cloud thickness between 1 
and 4 km is larger during the nighttime. This mainly arises 
from the more frequent occurrence of cirrus and marine 
stratocumulus clouds which are known to have a nighttime 
peak occurrence. 

Figure 4: Normalized probability distribution functions (PDF) 
of cloud layer thickness detected using CloudSat over the entire 
tropics during northern summer (top) and northern winter 
(bottom) [Gupta et al., 2018].

Radiative Heating of the Atmosphere  
by Clouds
Under clear-sky conditions, the troposphere is cooled by 
emission of long wave radiation and heated by the absorption 
of shortwave radiation by some of the atmospheric 
constituents including water vapour. The presence of 
clouds considerably modulates this radiative cooling in the 
troposphere. Latitude-altitude cross sections of shortwave 
(SW), longwave (LW) and net cloud radiative heating rates 
(obtained as all-sky minus clear-sky radiative heating rates 
derived from the R04 2B-FLXHR-LIDAR) over land and 
ocean during day and night in northern winter (DJF) and 
summer (JJA) over the tropics are shown in Fig.5. Over deep 
convective areas, LW cloud radiative heating rate is positive 
in the altitude region below ~12 km (due to LW trapping 
below the upper level clouds) and negative above (due to 
LW emission by the upper level clouds). The shortwave 
cloud radiative heating rate is significantly positive above ~ 
5 km altitude (due to absorption of shortwave radiation by 
the upper layer clouds), with largest heating between 9-13 
km, and negative below ~5 km (due to reduced availability 
of shortwave radiative flux below the upper level clouds). 
The net cloud radiative heating rate (sum of SW and LW 
CRHR) during the daytime is positive below ~14 km 
altitude over majority of the regions (except below ~1 km 
altitude over limited locations), with the largest magnitude 

between ~7 and 14 km and considerably lesser magnitude 
below ~5 km due to the shortwave cloud radiative cooling. 
Net CRHR during the night is the same as the LW CRHR 
and is positive below ~11 km. The net CRHR is negative in 
the upper troposphere, mainly above ~14 km during daytime 
and ~11 km during nighttime, the magnitude of which is 
largest during night due to the absence of SW CRHR. 

Figure 5: Latitude-altitude cross sections of SW, LW and net 
cloud radiative heating rates over land and ocean during day 
and night in northern winter (DJF) and summer (JJA) over the 
tropics. (a-d) are for land during DJF, (e-h) ocean during DJF, 
(i-l) land during JJA, and (m-p) ocean during JJA. Top row is for 
SW cloud radiative heating rate during day, second row is for 
longwave cloud radiative heating rate during day, third row is for 
net cloud radiative heating rate during day, and the bottom row is 
for longwave cloud radiative heating rate for night (same as the 
net cloud radiative heating rate for night) [Gupta et al., 2018].

Sensitivity studies on the impact of cirrus 
overlying convective clouds

The ubiquitous cirrus clouds above convective clouds can 
modulate the radiative heating caused by the latter. This 
has been investigated using radiation transfer simulations 
of shortwave and longwave radiative flux divergences and 
heating rates for distinct conditions during day and night: (i) 
for a deep convective cloud with cloud optical depth (COD) 
of 50 and occurring between 3 to 12 km altitude, and (ii) 
for a similar deep convective cloud capped by thin cirrus 
with COD of 1 and appearing between 12 to 15 km altitude. 
Figure 6 shows the atmospheric radiative heating rates by 
clouds through the shortwave absorption and longwave 
emission under these two conditions during day and night, 
simulated using SBDART (keeping all other atmospheric 
parameters the same for all simulations, while the cloud 
properties are varied). 

In the absence of cirrus above deep convective clouds: The 
net radiative cooling at top of the deep convective cloud is 
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very large during night compared to the daytime. The net 
radiative eff ect during both day and night is to increase the 
thermal instability by reducing the temperature at the cloud 
top altitude which can favour the upward movement at the 
cloud top layer (typically 9-12 km in the present case). The 
net radiative eff ect within the cloud layer during the daytime 
is to increase the temperature with altitude, contributing to 
a reduction of atmospheric instability in this altitude band, 
which will restrain convection in the middle troposphere 
compared to the nighttime, as observed in the vertical 
distribution of clouds.

In the presence of cirrus above deep convective clouds: 
The above scenario is modifi ed by the presence of a cirrus 
layer above the deep convective cloud top. In the example 
shown in Fig.6, the following processes take place during 
the daytime: (a) a net radiative cooling at the cirrus top ( 
-4 K/day) and a net heating within the deep convective 
cloud top layer (with peak heating of +7 K/day at 10 km 
in the present case). This would produce (or enhance) the 
instability between the deep convective cloud top and cirrus 
top, which can promote an upward growth of the convective 
cloud during the daytime. This increase in instability is larger 
than that observed in the absence of the capping cirrus. (b) 
Below the top layer of the deep convective cloud, the net 
radiative heating is positive which increases with altitude, 
causing an increase in stability (or decreasing the instability 
if present otherwise), which will abate convection. During 
the nighttime, considerable cooling takes place at the deep 
convective cloud top (-11 K/day at 11 km in the present case) 
which is followed by the cooling at the cirrus layer top (-6 K/
day at 14 km). The magnitude of the diff erences in cooling 
between 9 and 14 km is smaller during the night compared 
to the daytime. Though this will cause instability at the deep 
convective cloud top during the night, its magnitude will be 
smaller compared to the daytime. 

Figure 6: Simulated net radiative heating rates by clouds at 13:30 
LT and 01:30 LT (for summer at equator) under two conditions: 
for a deep convective cloud (COD = 50) in the 3-12 km altitude 
band (top), and for the same deep convective cloud but capped by 
cirrus (COD= 1) in the 12 - 15 km altitude band (bottom) [Gupta 
et al., 2018].

Postulate and Evidence for Radiatively 
Driven Convection

The combined vertical distribution of all clouds types 
shows enhanced occurrence during the nighttime (in 
agreement with the multi-decade observations carried 
out using satellite imagers), while the thick clouds show 
distinctly enhanced daytime occurrence in the upper 
troposphere above ~12 km. In contrast to the total cloud 
occurrence, the daytime enhancement of thick clouds in 
the upper troposphere occurs over both land and ocean. 
Detailed investigations show that this arises from the 
radiatively driven convection, as shown below. Radiative 
transfer simulations indicate that the profi le of cloud 
radiative heating rate can infl uence the occurrence of 
tropical high altitude clouds in two ways: (i) the longwave 
radiative cooling at top and heating at base of the high 
altitude clouds tends to destabilize the elevated cloud 
layer and hence increase the high altitude cloud amount 
(direct eff ect), and (ii) the net cloud radiative heating of 
the atmospheric column tends to stabilize the atmosphere 
(or weaken the prevailing convection), and hence decrease 
the high altitude cloud amount (indirect eff ect). Net cloud 
radiative heating and destabilization caused by upper 
tropospheric clouds including thick cirrus anvils can result 
in ascending of airmass in the upper troposphere. 

Cloud radiative heating derived from CloudSat and 
CALIPSO observations show that the level of transition 
from net cloud radiative heating to cooling increases from 
~11-12 km during night to ~13-14 km during daytime 
because of the shortwave heating of the cloud top during 
the day (Figs. 5). Average net CRHR over the tropics has 
a broad peak (magnitude of which varies between 0.3 to 
0.5 K/day) between 7-12 km during the day and 1-8 km 
during night over land and ocean during all seasons. One 
of the most important features observed in Fig. 5 is the 
rapid decrease in net CRHR with altitude in the upper 
troposphere over the deep convective regions during the 
daytime compared to night. This will cause increased 
instability of the upper troposphere during the daytime and 
enable further ascent of airmass up to ~14 km where the 
altitude variation of net cloud radiative heating becomes 
negligible. If a convective system forced from below 
(e.g., systems having suffi  ciently large moist static energy 
in the lower troposphere) is able to penetrate through the 
middle troposphere (where the cloud radiative heating can 
decrease the prevailing instability), the upper tropospheric 
cloud radiative heating and its rapid vertical gradient 
can lead to further penetration of the system to the upper 
troposphere and increase thickness of convective clouds. 
This mechanism can contribute to the increased thickness 
of the convective clouds as observed in Fig. 3, and 
enhanced daytime occurrence of deep convective clouds in 
the upper troposphere (Fig.2). 
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Extending the earlier studies which show that, if a net 
cloud radiative heating rate of 0.5 K/day at 11 km is to 
be balanced by adiabatic cooling associated with airmass 
ascent, the ascent rate should be about 0.4 cm/s, the present 
observations indicate the potential effect of cloud radiative 
heating in self propagation of convection to the upper 
troposphere during daytime and in regulating large-scale 
dynamics. The observed cloud radiative heating rates and 
the simulated cloud radiative effects suggest that the upper 
tropospheric airmass above ~12 km would have an upward 
component with greater magnitude during the daytime. 
The ERA interim reanalysis data show that average 
vertical velocities in the middle and upper troposphere 
up to ~300 hPa level over the tropical deep convective 
regions are upward, but have larger magnitude during 
night. The upward velocity rapidly decreases above ~300 
hPa level, but the magnitude of the updraft above ~150 hPa 
is generally larger during the daytime. All these features 
are in conformity with the observed vertical distribution of 
deep convective clouds, which shows enhanced daytime 
occurrence of convective clouds above ~12 km. This 
further supports the radiatively driven convection in the 
upper troposphere over deep convective areas which are 
generally manifested by the occurrence of deep convective 
clouds capped by cirrus. 

Mechanism for the Genesis of  
“the Pool of Inhibited Cloudiness” 
over the Bay of Bengal 
The occurrence of a “pool of inhibited cloudiness” extending 
over an area of  > 1 million km2 over the southwest Bay of 
Bengal during the Asian summer monsoon was revealed by 
an earlier study carried out at SPL. Its potential genesis from 
a mini-circulation embedded in the monsoon circulation 
was also hypothised. The role of cloud feedback in driving 
this circulation through large spatial gradient of latent 
heat released during precipitation and its relation with 
thermal gradient and circulation have been investigated in 
detail in a joint study by National Atmospheric Research 
Laboratory (NARL) and SPL. By combining spaceborne 
observations of cloud distribution and observations and 
reanalysis data on atmospheric winds, this study provides 
quantified evidence for the subsidence over the “pool” and 
documents the dynamical processes for the genesis of the 
pool. Reanalysis data show that the driving mechanism for 
the pool is a mini-circulation embedded in the large-scale 
monsoon circulation. The major portion of the dry sinking 
air mass over the “pool” region is shown to arise from the 
ascending air mass from the surrounding convective regions 
and is responsible for the persistent inhibition of cloud 
formation over the “pool” region. Stronger the subsidence 
from above, stronger is the surface wind divergence at 
the “pool” region. It in turn feeds back to stronger lower 
tropospheric moisture convergence in the head BoB (which 
positively feedback to convection over the BoB) and 
negatively feeds back to cloud formation over the “pool”.

Large amount of latent heat is liberated in the deep 
convective regions surrounding the “pool” while it is 
negligible in the “pool”, which causes a large spatial 
gradient in latent heating in the altitude region between 1 
and 10 km across the “pool” (Fig.7). This results in large 
thermal gradient between the “pool” and the surrounding 
convective regions (Fig.7). Scatterometer observations 
show that the surface winds are highly diverging in the 
“pool” while they are highly converging in the surrounding 
regions of the deep convection, which is also confirmed 
by the ERA reanalysis data (Fig.8). At the “pool”, upper 
level convergence (300 hPa) is well correlated with the 
lower level divergence. Increase in wind divergence at 
the 1000 hPa level at the pool is associated with increased 
convergence at the east BoB and the southeast Arabian Sea 
(Fig.8). Upper level divergence (300 hPa) over the east 
BoB is associated with wind convergence at the same level 
in the “pool” (Fig.8). These facts point to the closely linked 
circulation at the pool and the surrounding regions and 
strengthens the proposition of a mini-circulation embedded 
in the large-scale summer monsoon circulation.

Figure 7: (a) Altitude profiles of area-averaged latent heating 
rates derived from TRMM during the summer monsoon season 
(2006-2010) over the pool and convective regions surrounding it. 
The region marked as 5 to 10°N, 80° to 90°E corresponds to the 
pool. (b) Altitude profile of the mean temperature difference (∆T) 
between the northeast Bay of Bengal (15°-20°N; 90°-100°E) and 
the pool (5°-10°N; 80°-90°E) during the summer monsoon sea-
son, derived from reanalysis data [Nair et al., 2017].
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Diurnal variability of ABL over 
a tiny island Seychelles in the 
equatorial Indian Ocean
Extensive radiosonde observations from Mahé island, 
Seychelles, having an area of ~150 km2, conducted during 
Dynamics of Madden Julian Oscillation (DYNAMO) fi eld 
campaign, are used to characterize the vertical structure of 
ABL. Most in-situ observations of lower troposphere in 
the equatorial Indian Ocean region are episodic and have 
been done through ship based campaigns. The purpose of 
the present study is to fi nd out whether the tiny island can 
be considered as a large ship permanently stationed at the 
equatorial Indian Ocean for long term in-situ observations 
of lower troposphere.
The mean ABL height over island was observed to be 
greater than the reported marine ABL height for the Indian 
Ocean but lesser than that over continental regions or even 
large islands. The surface heating during daytime causes an 
increase in mean ABL height by only ~240 m as compared 
to night time residual layer height of ~740 m. There is a 
systematic diurnal variability in thermal structure limited 
to ~500 m altitude over the island. This can be considered 
as the typical height up to which the island directly aff ects 
the thermal structure of near-surface atmosphere. The 
thermal structure above this height over the island and the 
ocean appear similar, though the eff ect of daytime heating 
of the island does modulate the ABL top. 

Network of Observatories for 
Boundary Layer Experiments 
(NOBLE) Project
The ISRO-GBP-NOBLE project is aimed at investigating 
the atmospheric boundary layer characteristics and surface-
air interactions at distinct geographical and climate zones. 
This is mainly achieved through observations carried out 
using tower-based fast- and slow-response micrometeoro-
logical sensors mounted at multiple levels. The project aims 

to establish monthly mean variations of ABL parameters 
and energy fl uxes and investigate the role of ABL in region-
al meteorology and associated feedback processes at diff er-
ent geographical locations representing typical geographic 
and climate conditions prevailing in the Indian region. Nine 
stations have been established under the IGBP-NOBLE 
project (Fig. 9). During the reporting period Challekere 
(continental station in Deccan Plateau), Bengaluru (IISc) 
has been made operational since August 2017. Data are 
being collected and analysis is in progress. Preliminary re-
sults (January - April 2018) from Challekere station, when 
background meteorological conditions are rather dry and 
devoid of convection shows prominent diurnal variations 
of sensible heat fl ux, momentum fl ux and turbulent kinetic 
energy. Overall, mean values observed over Challekere are 
lower than those of seasonal mean values over Anantapur a 
semi-arid region in the neighbourhood of this station. 

Figu re 9: Locations of the network of NOBLE observations 
as on June 2018.

Figure 8: Horizontal wind divergence (s−1) at (a) 1000 (b) 500 and (c) 300 hPa, derived from reanalysis data during June – September 
(1996-2015). (d) Scatter plot of the lower level divergence (1000 hPa) over the “pool” versus that over the Bay of Bengal. (e) Scatter 
plot of the lower level divergence (1000 hPa) over the “pool”versus that over the west coast. (f) Scatter plot of the upper level divergence 
(300 hPa) over the “pool” versus that over the Bay of Bengal. The grid boxes selected are marked in (a) and (c) [Nair et al., 2017].
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Quantification of raindrop size distribution 
over tropical costal station Thumba
Variation of raindrop size distribution (DSD) is scrutinized 
using long-term (2007-2015) Joss-Woldvogel disdrometer 
observations over Thumba (8.5°N, 76.9°E), a tropical 
coastal station. The disdrometer data were classified 
based on the rain rate (R). The observed DSD shows well 
discernible seasonal variations. The contribution of drops 
in each season to the total number of drops at diameter D in 
each class (denoted by δ(D,R)), which is defined from the 
ratio of number of drops in one season at a diameter D and 
a rain rate R to the total number of drops in all seasons at 
the same D and R, are estimated. This study highlights the 
supremacy of large sized drops during pre-monsoon (PRE) 
compared to summer monsoon (SM) and post-monsoon 
(POST). It is found that the contribution of large diameters 
(>2 mm) to the total number of drops in an year is ~75%, 
~15% and ~10% during PRE, POST and SM respectively, 
while small drops (<1 mm) contributes ~25%, ~30% and 
~45% respectively during PRE, POST and SM seasons. 

An algorithm for detecting Micro  
Rain Radar echoes and classification  
of precipitating systems
Adaptive moment estimation method is used for analysing 
the vertically pointing Ka-band Doppler radar spectral 
data for estimating precipitation characteristics. This 
algorithm is used for estimating the Doppler velocity other 
moments. First, using the disdrometer data, precipitation 
is classified into convective, transition and stratiform 
regions. General features of three low order moments 
estimated during different rain regimes are found to be 
consistent with the classifications based on disdrometer. 
There is good consistency in the profiles of spectral 
moments during transition and stratiform events. However, 
there is strong signal attenuation during the convective 
rain conditions. Comparison of rainfall intensity from the 
MRR and disdrometer shows significant differences during 
intense rain period, whereas it shows reasonably good 
agreement during wide spread continuous rain. The overall 
correlation coefficient is found to be 0.953 for 15 MCS rain 
events. The accumulated rain using the MRR is 339 mm, 
whereas accumulation using disdrometer is 443 mm. The 
discrepancy is attributed to the attenuation of the MRR 
signal during heavy rainfall.

Microwave emissivity Characterization 
of arid regions 
As a part of extending the satellite-based microwave 
radiometer observations to land surface studies, the 
microwave channels of Tropical Rainfall Measuring 
Mission – Microwave Imager (TMI) were utilized to 
characterize the emissivity of dominant surface classes 
and their seasonality in Australia, which has vast area 
encompassing different types of deserts and arid/semi-

arid regions, dry savannahs and grasslands. Emissivity 
is a vital information to study soil moisture and effect 
of precipitation. Deeper penetration of microwaves into 
dry surface leads to the departure of effective radiating 
temperature (Teff) from the surface temperature (Ts). This is 
due to the daytime heating of the dry arid surface which, in 
turn, can cause diurnal variation in the difference between 
Ts and Teff. 

Microwave emissivity characteristics of differ-
ent arid/semi-arid land surfaces 
The microwave emissivity at Australia was derived at 10 
GHz using three years (2011–2013) of TMI observations. 
Figure 10 shows the monthly mean emissivity map of 
Australia during January. Low emissivity values (0.82–
0.84) are observed in the Great Sandy desert in the Western 
plateau and the Simpson and Strzelecki deserts in the 
southeastern part where large sand dune fields dominate. 
The emissivity of Great Victoria Desert ranges from 0.84 
to 0.88, which has large variety of arid-land, adapted 
shrubs, and small plants. Grassland cover in the arid zone 
(20°S, 135°E) has relatively higher emissivity (0.92–0.94), 
while low emissivity values (<0.80) are observed in the 
disorganized lakes existing in arid regions. 

Figure 10: Land surface microwave emissivity over Australia at 
10 GHz during January. The regions marked are R1 – Lake Eyre, 
R2 – Simpson–Strzelecki desert, R3 – Murray river basin, R4 – 
subtropical forests, and R5 – Western plateau [Tinu et al., 2018].

Spectral and spatial variations of land surface emissivity 
across Australia are analysed by taking a longitudinal strip 
of landmass in the latitudinal band of 24°S – 25°S, which 
encompasses a wide range of surface classes (as labelled in 
Fig.11) spanning from the Indian Ocean in the west to the 
southwest Pacific Ocean in the east. These surface classes 
fall in different climatic zones - arid interior to the humid 
subtropical coastal region. The mean emissivity (8 pixels 
along the latitude) at 10 GHz for H polarization for every 
0.125° longitudinal grid is plotted and the regions with 
distinct emissivity characteristics are identified (Fig.11) 
which shows significant longitudinal variation of emissivity 
(0.74 to 0.96), and increase in emissivity with biomass 
while moving from arid to tropical forests in the east. 
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Figure 11: Longitudinal variation of emissivity for January 2011 
(summer) in the latitude belt of 24°S–25°S. The emissivity at 10 
GHz is compared with emissivities at 19 and 37 GHz of TMI [Tinu 
et al., 2018].

Detailed analyses on the infl uence of the disparity between 
Teff  and Ts in emissivity estimation over diff erent arid land 
surface classes at diff erent times of the day (at 00, 06, 
12, and 18 UTC) showed a signifi cant diurnal variation. 
However, daily mean emissivity is found to be very close 
(<0.01) to the emissivity at 00:00 UTC which correspond 
to the local morning hours when the thermal equilibrium 
between land surface and atmosphere prevail. This 
analysis indicates that minimum deviation between Teff  
and Ts would be achieved by using meteorological satellite 
observations during the morning hours. Further, the daily 
average emissivity based on observations at diff erent times 
of the day (such as those from Megha-Tropiques and TMI) 
can provide another alternative estimation of emissivity 
with minimum temperature eff ect. 

Chandra’s Surface Thermo-Physical 
Experiments (ChaSTE) payload 
development, qualifi cation and 
functional evaluation
Chandra’s Surface Thermo-Physical Experiments 
(ChaSTE) is a payload on board Lander of Chandrayaan-2 
mission with the objectives to (1) measure the temperature 
profi le with depth of lunar regolith during the lunar day, 
and (2) measure the thermal conductivity of the regolith. 
To meet these objectives, the payload is equipped with 
three major units: (i) a thermal probe housing Pt1000 ther-
mal sensors (10 Nos) and a heater, (ii) a mechanical sys-
tem for the deployment and penetration of the probe and 
(iii) a data acquisition-control-payload interface electron-
ics unit. These units are developed and tested separately 
and integrated and evaluated to assess the payload per-
formance. The development of the payload has followed 
Engineering model (EM), Qualifi cation model (QM) and 
Flight model (FM) philosophy. The EM and QM were de-
veloped and all the qualifi cation tests and functional evalu-
ation were completed. The FM development is ongoing. 
The project has been realized with strong collaboration 
between SPL and other entities of VSSC (MVIT, PCM, 
STR, AERO, PRSO, SR, AVN, MEE) and PRL, Ahmed-
abad. Major activities carried out for the QM develop-

ment and its test and evaluation are summarized below. 

Development and Qualifi cation of ChaSTE 
probe:
The development and qualifi cation of the probe module involve 
(a) development of probe material, potting compounds and 
bonding materials, and their qualifi cation, (b) structural design 
of the probe and estimation of the penetration force required, 
and (c) bonding of the probe with the adaptor with which 
deployment mechanism is interfaced, bonding of the sensors 
and heater, and qualifi cation of the probe as a subsystem. 
Besides these, the probe underwent diff erent levels of quality 
inspections and non-destructive tests, including acoustic test 
to check any delaminating, porosities, and X-ray radiography 
test to check the eff ectiveness of bonding. 

Probe material, potting compounds and 
bonding materials 
The probe material has very low thermal conductivity 
and suffi  cient strength to support its penetration under the 
lunar environmental conditions was developed by PCM/
VSSC. The material chosen is a synthetic foam composite 
consisting of a blend of cyanate ester reinforced with 
glass fi ber, glass micro balloons and cork. The composite 
is processed by compression moulding technique and 
fi nally machined into the required probe dimension. The 
qualifi cation of the probe material was carried out as per 
ETLS test plan document of CH-2 mission. In order to 
reduce the penetration force, outer diameter of the probe 
portion is kept as 20 mm. Sleeve which houses the probe 
has 36 mm diameter. To provide lateral support during 
transport, the probe is provided with lobes. 

Estimation of penetration force, structural 
designing and qualifi cation of the probe
Penetration force estimation: The penetration force in the 
lunar simulant was estimated at diff erent compactions by 
varying bulk densities from 1.2 to 1.92 g/cc using Universal 
Test Machine. These experiments are also aimed to fi nd 
out impact of frictional force and advantages of Ti-tip 

Figure 12: Load required for penetration at diff erent compactions 
with Ti-tip and composite tip.
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instead of composite flat tip. About 50 N force advantage 
was observed in case of Ti-tip probe insertion into higher 
bulk density >1.9 g/cc conditions of lunar simulant in 
comparison with composite tip (Fig.12). Ti-tip for the 
probe was recommended on the basis of this analysis. 

Structural Test Analysis: The probe was subjected to 
structural test to demonstrate the load carrying capacity 
for axially and lateral loading conditions (Fig.13). The 
breaking load was estimated by holding horizontally and 
loading on the Ti-tip. 

Figure 13: Structural tests of the probe with axial loading (top) 
and lateral loading (bottom).

Probe Integration and its Qualifications: The Ti-Tip, 
10 numbers of Pt1000 thermal sensors and a heater were 
bonded with the space qualified probe. The front-end of the 
probe was fitted with metallic tip of titanium and back-end 
of the probe was fitted with vespel adaptor to interface the 
probe with deployment mechanism. In order to ensure the 
health of the joint, the torque retention test was carried out by 
torqueing 80% of the specified value on specimen coupons 
after they are subjected to thermovac cycle for +50° C to 
-120° C for 6+1 cycle. The integrated probe with sensors, 
heater, Ti-tip and vespel adaptors are shown in Fig. 14. 

The integrated probe was subjected to vibration and 
thermovac tests for 10 thermal cycles of -120°C to +80°C 

(Fig. 15 top panel) and cold and hot soaking for 24 hrs in 
the temperature range of -120 oC to +100 oC (Fig.15 bottom 
panel). During the Thermovac tests, the heater function is 
evaluated by powering it. Besides the integrated probe, the 
thermal sensors (Pt1000) and heaters were subjected to 
qualification tests as per the ETLS and continuous operation 
for 2000 hours were conducted by QDAC/SR of VSSC. 

 

Figure 15: (Top panel) Thermal cycling of ChaSTE probe, 
(Bottom panel) Passive Thermal Soak (-120°C, 6 hrs and +100, 6 
hrs under vacuum conditions).

Development and Qualification of Deployment 
Mechanism 
The deployment and penetration mechanism of ChaSTE 
has been designed and developed by MVIT/VSSC. 
ChaSTE has three mechanisms namely: (i) Hold and 
Release Mechanism (HRM): HRM uses a frangi-bolt which 
holds the payload in the stowed configuration during flight 
and releases it on command after landing. (ii) Deployment 
Mechanism (DM): After the release of the payload, DM 
uses BLDC motor for the deployment of the payload. 
After the deployment, the mechanism gets locked in the 
deployed condition by the locking pin. (iii) Penetration 
Mechanism (PM): Post deployment, the probe attached 

Figure 14: Integrated thermal probe of ChaSTE payload.

18



with the ball screw will drive the probe into regolith. 
The QM mechanism underwent tests such as integrated 
deployments and penetration in to lunar simulant at 
diff erent landing conditions besides the qualifi cation tests 
such as vibration and thermo-vac according to the ETLS of 
CH-2 mission. 

Development and Qualifi cation of Electronics 
module
The electronics module has two components (1) Front-
end electronics for data acquisition, developed at PRL, 
Ahmedabad, and (2) Processing electronics for controlled 
deployment, probe penetration and telemetry and tele-
command, developed at SPL. QM of the electronics 
modules are completed. Integrated test and evaluation of the 
FM electronics module with the deployment mechanism is 
pending. As a part of the space qualifi cation, QM modules 
were subjected to vibration, EMI and thermo-vacuum 
cycling (Detailed in the Section on ATD).

Functional Evaluation of the QM probe
A functional test of integrated ChaSTE payload (QM) 
has been carried out (TSCD/PRSO/VSSC, ASMG/VSSC, 
SPL/VSSC) by driving the probe into lunar simulant 
based on the command from the electronics module in a 
controlled manner. During this test, an artifi cial heating of 
the simulant surface by using IR lamps has been arranged. 
The heating rate was set same as that at the landing site of 
Chandrayaan-2. The experiment was also aimed to study 
(i) the touching down of the fi rst sensor, (ii) the response 
of other thermal sensors as getting inserted into lunar 
simulant to infer the depth of penetration, (iii) response 
of each thermal sensors under diff erent thermal gradient 
condition maintained vertically across the Lunar simulant. 
The temperature variation experienced by each of the 
sensor is shown in Fig. 16.

Ground Segment
The data coming from ChaSTE payload will be received 
and processed at ISSDC, Bangalore. The Level-0 data 
preparation requirements were given as preliminary 
input to Chandrayaan-2 project. Hardware and software 
requirements of ChaSTE payload during commissioning 
and operation in MOX, ISSDC and ChaSTE Payload 
Operation Centre at SPL have been fi nalized. Quick 
Look Display (QLD) processing is primarily designed to 
visualize the raw data received as it is. QLD data processing 
software for the ChaSTE is being developed to read, extract 
and display the BDH data from the raw data. The raw and 
processed data needs to be archived as per planetary data 
archive standard (PDS) before disseminating the science 
data to the scientifi c user community. PDS version 4.0 
(PDS4) is adopted for CH-2 mission. The data archive 
will be hosted by ISDA (ISRO Science Data Archive) at 
ISSDC. PDS4 archive preparation software for ChaSTE 
shall be deployed at ISSDC. 

Radio Observation of Venus at 
decimeter/meter Wavelengths using 
the GMRT
The Giant Meter-wave Radio Telescope (GMRT) observa-
tions of Venus at multiple frequencies (decimeter/meter 
wavelengths) were conducted by SPL in collaboration with 
NCRA Pune. The GMRT observations of Venus provided 
the Stokes parameters (I, Q, U, V) at wavelengths 24 cm 
and 50 cm (1297 MHz and 606 MHz). The degree of polar-
ization (DOP) map of Venus was obtained by numerically 
combining the I, Q, and U parameters measurements. 

Figure 17 shows the variation of the DOP across the disk 
of the planet at 1297 MHz. The DOP increased steadily 
from the centre of the disk towards its limb. At 607 MHz 
(not shown here) the DOP increased from ~5% to ~22%, 
and that at 1297 MHz varied from ~5% to ~35% towards 
the limb. The grayscale in Fig. 17 shows the DOP maps, 
with the contour lines overlaid to represent the quantifi ed 
DOP. The dielectric permittivity of the Venus surface will 
be estimated from the DOP values as an ongoing part of 
Venus studies. 

Figure 16: The response of 10 thermal sensors under diff erent 
thermal gradient conditions maintained vertically across the 
lunar simulant.

 
Figure 17: Images of DOP map of Venus at 1297 MHz.
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Future Projections
• Completion and delivery of Flight Model of ChaSTE payload and pre-launch activities 
• Setting up of the ChaSTE Ground Segment and analysis of data from lunar regolith.
• Consolidation of results from NOBLE stations for diurnal variation of ABL characteristics.
• Installation of UHF Profiler. 
• Investigation of deep convective cloud distribution and free tropospheric humidity from MT-SAPHIR data.
• Association between cloud vertical distribution and Hadley and Walker circulation, including the effect of ElNino. 
• Diurnal variation of cloud radiative forcing over the tropics using multi-year MT-ScaRaB observations.
• Consolidation of the analysis of GMRT observation of Venus surface emission.
• Development of RT based surface parameter retrieval algorithm from the radiometric measurements of Martian surface.
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Human activities alter our living environment by injecting a variety of gases 
and particulate matter (aerosols) in to the atmosphere, most of them being 
hazardous to life. Even though they are minor species in terms of their mass/
volume, they play key roles in the Geosphere-Biosphere system aff ecting 
the life forms and their living environment, when their concentration levels 
exceed the set thresholds. ACTG branch aims at focussed research on the trace 
gases of environmental and climatic signifi cance like O3, CO2, CH4, N2O, H2O, 
CO, NO2, SO2 etc. and aerosol chemical composition. The primary objective 
of this branch is the evolution of 3-dimensional distribution (in latitude-
longitude-altitude) of these minor constituents over the Indian land mass and 
surrounding oceanic environments making use of state-of-the art experimental 
facilities satellite based data and modelling. The major experimental facilities 
include on-line trace gas and  green house gas analysers, aerosol samplers, 
Aerosol counter, carbon analysers, ion chromatograph, gas chromatograph, 
ICP and balloon-borne ozone-sondes, etc. For the spatial coverage in addition 
to fi xed location measurements, we conduct campaign mode measurements in 
collaboration with other research laboratories/Universities. We also participate 
in ship-based campaigns like ICARB (Integrated Campaign for Aerosols gases 
and Radiation Budget) for oceanic coverage. This branch is also involved in 
the polar research programme by conducting measurements of O3, CO2 and 
aerosol sampling at Antarctica. Recently steps have been taken to initiate 
modelling studies. The outcome of the research activities of this branch has 
applications in the areas of climate/weather research, air pollution assessment 
and control measures, environmental and health impact assessment, and 
design/development/validation of space-borne payloads for satellite remote 
sensing.

A E R O S O L S  C H E M I S T R Y  A N D  T R A C E  G A S E S

21SPL Annual Report: 2017-18

A
C
TG



Atmospheric Aerosols
In-situ measured number density-size distri-
bution of aerosols at the coastal environment 
of Thumba

Based on 3 years of in-situ measurements of size resolved 
aerosol number density during 2011 to 2013, detailed 
analysis of the size characteristics of aerosols were carried 
out. The number density-size distribution (NSD) of aerosols 
is measured using the Aerosol Spectrometer which makes 
real time measurements of aerosol number density in 15 
discrete size channels ranging from 0.3 to 20µm. 

Total aerosol number density and NSDs

The total aerosol number density at the study region shows 
strong and consistent diurnal variation throughout the year 
even though the seasonal amplitudes exhibit diff erences. 
A two-fold increase is seen in nighttime number density 
in comparison to daytime values. The observed diurnal 
changes at the study region are found to be closely 
linked with the mesoscale meteorological conditions of 
this location. The total aerosol number density peaks 
during the winter months of December-February (DJF) 
with values reaching 4×108m-3 and decreases through 
the month of March to May (pre-monsoon) with a mean 
value of 2×108m-3. During the monsoon months of June to 
September (JJAS), it reduces drastically to ~7×107m-3.

Figure 1: Typical mean Number Density Size Distribution (NSD) 
at the study location [Aryasree and Nair, JASTP, 2017].

The mean NSD obtained for 2013 retrieved from the 
size-segregated number density measurements (Fig. 1) 
shows multi-modal nature with two prominent modes, 
one in the fi ne particle range (<0.15μm) and the other in 
the accumulation size range (around 1μm). There are less 
pronounced modes seen in the radii range ~0.3-0.5μm and 

~5-8μm (marked by the dotted arrows in Fig.1). The NSDs 
exhibit large day to day variability as well as monthly 
variations, but with a consistent seasonal behaviour (Fig. 
2) linked with the synoptic meteorological feature of 
this region namely the South Asian monsoon. The fi ne 
particle concentration peaks in winter months of DJF and 
decrease by post monsoon (MAM) reaching minimum in 
monsoon (JJAS). On the other hand, the coarse particle 
(≥1μm) concentration peaks in monsoon and attains 
minimum in winter and post monsoon (ON). The NSDs 
were parameterized and analyzed on seasonal basis. The 
fi ne particle mode can be represented by inverse power 
law distribution with the size index ranging from 4.5 to 5. 
Large particle mode is fi tted with log normal distribution 
with seasonally varying mode radius of 0.67 to 0.85µm and 
distribution width in the range 0.64 to 0.70. The NSDs also 
exhibited strong seasonal changes. The fi ne particle mode 
becomes more pronounced in winter and the large particle 
mode in monsoon/pre-monsoon.

Figure 2(a): Seasonal variation of NSD over the coastal site 
Thiruvananthapuram, (b) and (c): NSDs zoomed in for fi ne and 
coarse modes respectively [Aryasree and Nair, JASTP, 2017].

Monthly/seasonal variation of particles of diff -
erent size ranges (PM1, PM>1, PM1-3, PM3-5 
and PM>5)

Information on aerosols/Particulate Matter (PM) with 
aerodynamic diameter up to 1µm, 2.5µm and 10µm 
referred as PM1, PM2.5, and PM10 particles, respectively, 
are used eff ectively in the environmental and health related 
studies. The measured number density of particles in the 
various size ranges were grouped as (1) Particles with 
aerodynamic diameter between 0.3 to 1µm (referred as PM1 
and as fi ne particles in this study) (2) PM>1 referred as the 
coarse particles, (3) Particles between size range 1-3µm 
referred as PM1-3, (4) Particles of size greater than 3µm 
and ≤ 5µm (represented as PM3-5) and (5) Particles of size 
greater than 5µm represented as PM>5 and their monthly 
variations are examined (Fig. 3a‒e). The aerosol number 
density in diff erent size ranges peak in diff erent seasons 
indicating seasonal diff erences in the active sources.
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The PM1 particles which are formed mostly through gas-
to-particle conversion and are mostly of anthropogenic 
origin show an increase towards the winter months with 
values reaching ~4×108 particles m-3. Moreover, this 
season is favourable for the advection of inland air mass 
over to the experimental site. The number density of PM1 
reaches minimum in monsoon (~1×108 particles m-3) with 
an intermediate value in pre-monsoon (~2×108 particles 
m-3). The wet removal processes associated with south 
west monsoon deplete the aerosol loading. PM1 particles 
showed the pattern of total aerosol number density (not 
shown here) since it is dominated by PM1 particles (or 
the fi ne mode particles). On the other hand, the larger 
particles PM1-3 in addition to winter peak, show two other 
peaks one in monsoon months due to wind induced sea 
spray production, other in pre-monsoon/summer (MAM) 
(attributed to transport of soil dust) with minimum in post 
monsoon months of ON. The particles with size range 
3-5µm exhibit a broad peak extending from winter to 
summer (DJF and MAM). PM>5 particles peaks in winter 
season and remains more or less steady in other seasons. 
The overall increase in large sized particles (PM>3) in 
winter can be attributed to the wind-blown soil dust from 
inland. Larger particle (PM>5) domination is also seen 
during winter, which could be soil dust which arise due 
to dry conditions. It is also seen that metallic species like 
Fe, Al and Ca and trace metals (Cu, Zn, Pb, Ti, etc.) shows 
peak in pre-monsoon and winter indicating the dominance 
of continental/crustal sources. 

Impact of meteorology on aerosols: 
size-dependence

Eff ect of meteorological conditions on aerosol number 
density is found to be size-dependent as revealed by 
the correlation analysis. While the PM1 and PM>3 
particles depict a positive association with temperature 
(T), particles in the regime PM1-3 exhibit negative 
correlation. Another feature is that PM1 particles shows 
negative correlation with RH whereas PM1-3 particles 
clearly gives positive correlation. On the other hand, 
particles of size >3µm is negatively correlated with 
RH, even though with a lower correlation coeffi  cient. It 
should also be noted that T and RH are anti-correlated. 
Also, PM1-3 particles show increase with increase in 
wind speed with a correlation coeffi  cient of 0.42 with 
p<0.005. At the same time the fi ne mode particles 
show negative correlation with wind speed and PM>3 
particles show positive dependence, but with low 
signifi cance level. To understand the eff ect of rainfall on 
aerosol number density as a removal mechanism, their 
mutual dependence was also examined by studying the 
correlation between aerosols in diff erent size ranges and 
the rainfall. While the fi ne mode and coarse particles 
show negative correlation with rainfall due to wash out, 
the large particles (PM1-3) exhibit positive association 
with rainfall. Both wind speed and rainfall are mostly 
part of monsoon and their roles on the aerosol system 
are opposite, their eff ects need to be analysed further. 

 
Figure 3: Monthly variation of number density of aerosols in diff erent size ranges namely (a) PM1 (fi ne particles), (b) PM>1 (coarse 
particles), (c) PM1-3, (d) PM3-5 and (e) PM>5 [Aryasree and Nair, JASTP, 2017].
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However, it is known that the concentration of sea-spray 
aerosols increases with wind speed and may overtake 
the depletion due to rain during monsoon activity. These 
effects of meteorological conditions on aerosol number 
density were confirmed by the partial correlation analysis 
excluding the mutual dependence.

Aerosol Chemistry
Carbonaceous and inorganic aerosols over a 
sub-urban site in peninsular India

Among the airborne particulates, the carbonaceous 
fractions comprising of elemental carbon (EC) and organic 
carbon (OC) varies from 20 to 50% of the total aerosol 
mass, forming a significant component of the atmospheric 
aerosols. Regionally, scarce chemical composition 
measurements especially the carbonaceous aerosols can 
lead to large uncertainties in the quantification of their 
role in cloud condensation and aerosol radiative forcing. 
The details on the chemical characteristics and sources 
of carbonaceous aerosols over a sub-urban site Ettimadai 
in Coimbatore (inland location in peninsular India) are 
investigated. The temporal variations observed in the 
concentrations of organic and elemental carbon, water-
soluble and insoluble components of organic carbon and 
total organic nitrogen, along with the major inorganic 
cations and anions and their sources during various seasons 
of the year have been established. Primary and secondary 
compounds of OC were estimated from the minimum OC/
EC ratio obtained for the corresponding seasons. 

Boundary layer PM10 aerosol samples collected from 
Coimbatore, on day and night basis during pre-monsoon, 
monsoon, post-monsoon and winter periods of 2014-16 
showed a large variability from 7.6 to 101 µg m-3 with an 
annual average of 41 ± 21 µg m-3. The seasonal contributions 
of various aerosol components with respect to PM10 mass 
are shown in Fig. 4. Total carbonaceous aerosols and water 
soluble ionic species contributed to 31% and 45% of PM10 
mass respectively. SO4

2- was the most abundant species 
(average: 9.8 ± 4.8 µg m-3) and constituted for 24% of total 
mass followed by organic carbon (OC) with an average of 7 
± 3.6 µg m-3 accounting for 17% of PM10 mass concentration. 
POC (primary organic carbon) and SOC (secondary organic 
carbon) accounted for 56% and 44% of OC respectively. A 
major portion of OC (~ 60%) was found to be water soluble. 
In atmospheric aerosols, O, N and H may also contribute 
significantly to organic matter. Hence, particulate organic 
matter (OM) is estimated by multiplying OC with a factor 
of 1.6, which is a typical ratio of the molecular weight 
to weight of carbon for the organic aerosols of ambient 
atmosphere. Highest abundance of PM10 (avg:59 ± 13 µg 
m-3) and all the carbonaceous species were recorded during 
winter followed by pre-monsoon, post-monsoon and lowest 
during monsoon period. However, crustal species like Ca2+, 
Mg2+ and HCO3

- were found to peak during pre-monsoon 

period. Significant correlation of K+ with OC, EC, POC, 
WSOC and comparison of ratios of K+/EC-0.67 and K+/
OC-0.12 with literature data suggests biomass burning 
as one of the major contributor of carbonaceous aerosols 
over this region as K+ acts as a good tracer for identifying 
biomass burning sources.

Figure 4: Mass concentration of different aerosol components 
in PM10 for pre-monsoon (March 2014), monsoon (August 2014, 
June 2015), post-monsoon (October 2016, November 2016) 
and winter (February 2015, December 2016) collected from 
Coimbatore during 2014-16 [Aswini et al., Atmos. Res., 2018]. 

Day-night contribution of different species to mass loading 
is shown in Fig 5. PM10 concentration was found to be 
influenced by ionic species of natural origin (Ca2+, Mg2+, 
HCO3

-) during daytime while by anthropogenic sources 
(NH4

+, SO4
2-, NO3

-) during night-time. High concentration 
of crustal species during daytime suggests that windblown 
mineral dust adds to the mass loading during daytime. 
OC-EC as well as OC-K+ showed good correlation during 
night-time compared to day-time indicating their origin 
from common sources during night-time which can be 
mostly from combustion sources like biomass emissions. 

Figure 5: Contribution of aerosol components to the total mass 
(PM10) of the aerosol samples for daytime and night-time at 
Coimbatore. Un-analysed fraction (UAF) was calculated from the 
difference between PM10 mass and sum of analysed components 
mass concentrations [Aswini et al., Atmos. Res., 2018].

Lower correlation between OC-EC and higher OC/EC 
ratio during daytime shows the contribution of OC from 
additional sources (Fig. 6). The SOC was found to show 
very high day and night variability with day-time high 
indicates the additional source for OC from secondary 
production that may be aided by photochemistry. Thus the 
study region is significantly influenced by biomass burning 
sources, however, daytime photochemistry and wind-
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blown local mineral dust plays major role in modulating 
the chemical composition of atmospheric aerosols over 
this region.

Figure 6: Scatter plots showing correlation between OC-EC and 
OC-K during day-time (N=34) and night-time (N=34) in PM10 
samples along with the best fi t lines [Aswini et al., Atmos. Res., 
2018].

Atmospheric Trace Gases
Decadal changes in surface ozone at the tropi-
cal station Thiruvananthapuram: eff ects of 
anthropogenic activities and meteorological 
variability

Long-term changes in surface ozone (O3) - a major 
environmental pollutant and green house gas - over a 
period of about 40 years from 1973 to 2014 have been 
studied along with satellite-retrieved tropospheric column 
O3 at the tropical coastal site, Thiruvananthapuram. The 
observed trends are examined in the light of the changes in 
NO2, a major precursor of O3, methane, and meteorological 
conditions. From 1973 to 1997, surface O3 shows a slow 
increase of ~0.1 ppb/yr and a faster increase of 0.4 ppb/yr 
afterwards till 2009 after which it showed a levelling-off  till 
2012 followed by a minor decrease (Fig. 7a). The highest 
rate of increase is observed during 2005 to 2009 (2 ppb/yr) 
and the overall increase from 1973 to 2012 is ~10 ppb, the 
rate of increase being 0.20 ppb/yr. The increase in day time 
O3 (peak O3) is estimated as 0.42 ppb/yr during 1997-2012 
and 2.93 ppb/yr during 2006-2012, is partly attributed to 

increased production of precursor gases like NOx, CO, CH4, 
VOCs, etc, due to anthropogenic activities, in particular, 
the vehicular emissions as revealed by statistical data. The 
long-term trend in O3 showed seasonal dependence (Fig. 
7b), as an increasing trend is found to be more pronounced 
during O3 peaking seasons (winter/summer) due to the 
increase in precursor levels and photochemical activities. 

Figure 7: (a) Monthly variation of surface O3 (full diurnal cycle 
averaged) from 1973 to 2014 with the red hollow circles denoting 
the corresponding annual means and the blue rectangles 
represent the annual mean of daytime O3, with the vertical bars 
representing the standard error (b) Inter-annual variations in 
surface O3 during diff erent seasons [Nair et al., ESPR, 2018].

Association with precursors

Surface O3 and NOx (NO+NO2) exhibited a positive 
association, but with varying rate of increase of O3 for 
NOx<4 ppb and >4 ppb due to the low NOx and high NOx 
conditions playing varying roles in O3 chemistry. While 
for surface NOx below 4 ppb, surface O3 increases at the 
rate of 2.64 ppb, at higher levels of NOx (> 4 ppbv), its 
increase is at the rate of 0.58 ppb. Tropospheric column 
CH4 is another precursor of tropospheric O3. In the absence 
of surface CH4 measurements during the study period, 
satellite retrieved column CH4 is used for the study which 
showed an increase of 4ppb/yr indicating that this also 
would have partially contributed to increase in surface O3. 

Role of meteorology

Unlike many other high latitude locations, meteorology 
plays signifi cant role in the long-term trends in O3 at this 
tropical site with water vapour abundance and strong solar 
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irradiance which favour photochemistry. The surface O3 
is positively correlated with daily maximum temperature, 
increasing at the rate of 1.54 ppb/°C on yearly basis (Fig. 
8), while it is negatively correlated with RH which is also a 
measure of water content of the atmosphere, capable of O3 
depletion. The correlation analysis between O3 and water 
vapour content (ρv) shows that, decrease of 2.39 ppb/g m-3 

in surface O3 is observed for ρv < 22 gm-3 and increase of 
2.56 ppbv/g m-3 for ρv >22 g m-3. Hence, this study reveals 
that higher level of water vapour content in atmosphere 
aids the O3 production, whereas lower levels deplete O3. 
This could be due to the varying feedback mechanisms 
and non-linear chemistry involving OH radical, NOx and 
precursors like CH4 and other VOCs. 

Figure 8: Scatter plots showing the dependence of day time 
surface O3 (a) on Tmax (b) on RH [Nair et al., ESPR 2018].

Trends in Tropospheric Column O3 (TCO)

Monthly mean tropospheric column O3 (TCO) data 
retrieved from Ozone Monitoring Instrument (OMI) on 
board Aura satellite have been used in this study for the 
period 2005-2014 and prior to which (1979-2005) the data 
from TOMS measurements are used. The tropospheric 
column NO2 data is obtained from GOME (Global Ozone 
Monitoring Experiment) for the period 1996-2003 and 
from OMI afterwards. The satellite-retrieved Tropospheric 
Column O3 (TCO) also showed an increase of 0.03 DU/year 

during 1996-2005 which enhanced to 0.12 DU/year after 
2005 as in the case of near-surface O3. TCO also showed 
less pronounced seasonally varying trends. However, no 
consistent or strong trend is seen in tropospheric NO2 for 
the period of 1995–2015. But there is an increase of ~ 
6.9×1010 molecules cm-2 in NO2 after 2005 till 2012 similar 
to TCO. On long-term basis, the surface and tropospheric 
O3 are not well correlated at this tropical site, probably 
due to the presence of strong convective activity and 
presence of water vapour content. Tropospheric O3 is better 
correlated with tropospheric NO2.

Near-surface CH4 at Thiruvananthapuram: 
impact of mesoscale and synoptic meteorology 

The large uncertainties in the estimates of emission 
of greenhouse gases and the large spatial gaps in their 
measurements, demand the studies on the concentration 
level and its variability of these gases on regional basis over 
the Indian region. With this in view, near-surface methane 
(CH4) measurements were initiated at the tropical coastal 
station, Thiruvananthapuram. The in-situ measurements of 
CH4 was carried out during January 2014 to August 2016, 
using an on-line CH4 analyzer working on the principle of 
gas chromatography. The study location, being a tropical 
coastal site is strongly influenced by mesoscale circulations 
like Sea Breeze (SB, wind from sea to land) and Land 
Breeze (LB, wind from land to sea) and also the synoptic 
meteorological phenomenon of monsoon. In this context, 
the impacts of mesoscale meteorology on the diurnal 
variations of near-surface CH4 and synoptic conditions on 
seasonal variations are addressed.

Diurnal variations 

The diurnal variation shows a daytime low (1898–1925 
ppbv) and night time high (1936–2022 ppbv) extending till 
early morning hours as seen from the mean diurnal pattern 
of CH4 observed over the study period (Fig. 9a).

The diurnal variation is attributed to the prevailing 
mesoscale circulations; SB and LB, the Boundary Layer 
Height (BLH) variations, and photochemistry. Fig. 9b 
shows the typical diurnal changes in CH4 mixing ratio, 
wind direction, and BLH retrieved using microwave 
profiler observations. In general, CH4 mixing ratio starts 
decreasing prior to the onset of SB, but when the BLH starts 
increasing, reaching a minimum around the SB onset time, 
whereas the night time enhancement in the CH4 coincides 
sharply with the onset time of the LB. The daytime lower 
mixing ratio extends till the onset of LB, however late it 
is. The pattern is dependent on the BLH variations also 
exhibiting an out of phase dependence. A comparison with 
the diurnal pattern of other trace gases like O3, NOx and CO 
reveals that except for O3, all other precursor gases of O3 
(e.g., NOx, CO) shows the similar diurnal pattern as that of 
CH4. The fumigation peak (appearing between 0600-0700 
hrs) is more pronounced for NOx, CO, etc compared to CH4 
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probably due to the better mixing and longer life of CH4 
compared to other species.

Eff ect of LB on diurnal pattern of CH4: case 
studies

To get more insight into the role of LB in the night time 
enhancement of CH4, three specifi c cases of LB onset 
conditions are examined (Fig.10).

(1) Normal onset timings and the most frequent type: On a 
normal day (02 December 2014) the SB onset was ~ 0930 
̶ 1000 hrs, ~3 hrs after the sunrise. The CH4 mixing ratio 
showed the fumigation peak around ~0800 hrs. With the SB 
onset, the CH4 mixing ratio reached the diurnal minimum. 
The LB onset is at ~1900 hrs, which also coincides with the 
rise in CH4. A similar feature is observed for NOx and CO 
and the observed daytime decrease in CH4 coincides with 
the time of morning increase in O3.

(2) Late onset of LB: On the occasions, mostly in winter, 
the SB extends till late night when the driving force due to 
thermal contrast gets established. In such a case, as shown 
in Fig 10b, the onset of LB is at 2245 hrs. It is interesting 

to note that the CH4 mixing ratio remains low till the onset 
of LB and starts increasing afterward. Unlike O3 and NOx, 
for which the nighttime chemistry plays a signifi cant role, 
the change in CH4 (for which nighttime chemistry is not 
strong) is predominantly due to transport/airmass change. 

(3) The condition of no LB onset: The eff ect of LB is 
further examined with a case in which SB continues for 
one full day and night and LB doesn’t set in. Such a rare 
event occurred during 20-21 May, 2014 (Fig. 10c). The 
wind which became SB during daytime of 20 May 2014 
continued to prevail till 1900 hrs on 21 May 2014. Around 
1900 hrs, the LB set in, coinciding with enhancement in 
CH4 mixing ratio. CH4 mixing ratio remains low from 1125 
hrs on 20 May 2014 till 1900 hrs on 21 May 2014. Thus, 
the nighttime enhancement is signifi cantly contributed by 
the LB blowing from regions where the CH4 sources exist. 

Based on this case, for the same boundary layer height (not 
shown here), the transported component of the CH4 mixing 
ratio due to LB was delineated as ~55 ppbv.

With a view to understand the evolution of SB and LB, 
under the diff erent onset conditions the boundary layer 
airfl ow patterns were simulated using the WRF model. 
Figure 11a to c show the typical WRF simulated mesoscale 
circulation pattern (represented by the zonal wind‒u) for 
the three cases discussed above. On normal day (Figure 
11a), the onset time of SB is around 1030 hrs and that of 
LB ~2100 hrs more or less matching with the observation 

Figure 9:(a) Mean diurnal pattern of near-surface CH4 at 
Thumba, Thirvananthapuram (b) Typical diurnal variation of 
methane along with wind direction and boundary layer height 
[Kavitha et al., Science of Total Environment, 2018].

Figure 10: Temporal changes in near-surface CH4 along with 
wind direction for three cases, normal onset of LB (a), late onset 
of LB (b) and no LB onset (c) [Kavitha et al., Science of Total 
Environment, 2018].
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Seasonal changes in CH4 mixing ratio

In general, the mixing ratio of CH4 is maximum during 
winter season (2011 ± 67 ppbv in 2014 and 2061 ± 83 ppbv in 
2015) and minimum during pre-monsoon/monsoon (1895 
± 45 ppbv in 2014 and 1878 ± 37 ppbv in 2015) as seen from 
Fig. 12. The seasonal variation in the near-surface CH4 is 
mainly associated to synoptic meteorological conditions, 
seasonality in emission distribution and photochemical 
loss mechanisms. During pre-monsoon/monsoon periods 
the dilution effect by the large BLH and south-westerly 
wind from the ocean results in a lower mixing ratio. The 
maximum CH4 in winter is attributed to the lower BLH 
and the weak OH induced chemical loss of CH4 due to less 
water vapour content and solar radiation. Moreover, during 
this season, the synoptic scale airflow is such that the CH4 
enriched airmass from the land region populated with the 
CH4 sources such as rice cultivation, wetland, livestock 
and biomass burning reaches the site.

Figure 12: Seasonal pattern of near-surface CH4 at Thumba, 
Thirvananthapuram [Kavitha et al., Science of Total Environment, 
2018].

Figure 13a shows the comparison between the in-situ 
measured surface CH4 mixing ratio and CH4 at 925 hPa 
retrieved from satellite-borne Atmospheric InfraRed 
Sounder (AIRS) at Thumba, Thiruvananthapuram. AIRS 
retrieved CH4 at 925 hPa shows slight lowering during 
May to September, but it does not capture the seasonal 
amplitude at this tropical site. For all months, the AIRS 
retrieved CH4 is found to be underestimates compared 
to the in-situ measured near-surface values, with the 
percentage difference varying from 2.3% to 12%. The 

(Figure 10a). The vertical extend of the SB is around 
925 hPa and above which the easterly flow prevails. As 
shown in Figure 11b (case of late onset of LB), the model 
simulation is in agreement with the observed onset times of 
SB and LB (1030 hrs and ~2245 hrs respectively). The SB 
flow extends upto 910 hPa which represents the maximum 
extent of the SB flow. The Figure 11c shows simulated SB-
LB circulation pattern for the case of no LB onset over a day. 
The strong and continuous SB flow from 20 May 2014 (0000 
hrs) to 21 May 2014 (1900 hrs) is well simulated, identical 
to the observed wind direction in Figure 10c. In this case, 
the vertical extent of the SB flow is high, upto ~800 hPa.

Figure 11: WRF simulated mesoscale circulation (contours 
represent the magnitude of the zonal wind) for three cases as shown 
in Figure 10 [Kavitha et al., Science of Total Environment, 2018].
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maximum diff erence between AIRS retrieved CH4 at 925 
hPa and in-situ measured CH4 is observed during winter 
and premonsoon season and minimum diff erence in 
monsoon. The role of convective activities in the monthly 
pattern of near-surface CH4 in terms of the dispersion of 
the pollutants in the atmosphere has also been examined 
in terms of the ventilation coeffi  cient (VC; the product of 
average BLH and wind speed) and OLR, which is a proxy 
of convective activity. As shown in Fig. 13b, VC increases 
from March onwards with a peak in July followed by a 
decrease, reaching minimum during the winter months 
confi ning the pollutants to lower regions. Lower OLR 
indicates stronger convection as seen during monsoon 
season. Convection along with higher VC causes mixing of 
gases to larger vertical extent in the troposphere. 

Figure 13: Monthly averaged (a) in-situ measured near-surface 
CH4 and AIRS retrieved CH4 at a pressure level 925 hPa, (b) 
ventilation coeffi  cient (VC) and outgoing longwave radiation 
(OLR) during 2014-2015 period [Kavitha et al., Science of Total 
Environment, 2018].

New Initiatives 
Experiments during Integrated Campaign 
for Aerosols, Gases and Radiation Budget 
(ICARB-2018)

To understand the wintertime characteristics of trace 
gases and chemical composition of aerosols over the 
southeast Arabian Sea and northern Indian Ocean various 
measurements were planned and carried out during the 
fi eld campaign, ICARB 2018 on board ORV Sagar Kanya 
(Cruise No. ORV345). 

Trace gas measurements during ICARB-2018 

The online pre-calibrated O3 analyser, CO analyser, NOx 
analyser, and Greenhouse gas analyser were operated 
during the campaign. The mixing ratios of ozone, nitrogen 
dioxides, carbon monoxide, methane, carbon dioxide were 
measured continuously on board Sagar Kanya over the 
southeast Arabian Sea and the northern/equatorial Indian 
Ocean. In addition, in collaboration with PRL (Physical 
Research Laboratory), Ahmedabad, 81 air samples were 
collected in the glass fl asks (~800 to 1000 ml) for the 
measurements of Volatile organic Compounds (VOCs). 
The measurements of VOCs are being carried out using TD-
GC (Thermal Desorber Gas Chromatography) at PRL. The 
analy sis on role of transport, chemistry, and anthropogenic 
activities is under progress and it would explain the spatial 
heterogeneities in trace gases and associated atmospheric 
processes.

Chemical Characterisation of TSP and size-
segregated aerosols from oceanic environments 

Studies on the chemical composition of aerosols during 
ICARB-2018 was planned and conducted with the objec-
tive to identify the dominant aerosol sources using chemical 
composition as fi ngerprints, to assess the source strength 
for major chemical species, to understand size-segregated 
aerosol chemical composition and to quantify the contribu-
tion of marine/continental as well as transported/in-situ pro-
duced aerosols. Bulk aerosols were collected using a high 
volume aerosol sampler and size-segregated aerosols using 
multi-stage sampler during the ship cruise. Multistage Jet 
Cascade Impactor (HV-1000R integrated with AH-600 of 
M/s. Sibata Scientifi c Corp., Japan) collects aerosol samples 
in 5 size ranges viz 1st stage: >7.0μm, 2nd stage: 3.3~7.0μm, 
3rd stage: 2.0~3.3μm 4th stage: 1.1~2.0μm and a backup 
fi lter for < 1.1μm. About 85 samples of total suspended 
particulates /aerosols and 11 samples of size segregated 
aerosols (5 size ranges) were collected. To support the size 
segregated chemical analysis, number size distribution 
of aerosols was also measured using mini-WRAS (Wide 
Range Aerosol Spectrometer). Simultaneous sampling 
was also carried over the coastal locations at Trivandrum 
and Cochin when ship reached near these coastal waters. 
The samples are being analysed in the laboratory with 
state of the art techniques and instruments. OC and EC 
were analysed using OC-EC analyser, Water soluble OC 
(WSOC) and Water soluble total nitrogen (WSTN) using 
TOC-LCPH/CPN analyser, major ions using Ion Chroma-
tograph and metallic species using ICP-MS (Inductively 
coupled plasma-mass spectrometry). Preliminary investi-
gation of the chemical composition data reveal signifi cant 
contribution of anthropogenic species (NH4, SO4, EC, 
WIOC, K) over the “PLUME” region extending over oce-
anic regions adjacent to the south-west Indian peninsula.
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Aerosols and Radiative Forcing (A & RF) activities of SPL aim at the scientifi c 
understanding of the optical, microphysical, dynamical and radiative processes 
responsible for the climate impact of Aerosols through aerosol-radiation, 
aerosol-cloud and aerosol-cryosphere interactions. The primary objectives 
include: (i) development of a primary aerosol database over the Indian 
subcontinent and adjoining Oceans by establishing and operating a network of 
aerosol observatories (ARFINET) under the ARFI Project of ISRO-GBP,  (ii) 
conducting thematic multi-platform (ship, aircraft and high altitude balloon) 
fi eld experiments addressing specifi c problems pertinent to the climate impact 
of aerosols (iii) assimilation of ARFINET database with regional climate 
models for the assessment of potential climate impact, and (iv) investigations 
on aerosols over the remote Himalayan and Polar environments.

A E R O S O L S  &  R A D I A T I V E  F O R C I N G

Science Team:
 Suresh Babu S.
 Mukunda M. Gogoi
 Vijayakumar S Nair
 Sobhan Kumar Kompalli

Technical Team:
 Dinakar Prasad Vajja
 Pramod P. P.
 Ajeesh Kumar P. S.
 Santosh Kumar Pandey

INSPIRE Faculty:
 Aditya Vaishya

DST Post-Doctoral Fellow:
 Chandrakala Bharali
 Subin Jose

Research Fellows:
 Lakshmi N. B.
 Jayachandran V.
 Arun B. S.
 Usha K. H.
 Ajith T. C.

31SPL Annual Report: 2017-18

A
R
F



Integrated Campaign for Aerosols gases and 
Radiation Budget (ICARB -2018)

The integrated campaign for aerosols, gas and radiation 
budget (ICARB) had been envisaged to characterize the 
atmospheric aerosols and trace gases over the Indian 
region using a multi instrumented, multi-platform field 
experiments following the segmented-integrated approach, 
which include simultaneous measurements of aerosol 
properties and trace gases on-board ship supplemented 
with simultaneous measurements from the network of 
observatories spread across the country under the Aerosol 
Radiative Forcing over India (ARFI) project of ISRO GBP. 
During ICARB-2018, in addition to the primary objectives, 
several complementary observations are also conducted 
onboard to address the multi-dimensional aspects of earth’s 
atmosphere from surface to ionosphere - thermosphere 
region. The main objectives of the experiment were:
1. Physical and chemical characterization of continental 

out-flow of aerosols and trace gases to the Arabian 
Sea and Indian Ocean for the regional climate impact 
assessment.

2. Altitude profiling of atmospheric thermodynamic 
parameters over the oceanic regions through balloon 
soundings for the study of air-sea interaction as well as 
atmospheric dynamical process in marine atmosphere.

3. Validation of various essential climate variables 
derived from satellite data over the oceanic regions for 
the fine tuning of algorithms. 

4. Performance evaluation of regional climate models, 
chemical transport models as well as numerical 
weather prediction models over the oceanic regions 
adjoining the Indian sub-continent. 

5. Conjugate point observations of air glow emissions, 
total electron content and ionospheric scintillations 
for the study of thermosphere energetics as well as the 
asymmetry in evolution and propagation of plasma 
bubbles in equatorial and low latitude regions.

The cruise started from Goa on 16th January 2018 and ends 
at Tuticorin on 14th February 2018 after a 30-day voyage 
covering 3802 nautical miles with an average speed of 5.8 
knots. The cruise track is shown in Fig. 1. The experimental 

setup made on board ORV Sagar Kanya for the ICARB 
2018 is shown in Fig. 2. 

Figure 1: Cruise track of ICARB 2018.

All the experiments planned on-board were performed 
successfully and the voluminous data collected from the 
campaign is being analysed at SPL. 

Multi-satellite synthesis of dust transport over 
Bay of Bengal

Aerosol layers at high altitudes assume importance 
because they alter the thermal structure and stability of 
atmosphere and modify the cloud properties. Moreover, 
higher residence time of aerosols at higher altitudes and 
location of aerosol layers with respect to clouds could 
magnify their forcing on climate. Recent studies have 
shown that Asian summer monsoon circulation enhances 
the vertical transport of aerosols to the upper troposphere 
which can affect the radiation balance and chemistry 
of upper troposphere lower stratospheric region. The 
transport of mineral dust aerosols and its deposition over 
Bay of Bengal assumes importance in the context of iron 
fertilization of ocean biota, limited marine productivity 
and subsequent alterations in the marine aerosol system. 
The high dust absorption due to mixing state of dust with 
black carbon aerosols is found to have significant impacts 
on the monsoon system also. 

Figure 2: Experimental setup on-board Sagar Kanya for aerosol observations.
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The spatial, seasonal, and altitude distribution of total 
aerosols and dust over the Bay of Bengal, were analyzed by 
making use of multiyear (2006 to 2017) data set of vertical 
profi les of extinction coeffi  cients and depolarization using 
the multi-satellite observations (Cloud Aerosol Lidar 
with Orthogonal Polarization (CALIOP) and Moderate 
Resolution Imaging Spectroradiometer (MODIS)) and 
Goddard Chemistry Aerosol Radiation and Transport 
(GOCART) model. The CALIPSO lidar data analysis 
consists of diff erent phases that include detection of 
atmospheric features by a selective, iterated boundary 
location algorithm, identifi cation of atmospheric features by 
Scene Classifying Algorithm, and retrieval of backscatter 
and extinction coeffi  cient of those features using a Hybrid 
Extinction Retrieval Algorithm. For the present analysis, 
CALIOP level 2 Version 4.1 profi le products (5 km 
horizontal resolution) are used for the period December 
2006 to April 2017 to estimate the average profi les of 
aerosol extinction coeffi  cient, backscattering coeffi  cient, 
and particulate depolarization ratio (PDR) over the Bay of 
Bengal. The uncertainty due to lidar ratio assumption in the 
retrieval of aerosol extinction coeffi  cient is constrained in 
such a way that the lidar-derived aerosol optical thickness 
(AOD) reproduces the measured AOD by Sun photometer/
radiometer. 

Aerosol characteristics over the Bay of Bengal are 
governed by the seasonally varying circulation pattern 
which favors transport of continental aerosols over the 
oceanic region. The vertical variation of dust aerosol 
extinction and its fractional contribution of total aerosol 
extinction over northern and southern Bay of Bengal 
during winter and pre-monsoon seasons are shown in Fig. 
3. Strong seasonality is observed in the vertical structure 
of aerosols over the Bay of Bengal with regional average 
of 24% increase in aerosol extinction above 1 km from 
winter to pre-monsoon. Maximum AOD was observed 
over the northern Bay of Bengal (>13°N) with enhanced 
contribution of 66% of total aerosol extinction from 
elevated heights during pre-monsoon. Pre-monsoon season 
is associated with signifi cant dust loading especially over 
the northern Bay of Bengal with a dust AOD of ~ 0.1 and 
with a dust fraction of 22%, while over the southern Bay 
of Bengal dust fraction during pre-monsoon is ~ 10% 
showing a clear latitudinal variation. It is to be noted that 
while dust loading over northern Bay of Bengal shows 
distinct seasonal pattern, dust loading over the south is 
almost seasonally independent and lesser in magnitude. 
Enhancement in dust extinction above 1 km from winter 
to pre-monsoon is found to be 40% over northern Bay of 
Bengal and 16% over the southern Bay of Bengal. The 
upper level northwesterly circulation causes pollution 
outfl ow from north India/Indo-Gangetic Plain which results 
in high aerosol loading throughout the vertical column up 
to 4 km above marine boundary layer. 

The vertical profi le of heating rate due to both total aerosols 
(dust + non dust) and mineral dust aerosols (Fig. 3c) over 

Bay of Bengal estimated using the vertical profi les obtained 
from CALIPSO measurements in the Santa Barbara 
DISORT Atmospheric Radiative Transfer Model indicate 
(i) seasonal increase in total and dust aerosol heating from 
winter to pre-monsoon above the boundary layer (ii) high 
values are observed with the boundary layer during winter 
season. Signifi cant dust-induced heating is observed above 
the boundary layer during pre-monsoon season with an 
average heating rate of ~ 0.11 K day-1. Heating rate due to 
composite aerosol is highest during winter from surface to 
~ 1.5 km reaching up to ~ 0.8 K day-1. The eff ect of dust 
aerosols on thermal infrared radiation is very signifi cant, 
which partly compensate the shortwave radiative eff ects 
depending on the mineral dust properties and atmospheric 
conditions.

During pre-monsoon season dust AOD is highest over the 
northern Bay of Bengal with a minimum dust AOD of 0.2 
and dust fraction going up to 50% to 60% (Fig. 4). CALIOP 
dust fraction is estimated as the ratio of CALIOP-derived 
dust AOD to MODIS AOD. Average dust fraction during 
winter is ~10% of the total aerosol extinction over the 
southern Bay of Bengal and ~13% over the northern Bay 
of Bengal, whereas pre-monsoon season is associated with 
around one quarter of total extinction (22%) contributed 
by dust aerosols.

MODIS-derived dust fraction is generally higher than 
CALIOP-derived dust fraction, and this diff erence is found 
higher during pre-monsoon (approximately one fold over 
north and approximately twofold over south) and lower 
during winter. CALIPSO depolarization technique is 
advantageous in this aspect as it estimates dust extinction 
from the direct response of backscattered radiation to the 
non sphericity of the particles, though it has limitation due 
to the assumption of dust and non-dust depolarization ratios 
in estimating the dust backscattering fraction. GOCART 

Figure 3: Vertical distribution of (a) dust extinction from CALIOP 
(b) fractional contribution of dust extinction to total aerosol 
extinction coeffi  cient over the Bay of Bengal for winter and 
pre-monsoon season. (c) The heating rate due to dust and total 
aerosols over northern Bay of Bengal [Lakshmi et al., JGR 2017]. 
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simulations are considered in this study as a representative 
of the chemical transport models which will provide an 
independent data set to compare the dust fraction estimated 
using CALIOP(depolarization) and MODIS (fine mode), 
though the inter-annual variability and difference in the 
length of data set affect the absolute comparison of various 
dust fraction estimations. Dust fractions obtained using 
GOCART simulations are lower than satellite-derived dust 
fractions at all seasons. 

Figure 5 shows the long-term variation of CALIOP-
derived dust optical depth and dust fraction along with 
total AOD from MODIS observations over the northern 
Bay of Bengal where dust aerosols constitute about 22% 
of the total aerosols during pre-monsoon season. The 
confidence level of the trend in dust AOD and dust fraction 
are found to be 85% and 92% respectively. Though AOD 
shows an increasing trend of 0.004 yr-1, dust AOD shows 
a decreasing trend of 0.0012 yr-1 indicating an increasing 
trend of anthropogenic aerosols over the Bay of Bengal. 

Dust fraction showed a decrease of 0.8% per year over 
the study region. This implies significantly higher rate 
of increase of anthropogenic aerosols over the Bay of 
Bengal. Since the confidence level of the observed trends 
are insufficient to establish the robustness of the observed 
trends, further analysis with longer data set is required for 
the confirmation of the trends. Decreasing dust aerosols has 
implications on climate through direct and indirect effect 
and by modulating Bio-Geo chemistry and carbon cycle.

Scavenging Ratio of Black Carbon in the 
Arctic and the Antarctic
In view of the increased concern on the climate change re-
lated issues in the polar environment, long-term monitoring 
of atmospheric aerosols and their interaction with radiation, 
cloud, and cryosphere over the Arctic and the Antarctic 
are very important. In this regard, India has extended the 
concerted efforts on polar aerosol research, enriching its 
decades of experiences and instrumentations in operating 
a network of aerosol observatories (ARFINET) over India. 
Two state-of the-art laboratories were established, first in 
the northern hemispheric Svalbard region of the Norwegian 
Arctic (Himadri, 78°55′N 11°56′E, 8 m a.s.l.) and second 
in the southern hemispheric region of the Larsemann Hills 
(LH) in the coastal Antarctic (Bharati, 69°24′S 76°11′E, 
48 m a.s.l.). Both ‘Himadri’ and ‘Bharati’ are operational 
for the continuous long-term monitoring of northern and 
southern polar climatic variability. Figure 6 marks the geo-
graphic positions of ‘Himadri’ and ‘Bharati’ in the global 
map with a close up look over the Arctic and the Antarctic 
circles, the research stations, and snow sampling activities. 
Measurements of atmospheric Black Carbon (BC) con-
centrations over the Arctic have been made continuously 
since July 2010, while those over the Antarctica had been 

Figure 4: Dust AOD derived using CALIOP depolarization measurements and dust fraction using AOD from MODIS over the Bay of 
Bengal for winter and pre-monsoon (a & b). Inter-comparison of dust fraction derived using (i) CALIOP depolarization technique; (ii) 
MODIS fine mode fraction, and (iii) GOCART model simulation (c & d) [Lakshmi et al., JGR 2017]. 

Figure 5: Inter-annual variability in dust fraction over the 
northern Bay of Bengal during pre-monsoon season. Theil-Sen 
trend lines are shown as dashed lines along with the Sen’s slopes 
for AOD, dust AOD, and dust fraction [Lakshmi et al., JGR 2017].
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campaigned during southern hemispheric summer. A seven 
channel aethalometer (Model: AE-31, Magee Scientifi c, 
USA) was used for the estimation of atmospheric BC con-
centrations in the Arctic; while a two channel aethalometer 
(Model: AE-42) was operated in the Antarctica. Apart 
from atmospheric BC measurements, snow samples were 
collected from the surrounding locations of Himadri and 
Bharati (within a radius of ~ 4 and ~ 2 km near the respec-
tive stations) for studying the concentration of BC in snow. 
The samples are representative of previously deposited 
snow, appended by intermittent fresh snow fall events over 

the collection periods. The loaded fi lters were dried and 
optical attenuation due to the impurities on the fi lters was 
measured using a dual wavelength optical transmissometer 
(Sootscan, Model OT-21, Magee Scientifi c, USA). Spec-
tral albedo was calculated from radiometric measurements 
which in turn were made using a Fieldspec Pro spectroradi-
ometer, covering wavelength range: 350–2500 nm. Along 
with measured spectra, the values of spectral albedo were 
simulated by incorporating the observed BC concentra-
tions in snow, the solar position during the measurement 
period and varying the snow grain size in the Snow, Ice, 
and Aerosol Radiation (SNICAR) Model.

The study reveals distinct spatio-temporal variability of 
BC in polar snow (Fig. 7), even though the magnitude of 
BC concentrations is, in general, low (< 12 ppbw, parts 
per billion by weight). The values of BC concentrations (in 
ppbw) in the Arctic and the Antarctic snow representing all 
the samples collected on diff erent days as well as within a 
day at diff erent locations (as shown in the topographic map 
of bottom right panels in the fi gure) near the Arctic and 
Antarctic stations. The top panels in the fi gure show the 
temporal variations of BC in snow, while the bottom two 
panels indicate the spatial distribution of snow sampling 
locations and the respective values of BC in snow at each 
sampling location. During local summer seasons, the 

Figure 6: (a) Geographic positions of the Indian stations at the 
Arctic and the Antarctic, (b) Zoom in view of the observational 
sites with respect to the Arctic and Antarctic circles and (c) 
Laboratories for atmospheric BC measurements over the Poles 
[Gogoi et al., Polar Sci., 2018].

Figure 7: (a) BC concentrations in snow (in ‘ppbw’, i.e., part-per-billion by weight) over the Arctic (red circle) and Antarctic (blue 
circle) for snow samples collected within a day as well as on diff erent days over diff erent locations. The median, along with the range 
of minimum and maximum values are shown against each month of the Arctic snow sampling, while the median for Antarctica are 
representative of seasonal values during southern hemispheric summer. Bottom panels’ (b, c) show the spatial distribution of BC in 
snow at each of the snow sampling locations as shown in the topographic maps of Arctic and Antarctic [Gogoi et al., Polar Sci., 2018].
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concentration of BC in Arctic snow (median ~ 7.98 ppbw) 
was higher compared to the values at Antarctica (median ~ 
1.70 ppbw).

Viewed against the above, the temporal variability 
atmospheric BC concentrations over both the poles are 
presented in Fig. 8. Long-term continuous monthly mean 
values of atmospheric BC over the Arctic shows (top panel) 
strong seasonal variability having highest values in spring 
(median ~ 29 ng m-3) and lowest in summer (median ~ 11 
ng m-3), while daily mean values go beyond 150 ng m-3. 
Similarly, the BC values at Antarctica also show (bottom 
panel) large day to day variability with values ranging as 
high as 200 ng m-3. However, the frequency of occurrences 
of BC > 50 ng m-3 are very rare over Antarctica. Similarly, 
atmospheric BC concentrations in Antarctica showed large 
variability from lower seasonal value (median ~ 5.92 ng 
m-3) in summer-2016 to nearly three times higher seasonal 
value (median ~ 17.28 ng m-3) in summer-2017, but with 
insignificant variations of BC concentrations in snow 
(median ranged between 1.7 and 1.48 ppbw).Concurrent 
with this, the scavenging ratio (SR, defined as the ratio of 
the concentration of BC in snow to that in air) also showed 
large variability over both the poles. Relatively higher 
values of SR over the Antarctica (mean ~ 119.54 ± 23.04; 
during southern hemispheric summer) in comparison to 
that over the Arctic (mean ~ 69.48 ± 4.79; during northern 
hemispheric spring) clearly indicates the difference in 
removal mechanisms (aerosol mixing, aging and size 
distribution) of BC from the atmosphere over distinct polar 
environments.

Figure 9: The measured (green dot line) and simulated values of 
spectral surface albedo with (blue solid line) and without (red 
dash line) the incorporation of dust concentration in the SNICAR 
model [Gogoi et al., Polar Sci., 2018].

Measurement of spectral incoming and reflected radiances 
over the Arctic snow during the early spring season of 2017 
indicated the values of surface broadband albedo varying 
between 0.64 and 0.79. Figure 9 shows a typical plot of 
spectral surface albedo estimated from the measured values 
of incoming and reflected light signals at Gruvebadet 
on 25 April 2017. The Snow, Ice and Aerosol Radiative 
(SNICAR) model simulated values of spectral albedo 
correlated well with the measured ones and indicated 
the role of dust absorption, in addition to that of BC, in 
changing the snow albedo. Even though BC has been the 
focus in understanding its impact on snow Albedo and 
their specific contamination burden is much higher than 
for dust, the dust (mass) concentrations are generally much 
higher than BC concentrations. Over the Svalbard region, 
the local non-anthropogenic source of dust is very high 

Figure 8: Time series of the atmospheric BC concentrations in the (a) Arctic (denoted the monthly mean values by histograms and 
standard deviations by vertical lines passing through the mean) and (b) Antarctica (shown by the box and whisker plots; the filled 
circles indicate the mean values, while the asterisks are indicative of 1% and 99% percentile of the ensemble of values). The background 
yellow highlighted portions for Antarctica are indicative of the periods of snow sampling. The numerical values are the median of 
atmospheric BC concentrations during snow sampling periods [Gogoi et al., Polar Sci., 2018].
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due to windy conditions, dry climate, and soft sedimentary 
rocks. However, the albedo eff ect of dust in snow is found 
to be crudely a factor 8 of the eff ect of BC in snow. Our 
study depicts a mean Albedo (broadband, 0.3-5.0 µm) 
of ~ 0.75, which is in line with the earlier measurement. 
Hence the assumption of snow, dust and snow grain size 
have valuable agreement with our measurement. This 
information needs to be accurately incorporated in the 
radiative transfer models for the accurate estimation of 
snow albedo forcing over the Polar Regions.

Vertical heterogeneity of CCN characteristics 
over a tropical station

Atmospheric aerosols which act as cloud condensation 
nuclei (CCN) and thereby modify cloud properties play 
an important role in hydrological cycle and climate 
through their indirect eff ects on the radiation balance. 
CCN measurements at higher altitudes will provide 
better information on aerosol-cloud interaction with less 
infl uence of local sources. In this context, aerosol-CCN 
characteristics are studied at two diff erent altitudes, a 
tropical hill station (Ponmudi) in the Western Ghats and 
the nearby coastal site (Thumba) at an aerial distance of 
~ 40 km separated by a semi-urban environment during 
the south-west monsoon season (Fig. 10). The observations 
made at two altitudes under the same synoptic conditions 
point out the vertical heterogeneity in the CCN activation 
properties.

CCN concentration over hill station depicted high 
values during daytime and low values during night-time, 
whereas an opposite pattern in CCN is observed over the 
coastal site (Fig. 11). The intrinsic properties like CCN 
activation fraction and Twomey’s empirical fi t (k value) 
show insignifi cant diurnal variation over the hill station 
in contrast to the coastal location where the land-sea 
breeze circulation modify the prevailing airmasses over 

the sampling site (Fig. 11). Twomey’s empirical fi t – k 
value is higher and activation fraction is lower at Ponmudi 
compared to Thumba. The percentage of CN acting as CCN 
at 0.4% supersaturation is about 25 % at Ponmudi and is 
about 46% at Thumba. The higher scattering angstrom 
exponent observed at Ponmudi indicates the consistent 
presence of fi ne mode particles. CCN concentration at 
both Ponmudi and Thumba show a good linear correlation 
with scattering aerosol index. The association between 
CCN number concentrations and BC mass concentrations 
suggests that carbonaceous combustion sources infl uence 
CCN at Ponmudi. Even though marine airmass prevails 
over both locations due to the onset of the summer 
monsoon, CCN activation properties are distinct at the 
mean sea level and at an altitude of 1 km above the coastal 
region. The CCN spectra in log-log scale for high and low 
aerosol loading conditions are shown in Fig. 12(a) indicate 
higher k values for high loading case (0.70) than low 
loading condition (0.50) which implies dominance of less 
soluble or dominance of fi ne particles during high loading 
at Ponmudi. The activation effi  ciency spectra for both cases 
shown in Fig. 12(b) showed high activation effi  ciency for 
all the super saturations during the low loading condition 
compared to the high loading and conditions. 

The present study showed that an aerosol system with low 
CCN active effi  ciency exists at 1 km amsl compared to 
the site at mean sea level within a horizontal extend of 40 
km indicating the removal of hygroscopic aerosols during 
the vertical transport of airmass to higher altitude from 
the mean sea level. This shows that the CCN activation 
effi  ciency of the aerosol system is modifi ed during its 
vertical transport which has important implications on the 
aerosol-cloud interaction over the region. This calls for the 
vertical characterization of CCN properties to understand 
the role of aerosol-CCN properties on cloud microphysics 
and precipitation mechanism. To ascertain the relative role 

Figure 10: Representative fi gure showing the hill station (Ponmudi) and the coastal station (Thumba) at the southern tip of peninsular 
India. Shaded portion in blue colour represents the ocean. Aerial view of measurement site at Ponmudi is also shown at right 
[Jayachandran et al, Atmos. Res., 2018].
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of aerosol size distribution and composition on the CCN 
activation, size-segregated composition measurements 
and size distribution of ultrafine particles are also required 
along with the cloud microphysical properties.

Assessment of 1D and 3D model simulated 
radiation flux based on surface measurements 
and estimation of aerosol forcing and their 
climatological aspects

Modeling the solar radiation and accurate estimation of 
the surface reaching fluxes is challenging due to highly 
changing atmospheric conditions associated with the 
presence of aerosols and clouds as well as large variations 
in the surface conditions. Ground reaching solar radiation 
flux was simulated using a 1-dimensional radiative transfer 
(SBDART) and a 3- dimensional regional climate (RegCM 
4.4) model and their seasonality against simultaneous 
surface measurements carried out using a CNR4 net 
Radiometer over a sub-Himalayan foothill site of south-
east Asia was assessed for the period from March 2013 
- January 2015. The model simulated incoming fluxes 
showed a very good correlation with the measured values 
with correlation coefficient R2 ~ 0.97 as shown in Fig. 13. 
The mean bias errors between these two varied from - 40 
W m−2 to +7 W m−2 with an overestimation of 2 - 3% by 
SBDART and an underestimation of 2 - 9% by RegCM. 
Collocated measurements of the optical parameters of 
aerosols indicated a reduction in atmospheric transmission 
path by ~ 20% due to aerosol load in the atmosphere when 
compared with the aerosol free atmospheric condition. 

A climatological estimation of ARF is made over the study 
region for the period June 2008 to November 2014 and 
presented in Fig. 14. The ARF during the study period is 

Figure 11: Diurnal variation of (a) CN, (b)Twomey’s empirical fit parameter – ‘k’, (c) CCN number concentration at 0.4% supersaturation 
and (d) activation fraction values at 0.4% supersaturation; for Ponmudi and Thumba [ Jayachandran et al, Atmos. Res., 2018]. 

Figure 12: (a) CCN concentration variation with supersaturation 
(b) CCN activation fraction variation with supersaturation. Both 
plots are made for both high loading (black open square) and low 
loading (red open star) cases for Ponmudi site [Jayachandran et 
al, Atmos. Res., 2018].
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found to lie between − 8 ± 5 to − 47 ± 5 W m−2 at the surface 
and 6 ± 3 W m−2 to 41 ± 7 W m−2 in the atmosphere and 
−2 ± 4 Wm−2 to −14 ± 3 W m−2 at the TOA. The average 
seasonal peak of ARF at the surface and in the atmosphere 
appears in MAM (March to May) season, while minimum 
occurs during the dry ON (October – November) season. 
Estimation of aerosol radiative forcing effi  ciency (ARFE) 
indicated that the presence of black carbon (BC, 10 – 
15%) led to a surface dimming by − 26.14 W m−2 τ−1 and 
a potential atmospheric forcing of + 43.04 W m−2 τ−1. BC 
alone is responsible for > 70% infl uence with a major role 
in building up of forcing effi  ciency of +55.69 W m−2 τ−1 
(composite) in the atmosphere. On the other hand, the 
scattering due to aerosols enhance the outgoing radiation at 
the top of the atmosphere (ARFETOA ~ −12.60 W m−2 τ −1), 
the absence of which would have resulted in ARFETOA of 
~ +16.91 W m−2 τ−1 (due to BC alone). As a result, ~ 3/4 of 
the radiation absorption in the atmosphere is ascribed to the 
presence of BC. This translated to an atmospheric heating 
rate of ~ 1.0 K day−1, with ~ 0.3 K day−1 heating over the 
elevated regions (2 – 4 km) of the atmosphere, especially 

during pre-monsoon season. Comparison of the satellite 
(MODIS) derived and ground based estimates of surface 
albedo showed seasonal diff erence in their magnitudes (R2 
~ 0.98 during retreating monsoon and winter; ~ 0.65 during 
pre-monsoon and monsoon), indicating that the reliability 
of the satellite data for aerosol radiative forcing estimation 
is more during the retreating and winter seasons.

High altitude Black Carbon Emissions: 
Possible climate implications

The altitude distribution of BC in the atmosphere plays a 
crucial role in deciding the BC-induced warming of the 
atmosphere. Such an atmospheric warming due to BC is 
amplifi ed when BC is above strongly refl ective surfaces 
like clouds, can give rise to local instability and subsequent 
vertical lifting. Such absorption-warming-convection 
cycle can transport BC to higher altitudes. On account of 

Figure 13: (a) Simulated downward SW fl ux at the surface using 
SBDART as a function of the incoming SW fl ux measured by CNR4 
net- radiometer. (b) Simulated downward SW fl uxes at the surface 
using RegCM as a function of the incoming SW fl ux measured by 
CNR4 net-radiometer [Tamanna et al., Atmos. Res., 2018].

Figure 14: (a) Seasonal SW aerosol radiative forcing at the top of 
the atmosphere (ARFTOA), in the atmosphere (ARFATM) and at the 
surface (ARFSUR) over Dibrugarh during the period JJAS 2008- 
ON 2014 along with the atmospheric heating rate (fi rst panel) and 
the AOD (500nm) variation (second panel) (b) Comparison of the 
seasonal SW aerosol radiative forcing estimation between model 
and ground based measurements in the atmosphere and at the 
surface over Dibrugarh from MAM 2013 - ON 2014 [Tamanna et 
al., Atmos. Res., 2018].
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its absorbing nature, high-altitude BC can burn off cirrus 
clouds. Realising the importance of the vertical profile of 
BC, high-altitude balloon borne measurements of BC were 
carried out on 17 March 2010, 8 January 2011 and 25 April 
2011 from Hyderabad. The present study is a revisit to these 
three high-altitude balloon measurements to investigate 
the potential causes behind the existence of such confined 
BC layers using a regional chemistry transport model 
(WRF-Chem) simulations (Fig. 15). The present study 
demonstrates that high-flying aircraft (with emissions from 
the regionally fine-tuned MACCity inventory) are the most 
likely cause of these elevated BC layers. Furthermore, it 
is shown that such aircraft-emitted BC can be transported 
to upper tropospheric or lower stratospheric heights (~ 17 
km) aided by the strong monsoonal convection occurring 
over the region, which is known to overshoot the tropical 
tropopause, leading to the injection of tropospheric air mass 
(along with its constituent aerosols) into the stratosphere. 
The observational evidence for such an intrusion of 
tropospheric BC into the stratosphere over the Indian 
region is shown using extinction coefficient and particle 
depolarisation ratio data from CALIOP Lidar on-board the 
CALIPSO satellite. It is hypothesised that such intrusions 
of BC into the lower stratosphere and its consequent 
longer residence time in the stratosphere have significant 
implications for stratospheric ozone, especially considering 
the already reported ozone-depleting potential of BC.

Declining trend in pre-monsoon dust over 
south Asia
The airborne mineral dust is the most abundant aerosol 
species in the earth system, and generated over arid and 
semiarid regions due to wind forcing. The particles size 
typically varies up to 10 μm, with annual emission rate 
1000-2000 Mt (Tg) yr-1 with a life time of 2-3 weeks. By 

modifying incoming shortwave and outgoing long wave 
radiation, the energy balance at the Earth’s surface can be 
perturbed sufficiently to produce a local seasonal heating 
of up to 2°C. When deposited on snow cover decreases 
the albedo, producing an additional local heating effect. 
It also modulates the cloud formation processes as cloud 
condensation nuclei and ice nuclei depending on its 
hygroscopicity. 

The long-term monitoring of dust is limited due to the 
difficulty of direct measurements of dust. Despite annually 
increasing trend of column spectral Aerosol Optical Depth 
(AOD) over the Northern part of the South Asia, significant 
decreasing trend in pre-monsoon is observed using ground 
based networks such as ARFINET (ISRO GBP) and 
AERONET (NASA) observations (Fig. 16). This decreasing 
trend is widespread throughout the northern plain of India 
including Pakistan and was observed using column AOD 
obtained from satellite borne sensors (MODIS-Terra and 
Aqua, MISR). Although, contributions from anthropogenic 
activity in total aerosol loading is going up due to recent 
advancement in industrial activities, increasing vehicular 
emissions and rising population, there is a decrease in the 
column aerosol loading over the recent decade. It may be 
noted that pre-monsoon season is associated with high 
atmospheric dust concentration, mainly due to long range 
transport from the Middle East. This decrease in column 
AOD might be a signature of decreasing dust concentration 
over the region. This decrement is also prominently seen in 
column UV-Aerosol Index (obtained from OMI), which is 
mostly sensitive to absorbing aerosols. 

The potential cause for this decrease were identified as 
increasing pre-monsoon rainfall over Pakistan and lowered 
circulation over the region as obtained using TRMM 
precipitation and ERA-Interim derived surface wind. In 

Figure 15: Vertical variation of soot at various heights in the atmosphere as pointed out by a). high-altitude balloon measurements and 
b). Results of numerical model simulation, for 3 different balloon flight days. The sharp layers of soot at elevated heights are marked 
by a dotted red ellipse. The model simulations have been carried out in multiple configurations i.e. by including (blue line, panel b) and 
neglecting (orange line, panel b) soot emissions from aircraft [Govardhan et al, ACP, 2017].
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nutshell the increased rainfall over Indo-Pak desert region, 
with reduced wind speed leads to the decrease in the dust 
loading. The reduction (enhancement) in emission (wet-
deposition) due to increase rainfall is primary cause for the 
observed pattern. This reduction will have far-reaching impact 
on atmospheric dynamics, monsoonal rainfall and air quality.

Aerosol Characteristics over North-west 
Himalayan region

The present study examined the spectral aerosol optical 
depth (AOD) measurements carried out using ground based 
measurements (Microtops II) and satellite data (MODIS 
and MISR) over Dehradun, part of Northwest Himalayas 

during January–December 2015 (Fig. 17). During the pre-
monsoon, the region experiences high aerosol loading with 
AOD at 500 nm varies from 0.34 ± 0.09 to 0.63 ± 0.12 
along with low mean Angstrom exponent (α, 0.46 ± 0.09 
to 0.66 ± 0.10) attributing to the dominance of mineral 
dust aerosols. During monsoon and post monsoon periods 
moderate values of AOD at 500 nm (0.38 ± 0.08 to 0.54 ± 
0.16) are observed with relatively higher α values (0.78 ± 
0.1 to 0.91 ± 0.11) compared to pre-monsoon, indicating 
a mixed type of aerosol system. During winter season, 
low values of AOD at 500 nm (0.29 ± 0.06 to 0.46 ± 0.12) 
with high α values (1.12 ± 0.09 to 1.30 ± 0.1) are observed 
indicating the dominance of fi ne mode aerosols from 
anthropogenic activities and agricultural biomass burning. 

Ongoing activities and future directions
Aerosol characterisation of continental 
outfl ow to Arabian Sea and Indian Ocean 

The detailed analysis of the extensive database generated 
through the observations of optical, chemical and 
microphysical properties of aerosols during winter 
over Arabian Sea and equatorial Indian Ocean as part 
of ICARB 2018 is in progress. The database includes 
observations on ultrafi ne aerosol number concentrations, 
cloud condensation nuclei (CCN), laser incandescence 
measurements at single particle level for the mixing state 

Figure 16: Inter-annual trend (year-1) of seasonal mean aerosol optical depth at (a) AERONET sites over the IGP for pre-monsoon 
season and (b-e) spatial pattern from satellite observations (b) MODIS Terra (c) MODIS Aqua (d) MISR and (e) OMI UV Aerosol 
Index. The bold text indicates signifi cance at 95% confi dence level [Pandey et al., Sci. Rep.,2017].

Figure 17: Monthly variation of spectral AOD over Dehradun 
[Darga Saheb et al., IEEE Trans. 2017].
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of aerosols, aerosol chemical speciation measurements 
using mass spectrometer, altitude profiles using micropulse 
LIDAR.  

Radiative effects of Dust transport over India

Combining the spectral AOD measurements from 
ARFINET and altitude resolved optical properties of 
aerosols using NRSC aircraft with the decade long 
space borne LIDAR measurements on-board CALIPSO, 
estimation of the altitude distribution of dust AOD and 
its radiative effects over Indian region is in progress. 

Aerosol effects on the Atmospheric Boundary 
Layer characteristics

Aerosols can influence the PBL stability and PBL height by 
decreasing the solar radiation reaching the Earth’s surface 
and turbulent mixing. However, scientific investigation 
on the effect of aerosols on atmospheric boundary layer 
characteristics over Indian region is very limited. A 
detailed study through a synergistic approach, by combing 
observations with modelling, is initiated to address this 
issue over Indian region. 
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The research and development activities under the NAM branch are mainly 
centred around the “Prediction and Analysis of the Weather and Climate 
System of planet Earth” through various numerical weather prediction (NWP) 
and regional atmospheric transport models, such as COSMO, WRF, RegCM, 
FLEXPART and NIES, to name a few. Some of the major ongoing research 
activities during the reporting period are: (1) Estimation of terrestrial CO2 
emissions through ground based and space based platforms in conjunction 
with atmospheric transport models; (2) Regional climate simulations for 
investigation of Indian summer monsoon and related studies; (3) Development 
and refi nement of diff erent parametrization schemes of physical and 
atmospheric processes in NWP models; (4) Dynamical downscaling of spatial 
grid resolutions in NWP models and Large Eddy Simulations through PALM 
model; (5) Short-range weather predictions in support of the PSLV and GSLV 
missions undertaken from SHAR, and also to the RH-300 rocket mission 
from Thumba during the SOUREX fi eld experiment; and (6) Utilization 
of dynamics and thermodynamics of ABL and troposphere: Inference of 
observations and model simulations. During the period of this report, an Open 
Path CO2/H2O Analyzer and Sonic Anemometer was installed at Kodaikanal 
Solar Observatory (Indian Institute of Astrophysics, Kodaikanal) and made 
operational for in situ measurements of CO2 fl uxes from an elevated and 
reasonably pristine atmosphere over Kodaikanal. A similar experimental set-
up is being installed at ISRO Experimental Campus at Ponmudi. In addition to 
this, the branch members also participated in ICARB-2018, a ship-borne fi eld 
experiment for evaluating the performance of COSMO regional atmospheric 
model over the oceanic region.
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Satellite and ground-based measure-
ments of CO2 over the Indian region: 
its seasonal dependencies, spatial vari-
ability, and model estimates
An extensive study on the distribution of Carbon 
dioxide (CO2) concentration over the Indian region and 
the surrounding oceanic regions has been carried out 
using measurements from satellites viz., Greenhouse 
gases Observation SATellite (GOSAT) and Atmospheric 
Infra-Red Sounder (AIRS), Carbon Tracker (CT) model 
simulations and flask measurements from two Indian 
stations Sinhagad (SNG) and Cape Rama (CRI). Fig. 1 
shows the variation of CO2 during different seasons as 
obtained from different platforms. In general, high CO2 is 
observed during the winter and pre-monsoon seasons and 
a low during the south-west monsoon and post-monsoon 
seasons. Even though general seasonal patterns are similar 
in all the data products, substantial differences in the 
magnitude of CO2 are observed between the products. The 
seasonal variation of CO2 over the Indian region is observed 
to be similar in GOSAT and CT; however, AIRS shows less 
concentration over the all the regions irrespective of land 
or ocean in all the seasons. Persistence of monsoon clouds 
over the Indian region during the season affects the retrieval 
of CO2 from GOSAT. This can be clearly seen in figure. 1i, 

where L3 data shows gaps over the Indian region, however, 
L4 rectified these data gaps by using ATTM simulation 
incorporated with available ground measurements (barring 
the South Asian region) and GOSAT L2 products. Among 
the different data sets used, a high concentration of CO2 
was observed from CT compared to that of GOSAT 
during monsoon, which might be plausibly due to the 
unavailability of ground measurements for satellite data 
inversion, especially during the monsoon season. This 
might have caused inaccuracies in the satellite retrievals 
and model estimates.

The regional distribution of CO2 is also attempted by 
dividing the Indian region Indo-Gangetic Plain (IGP), 
Northern India (NI), Central India (CI), Southern 
Peninsular India (SP), Arid Region (AR) and Eastern India 
(EI). Representative areas from the adjoining oceanic 
regions of the Arabian Sea (AS), the Bay of Bengal (BOB) 
and the equatorial Indian Ocean (IO) are also taken in order 
to distinguish the differences between the continental and 
oceanic distribution of CO2. The de-trended CO2 shows 
enhancement during pre-monsoon and a decrease from 
monsoon to post-monsoon for all the regions. The IGP 
and NI show a maximum enhancement of approximately 
4 ppmv during pre-monsoon compared to all other regions. 
The land regions are observed to have high CO2 compared 
to that of oceans. 

Figure 1: Four year (2009-2012) mean column average mixing ratio of CO2 over the Indian region derived from GOSAT L3, GOSAT 
L4B, CT and AIRS respectively (a-d) Winter (e-h) Pre-monsoon (i-l) Monsoon (m-p) Post-monsoon [Nalini et al., Int.J.Remote.Sens., 
2018].
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In order to verify the reliability of satellite measurements, 
a comparison of GOSAT (L3 and L4) and CT with fl ask 
measurements are carried out over SNG and CRI and 
shown in Fig. 2. Even though the seasonal variations 
in fl ask measurements are similar to that of GOSAT 
measurements, the magnitudes of the CO2 concentration 
are higher in the fl ask measurements. Concentration 
diff erences between fl ask observations and GOSAT, and 
fl ask and CT over SNG and CRI vary between 15 ppmv 
and 20 ppmv respectively. The seasonal and inter-annual 
variability is clearly captured in all the measurements. It 
is observed that for most of the months, GOSAT and CT 
measurements underestimate the fl ask measurements. This 
clearly shows how the lack of reliable ground observation 
networks to constrain the satellite measurements can result 
in unrealistic estimates of CO2 concentration.

Figure 2: CO2 concentration from GOSAT (L3), GOSAT (L4B), 
CT, and Flask measurements over (a) Sinhagad (b) Cape Rama 
[Nalini et al., Int.J.Remote.Sens., 2018].

Two interesting features in the satellite and ground-
based observations described in the previous sections are 
further investigated using backward model simulations of 
FLEXPART. The fi rst is that the ground-based observations 
show a systematic variation in CO2 over CRI and SNG 
as depicted in Fig. 2. Another feature is that over the 
equatorial IO region, seasonal variability is less compared 
to the continental Indian region and the adjoining AS and 
the BOB. The FLEXPART model simulation only depends 
on meteorological fi elds and is completely devoid of any 
real emission distribution. The model simulates long-range 
and mesoscale transports, diff usion, dry and wet deposition 
and radioactive decay of the tracer released from a source. 
The value of PES in a particular grid cell is proportional to 
the particle residence time in that cell. It is a measure of the 
simulated mixing ratio at the receptor that a source of unit 
strength in the respective grid cell would produce. Fig. 3 
shows the potential emission sensitivity simulation over IO 
for diff erent seasons during 2012. Over the equatorial IO, 
during all the seasons, the contributions are mainly from 
the oceanic region except during the winter period. During 
the winter season also, the continental contribution is lesser 
compared to the oceanic contribution. This supports the 

observed lesser seasonal variability of CO2 concentration 
over the IO since processes such as photosynthesis have 
lesser seasonal variability over the ocean compared to the 
continental region. Thus the model simulations clearly 
demonstrate that the transport processes have an important 
role in the CO2 distribution over the two observational sites 
and the equatorial IO region.

Figure 3: Footprint Potential Emission Sensitivity (PES) 
distribution of CO2 during 2012 at Equatorial Indian Ocean 
station during (a) Winter, (b) Pre-monsoon (c) Monsoon and (d) 
Post-monsoon seasons. Unit of PES is in seconds [Nalini et al., 
Int.J.Remote.Sens., 2018]. 

Do the Stability Indices Indicate 
the Formation of Deep Convection? 
The present study investigates the relation between the sta-
bility indices and diff erent types of precipitating clouds dur-
ing the active and the suppressed periods of deep convection 
of the Madden Julian Oscillation (MJO). This is achieved by 
utilizing three-hourly radiosonde (RS92) data and merged 
cloud radar data over the Gan Island (0.69°S, 73.15°E) from 
October 2011 to January, 2012. The active and the sup-
pressed periods are defi ned based on the rainfall. Three pe-
riods of active (15-27 October, 15-28 November and 15-27 
December) and suppressed periods (01-14 November, 0 -14 
December and 01-14 January) are identifi ed. The statistics 
of the stability indices during active and suppressed phases 
are shown in Fig 4. K index (KI) showed that mean value 
during the active period were 33 with 75% of the time it was 
about 35. During the suppressed period the mean was about 
31 during fi rst two periods and was about 21 during the third 
period. The variability during both the active and the sup-
pressed periods can be clearly observed from the standard 
deviation. During three active periods and two suppressed 
periods, the statistics indicates that the atmosphere was con-
ducive for convection (greater than 30) with less deviation 
except for the third suppressed period. The statistical analysis 
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of TT (Total Total Index) also showed > 42 during both the 
periods and does not show distinct variability during both 
the periods. HI which explains the importance of a deep 
layer of high relative humidity in the generation of convec-
tion is found to be < 30 throughout all the periods with mean 
value between 10 and 11 during the active and between 20 
during the first two suppressed periods. This explains the 
availability of moisture for intense convection is high dur-
ing all the five periods (three active and two suppressed) as 
explained in the earlier section. The stability indices (950 
hPa and 850) at the lower troposphere show more or less 
similar variations with mean < 20 during all the periods. SI 
in the mid-troposphere (500 hPa) shows less than 10 during 
the three active periods and less than 20 during the three 
suppressed periods. The mean value of CAPE (Convective 
Available Potential Energy) varies during all the periods and 
is about 600, 800, 800, 1200, 1000, 800 J/Kg respectively 
during three active and suppressed periods. The variability 
is observed to be high during all the periods of convection.

The merged cloud-precipitation radar dataset from three 
radars (Ka, C and S band deployed over the observational 
site, has been utilized. Fig. 5 shows the relation between the 
different stability indices and the percentage of the occurrence 
of different clouds from 15 October 2011 to 15 January 2012. 
The x-axis shows the range of stability indices (considering 
the threshold) and the y-axis shows the dates. The color bar 
represents the percentage of occurrence of shallow, congestus 
and deep clouds. In short, the figure represents the occurrence 
of clouds for the range of stability indices during different 

days. The left column indicates the occurrence with respect to 
shallow, middle to the congestus and right to the deep clouds. 
The figure shows that when KI > 30 is observed, shallow, 
congestus and deep clouds occur during all the active periods. 
The active periods are marked by a pink box in the figure. 
During the first active period, the occurrence of shallow 
clouds is more widespread compared to the other two phases. 
However, the occurrence of congestus and deep clouds are 
observed to be high throughout the active period when the 
threshold for KI has exceeded its threshold. The occurrence 
of shallow clouds is more widespread during the second and 
the third active period when all the other indices (TT, HI, 
SI-850, SI-500 and CAPE) exceeded their threshold. All the 
three cloud categories observed when the CAPE exceeds 200 
J/Kg but maximum occurrence is observed when it exceeds 
800 J/Kg. During the suppressed period, the occurrence of 
shallow and congestus clouds is extreme during the first two 
suppressed periods compared to the third period, which was 
dry as shown by Fig. 5 . The occurrence of congestus clouds 
is more compared to shallow clouds. Note that there is no 
occurrence of deep clouds during all the suppressed periods 
even though the threshold in the stability indices indicated 
the formation of deep convection. There were no deep clouds 
even when maximum CAPE is observed. As explained earlier 
from Fig. 4 that the stability indices were similar when both 
periods of convection exceeding their respective threshold for 
the deep convection. In summary, even though the stability 
indices attained their threshold for deep convection, deep 
clouds were not observed. 

Figure 4: Box chart of KI (b) TT, (c) HI, (d) SI-950, (e) SI-850, (f) SI-500 during both the active and  
the suppressed periods of the MJO [Uma and Das, Meteor. Atmos. Phys., 2017].
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Changes in the La Nina Teleconnection 
to the Indian Summer Monsoon during 
recent period
The Indian summer monsoon season receives above 
normal rainfall during most of the La Nina years. The 
above normal ISM rainfall events are considerably 
decreasing during post-1980 La Nina events. Figure 6a 
and b show anomalous La Nina year JJAS rainfall from 
CRU and APHRODITE (Asian Precipitation Highly-
Resolved Observational Data Integration Towards 
Evaluation) data respectively. During La Nina years, an 
enhancement in rainfall is observed over most part of the 
Indian subcontinent. The rainfall enhancement is more 
prominent over the west coast of peninsular India and 
north eastern part of India where climatologically large 
amount of rainfall is received during the summer monsoon 
period. The diff erence between anomalous pre-1980 and 
post-1980 La Nina years JJAS rainfall (post-1980 minus 
pre-1980) from CRU and APHRODITE data are depicted 
in Fig. 6c and d. Red dots represent statistically signifi cant 
(above 95%) anomaly. Signifi cant reduction in rainfall is 
observed over the central India and northwestern part of 
India during the post-1980 La Nina years compared to pre-

Figure 6 : (a) Composite of 16 La Nina years seasonal (JJAS) 
mean rainfall from CRU. (b) same as (a) but for APHRODITE 
data. (c) diff erence in rainfall between post-1980 and pre-1980 
La Nina composite (post-minus pre-1980) from CRU. (d) same as 
(c) but from APHRODITE data. Units are mm day-1. In (c) and (d) 
red dots represent statistical signifi cance (90% or above) of the 
anomaly [Aneesh and Sijikumar, J. Atmos. Sol-Terr. Phys., 2017].

Figure 5: Relation between stability indices (a) KI, (b) TT, (c) HI and (d) CAPE with percentage occurrence of shallow clouds (left 
panel), congestus clouds (middle panel) and deep clouds (right panel) from 15 October 2011 – 15 January 2012. Pink box in the fi gure 
corresponds to the active days of the MJO [Uma and Das, Meteo & Atmos. Phys., 2017].
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1980. The monsoon LLJ and the upper level TEJ show 
prominent decrease in their core wind speed during post-
1980 La Nina years compared to pre-1980.

In intraseasonal scale, the average number monsoon active 
days during La Nina years after 1980 reduced to 11.6 from 
16.5 of pre-1980 La Nina years. The formations of weather 
systems (depressions and above) over the BOB during the 
monsoon season are also considerably reduced during post-
1980 La Nina years. Climatologically observes anomalous 
cooling over the western Indian ocean during La Nina 
years shifted to warming during post-1980 years. Fig. 7 
shows the SST difference between post-1980 and pre-1980 
La Nina years. Green dots represent statistically significant 
(above 95%) anomaly. Significant warming over the Indian 
ocean is observed during post-1980 La Nina years. The 
warming is more prominent over the western part of the 
equatorial Indian ocean and the southern Indian ocean. The 
anomalous warming over the Indian ocean during recent 
years suppressed La Nina cooling generally experiences 
over the tropical Indian ocean and reduced the La Nina 
effect on the ISM. This anomalous warming also enhanced 
the convection over the equatorial Indian ocean region 
and the subsequent release of latent heat has increased 
the tropospheric temperature over the equatorial region. 
This process lead to the weakening of the meridional 
temperature gradient over the monsoon region, which in 
turn reduced the monsoon rainfall and circulation.

Short-Range Weather Predictions for 
PSLV/GSLV launches from Sriharikota 
Advance and accurate information on the local weather 
and its trends, at a rocket-launching site is extremely 
crucial and essential for smooth management and flawless 

Figure 7: Seasonal (JJAS) mean SST difference between post-
1980 and pre-1980 La Nina years. Green dots represents 
statistical significance (95% or above). Unit is in Kelvin [Aneesh 
and Sijikumar, J. Atmos. Sol-Terr. Phys., 2017].

operations of all the launch related activities starting from 
the assembling of a rocket to its final ascent phase. With a 
view to consolidating the weather-related information for 
Sriharikota from different global and regional atmospheric 
models in conjunction with other available observational 
data, a standing Inter-Centre Weather Forecast Expert 
Team is constituted by Satish Dhawan Space Centre. 
SPL is actively participating in all launch campaigns by 
providing the short-range weather predictions with the 
aid of a regional atmospheric model, namely the COSMO 
(COnsortium for Small-scale Modelling). During the 
review period, weather prediction support was extended 
to all the PSLV and GSLV missions undertaken from 
Sriharikota. The forecast bulletins from the COSMO 
model are fine-tuned and made more user-friendly for 
the interpretation of the meteorological fields towards 
identification of any severe weather events such as a 
Depression, Deep Depression and its intensification as a 
probable Cyclonic Storm. For more than two years, the 
COSMO model simulations are being carried out on a daily 
basis and forecast bulletins are published in SPL website. 
These forecast bulletins provide a general weather outlook 
over Sriharikota, Thiruvananthapuram and adjoining 
oceanic regions and also include time-series plots of basic 
meteorological parameters for these stations. 

Nowcasting in support of RH-300 (SOUREX) 
Mission from Thumba
With a view to investigating the ionosphere-thermosphere 
region by in-situ measurements of neutral winds 
through indigenously developed ENWi payload, and 
a detailed synthesis on the chemical reactions of Tri-
Methyl Aluminium (TMA) with atomic oxygen at upper 
atmosphere, a comprehensive rocket-borne field experiment 
was conceived and executed under the Sounding Rocket 
Experiment (SOUREX) from RH-300 platform over 
Thumba on 06-April-2018 at 1930 hrs. The RH-300 rocket 
was well-equipped with Tri-Methyl Aluminium (TMA), 
and was designed to release TMA from 90 km and above. 
One of the primary requirements of this project was to have 
clear sky conditions at Thumba, Kollam, Kanyakumari and 
Tirunelveli, a total of four ground-based stations which 
were identified for a complete trinagulation of the TMA 
trail. For catering to the project requirements, a robust 
method was worked out with the help of COSMO model 
forecasts for these stations, together with the real-time 
observations of brightness temperature maps from INSAT-
3D. Final weather clearance in terms of clear sky conditions 
from these stations was provided to the project about half 
an hour prior to the launch. In line with the forecasts, the 
sky conditions were favourable for capturing the TMA 
trail from Kollam, Kanyakumari and Tirunelveli whereas a 
few low-level passing clouds were observed over Thumba 
during the launch. The weather forecasts were found to be 
extremely useful to the project in successful execution of 
the field experiment and was well appreciated. 
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Revised Indian Atmospheric Model 
from surface to 1000 km
A revised Indian atmospheric model development is under 
progress for ISRO’s launching applications. For this 
study, we use various data from ground, in situ and space 
based observations. Forty years of radiosonde data from 
Thumba VSSC, India Meterological Department (IMD), 
Trivandrum and Chennai have been analysed from surface 
to 25 km. From 25 to 80 km M100 Rocket data (1971-
1991) have been utilized. 

Establishment of CO2 Experimental 
Site at Kodaikanal
As part of the Estimation of terrestrial CO2 concentrations 
over the Indian region through ground-based and space-
borne platforms, a new project of the NAM branch, 
SPL has initiated setting of network stations for the 
measurement of CO2 concentrations over the data-sparse 
region of the Indian sub-continent. An Open Path CO2/
H2O Analyzer and Sonic Anemometer was commercially 
procured and a suitable location was identifi ed for its 
installation at Kodaikanal Solar Observatory (KSO). 
After the procurement of Gas Analyzer, it was transported 
to KSO and a mini mast of about 3 meters is erected at 
KSO for augmentation of the gas analyzer (Fig. 8). For 
effi  cient management of the CO2 measurements at KSO 

and mutual understanding between the two institutes for 
data sharing and other logistic aspects, a Memorandum 
of Understanding (MoU is signed up between the SPL 
and Kodaikanal Solar Observatory, Indian Institute of 
Astrophysics. Presently, the Gas Analyzer is working fi ne 
and CO2 and water vapour concentrations are measured 
through this instrument and data is being archived and 
analyzed for advanced research. A similar experimental 
set-up is installed at IIST campus, Ponmudi in 2018. 

Figure 8: Open Path CO2/H2O Analyzer and Sonic Anemometer at 
Kodaikanal Solar Observatory, Indian Institute of Astrophysics, 
Kodaikanal Campus.

Publications in Peer-Reviewed Journals
1. Aneesh S. and S. Sijikumar, “Changes in the La Nina teleconnection to the Indian summer monsoon during recent 

period”, Journal of Atmospheric and So lar- Terres trial Physi cs,  167,7 4-79,  DOI: 10.1016/j.jastp.2017.11.009, 
(2 01 8).

2. Anurose, T. J., D. Bala Subrahamanyam and S. V. Sunilkumar (2018), “Two years observations on the diurnal evolution 
of coastal atmospheric boundary layer features over Thiruvananthapuram (8.5° N, 76.9° E), India”, Theoretical and 
Applied  Climatol o g y,  13 1,  77 – 90 , DOI: 1 0. 1007/s 00 70 4-0 16 -19 55-y, (2018).

3. G upta ,  A. K.,  K.  Rajeev, S.  Siji kumar a nd An ish  Kumar M. Nair, “Enhanced daytime occurrence of clouds in 
the tropical upper troposphere over land and ocean”, Atmospheric Research. 201, 133-143, DOI: 10.1016/j.
atmosres.2017.10.018, (2 01 8).

4. Kavitha, M., Prabha R. Nair, I. A. Girach, S. Aneesh, S. Sijikumar and R. Renju, “Diurnal and seasonal variations 
in surface methane at a tropical coastal station: Role of mesoscale meteorology”, Science of the Total Environment, 
631-632: 1472–1485, DOI: 10.1016/j.scitotenv.2018.03.123, (2 01 8).

5. Nalini, K., K. N. Uma, S. Sijikuamr, Yogesh K. Tiwari and Radhika Ramachandran, “Satellite- and ground-based 
measurements of CO2 over the Indian region: its seasonal dependencies, spatial variability, and model estimates”, 
International Journal of Remote Sensing, DOI: 10.1080/01431161.2018.1479787, (2 01 8).

6. Uma, K. N. and S. K. Das, “Do the stability indices indicate the formation of deep convection”, Meteorology and 
Atmospheric Physics, DOI 10.1007/s00703-017-0550-9, (2 01 8).

Presentations in Symposia/Conferences/Workshops
1. Radhika Ramachandran, D. Bala Subrahamanyam and S. Sijikumar, “Evolution of Atmospheric Modelling Activities 

at the Space Physics Laboratory: A Saga of Two Decades”. International Tropical Meteorology Symposium on 
Advancements in Space-based Earth Observations and Services for Weather and Climate (INTROMET-2017), 
Organised by Indian Meteorological Society - Ahmedabad Chapter and Space Applications Centre, Ahmedabad, 07-
10 November, 2017.

51SPL Annual Report: 2017-18

N
A
M



2. T. J. Anurose, D. Bala Subrahamanyam and S. V. Sunilkumar, “Multi years observations on the diurnal evolution 
of coastal atmospheric boundary layer features over Thiruvananthapuram (8.5°N, 76.9°E), India”. International 
Tropical Meteorology Symposium on Advancements in Space-based Earth Observations and Services for Weather 
and Climate (INTROMET-2017), Organised by Indian Meteorological Society - Ahmedabad Chapter and Space 
Applications Centre, Ahmedabad, 07-10 November, 2017.

3. T. M. Sreelakshmi, Radhika Ramachandran and D. Bala Subrahamanyam, “A Sensitivity Study on the impact of 
Land Surface parameters on the ARPS Model Simulations over Thumba Coast”. International Tropical Meteorology 
Symposium on Advancements in Space-based Earth Observations and Services for Weather and Climate 
(INTROMET-2017), Organised by Indian Meteorological Society - Ahmedabad Chapter and Space Applications 
Centre, Ahmedabad, 07-10 November, 2017.

Participation in Symposium/Workshops:
1. Nalini K., Short course on Atmospheric Remote Sensing for Weather and Climate, IIRS, Dehradun, 02-12 January, 

2018.
2. K. N. Uma and Nalini K., National Training Workshop on GHG measurements, Interpretation and Inverse modelling, 

IITM, Pune, 10-14 July, 2017.
3. Freddy P. Paul and S. Roshny, “A Short Course on Dynamic Data Assimilation: Theory and Applications”, Indian 

Institute of Tropical Meteorology, Pune, 26 June - 07 July, 2017.
4. Nalini, K., Training workshop on extreme weather events over India: Observations, Assimilation and Modelling with 

special focus on Tropical Cyclones, IIT, Bhuabneswar, 18-25 June, 2018.

Deputations
1. Freddy P. Paul, 11th COSMO/CLM/ART Training Course, Langen, Germany, 12-16 March, 2018.
2. Roshny S., “An Introduction to Large-Eddy Simulation Model PALM”, Institute of Meteorology and Climatology, 

Leibniz, Germany, 25-29 September, 2017.

52



A T M O S P H E R I C  D Y N A M I C S  B R A N C H

Science Team:
 Geetha Ramkumar
 Kishore Kumar K.
 Sunilkumar S.V.
 Siddarth Shankar Das
 Venkata Subrahmanyam K.
Technical Team:
 Shajahan M.#

 Manikantan Nair N.
 Mohammad Nazeer M.
Research Associates:
 Muhsin M.
DST Post-Doctoral Fellow:
 Hemanth Kumar A.
 Pramitha M.
Research Fellows:
 Sneha Susan Mathew*
 Suneeth K.V.*
 Maria Emmanuel 
 Koushik N.
 Satheesh Chandran P. R.
# Transferred to MSA on 11th June 2018
* Term completed on January 2018

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 mesosphere-lower thermosphere. 
With this broad objective, the research activities are aimed at quantifying the 
atmospheric motion spectra from gravity waves (few minutes) to solar cycle 
(11 years) using ground and space based observations and to quantify the 
various aspects of atmospheric waves such as source mechanism, propagation 
characteristics, role in atmosphere coupling, short and long-term variability 
and their representation or parameterization in global models. Apart from 
the studies on waves and oscillations, the branch focuses on the tropical 
tropopause dynamics and associated stratosphere-troposphere exchange 
processes making use of simultaneous measurements of wind, temperature, 
ozone and water vapour. As part of SPL’s Polar research program, the branch 
has conducted three experimental campaigns at Bharati station in Antarctica. 
The horizon is expanded by taking up studies under the realms of cloud and 
climate dynamics, which is getting strengthened year after year.
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Figure 1: Day-to-day variation of amplitudes of zonal and 
meridional components of the semidiurnal oscillations at 88 km 
over (a) Thumba and (b) Kototabang respectively during 2008-09 
(Major SSW). (c & d)  are same as (a & b) but during 2011-12 
(Minor SSW). Horizontal dashed lines denote 95% significance 
level for zonal and meridional components [Koushik et al., J. 
Atmos. Sol.-Terr. Phys., 2018].

Middle Atmospheric Dynamics
Response of Equatorial and Low Latitude 
Mesosphere Lower Thermospheric Dynamics 
to the Northern Hemispheric Sudden Strato-
spheric Warming Events
The changes in zonal mean circulation and meridional 
temperature gradient brought about by Sudden Stratospheric 
Warming (SSW) events in polar middle atmosphere are 
found to significantly affect the low latitude counterparts. 
Even though there are a number of studies which bring out 
the relationship between SSW events and variabilities in 
the low latitude MLT system. The results on the response 
of low-latitude MLT region to SSW reported earlier are 
not very coherent. There are no comprehensive studies on 
semidiurnal and quasi 2-day wave amplification during 
SSW events over low- and equatorial latitude MLT region 
as most of the reported results are from case studies. In 
this regard, the present study focuses on delineating the 
observed dynamical features in equatorial and low-latitude 
MLT dynamics during Northern Hemispheric SSW events 
using  eight years of simultaneous observations of MLT 
winds over Thumba (8.5°N, 76.9°E) and Kototabang 
(0.2°S, 100°E). 

Figure 1 shows the day-to-day variation of amplitudes 
of zonal and meridional components of semidiurnal 
oscillations at 88 km over Thumba (a & c) and Kototabang 
(b & d) during 2008-09 (Major SSW) and 2011-12 (Minor 
SSW) respectively. Green dashed lines represent daily 
mean zonal winds at 88 km. Black vertical lines indicate 
the days of peak warming. Horizontal dashed lines 
denote 95% significance level for zonal and meridional 
components. Over both Thumba and Kototabang there is 

no considerable change in the amplitudes of semidiurnal 
oscillations during minor SSW winter. Whereas, a 
significant enhancement in the amplitude of semidiurnal 
oscillations during major SSW events over both Thumba 
and Kototabang is present. The most striking feature of 
this observation is that the enhancement of semidiurnal 
oscillations is most pronounced in the zonal component 
over Thumba, but the same is observed for the meridional 
component over Kototabang. The same observation is 
found to hold for two other Major SSW events over 
both the observation locations (not shown). The reported 
enhancements in the semidiurnal oscillations over low and 
equatorial latitudes are in zonal and meridional components 
respectively, for reasons yet to be explored. Preliminary 
examination of daily mean zonal winds reveals that the 
zonal winds seem to have neither a coherent response to 
SSW events nor any significant control on amplitudes of 
semidiurnal oscillations.

Figure 2 shows the day-to-day variation of amplitudes of 
zonal and meridional components of quasi 2-day waves 
at 88 km over Thumba (a & c) and Kototabang (b & d) 
during 2008-09 (Major SSW) and 2011-12 (Minor SSW) 
respectively. The lines in Fig. 2 are same as that in Fig. 
1. During quiet winters, there is no notable increase in 
the amplitudes of quasi 2-day waves (not shown). During 
major SSW events, the same is found to enhance over both 
the observational sites. Unlike semidiurnal oscillations, 
the enhancement of quasi 2-day wave amplitudes are 
not selective and can be seen clearly in the meridional 
component over both Thumba as well as Kototabang. 
During the minor SSW events of 2011-12 the quasi 2-day 
wave amplitudes were anomalously large, even attaining 
95 m/s over Thumba. The present study delineates the 
response of equatorial and low latitude MLT dynamics to 
typical polar stratospheric condition for the first time.

Figure 2: Day-to-day variation of amplitudes of zonal and 
meridional components of the quasi 2-day waves at 88 km over 
(a) Thumba and (b) Kototabang respectively during 2008-09 
(Major SSW). (c & d)  are same as (a & b) but during 2011-12 
(Minor SSW) [Koushik et al., J. Atmos. Sol.-Terr. Phys., 2018].
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A record breaking duration of the eastward 
phase of the stratospheric QBO at 20 hPa: Some 
new insights into the recent QBO disruption
The recent disruption in the QBO cycle during the 
Northern Hemispheric winter of 2015-2016 is investigated 
using MERRA-2 reanalysis data to understand the forcing 
mechanisms, which led to the phase change of the QBO 
from the eastward to westward phase at 40 hPa pressure 
level. A record breaking duration of about 23 months of 
the eastward phase of QBO is found at 20 hPa as a result 
of disruption of the eastward phase of the QBO at 40 hPa 
and below. This phase change in the lower stratosphere led 
to the stalling of the westward phase at 10 hPa level, which 
resulted in the shortest westward phase of the QBO at 10 
hPa and the shortest eastward phase at 40 hPa in the history 
of the QBO record.

Figure 3: Pressure level-month sections of zonal winds over 
Singapore using (a) Radiosonde observations and (b) MERRA-2 
reanalysis. (c) Time series of zonal winds at 40 hPa over 
Singapore derived from radiosonde observations and MERRA-2 
reanalysis data. Black arrows indicates the beginning of the QBO 
disruption event [Kumar et al., J. Atmos. Sol.-Terr. Phys., 2018].

The monthly mean zonal winds measured using radiosonde 
ascents over Singapore as well as those obtained from 
MERRA-2 reanalysis dataset are depicted in Fig. 3(a) and 
3(b) respectively for the recent decade (2011-2017). The 
MERRA-2 reanalysis dataset shown in Fig. 3(b) reproduce 
all the features of the QBO as observed by the radiosonde 
observations depicted in Fig. 3(a). The anomalous QBO 
reported by the recent studies can be noted during the 
month of February 2016, where the eastward winds at 40 
hPa pressure level are replaced by the westward winds and 
the descending westward winds at 10 hPa level are stalled. 
This is the anomalous QBO ever observed in the history 
of recorded stratospheric winds. The MERRA-2 reanalysis 

captured this event precisely as shown in Fig. 3(c), which 
shows the time series of monthly mean zonal winds at 40 
hPa. Both radiosonde and MERRA-2 derived winds go 
hand in hand and show high degree of co-variability. 

Figure 4: (a) Longitude-day section of zonal wind perturbations 
and (b) latitude-day section of 30-40 day oscillations at 40 hPa 
during 01 July 2015 to 31 March 2016 [Kumar et al., J. Atmos. 
Sol.-Terr. Phys., 2018].

To characterize the observed wave activity over the 
equatorial region, the longitude-time section of zonal winds 
over the equator is constructed (Fig. 4(a)) at 40 hPa. During 
the months of July-August 2015, the eastward propagating 
waves are dominating the wind perturbations with time 
period ~10-12 days. The westward propagating waves 
can be noted from the month of November 2015 onwards. 
The time-longitude wind perturbations are subjected to 
two-dimensional Fourier analysis. The spectral analysis 
shows that 30-40 day period wave is prominent during 
the anomalous QBO event. The latitude-day structure of 
30-40 day oscillation is also constructed (Fig. 4(b)) shows 
that the 30-40 day oscillations are propagating from 10°S 
to the NH tropics crossing the equator. This oscillation is 
observed during November-February, 2016. The present 
study suggests that the combination of mid-latitude 
Rossby waves forcing proposed by the recent studies 
and the westward propagating 30-40 day oscillation 
discussed in the present study as most probable cause for 
the observed QBO disruption. However, the uniqueness 
of this combination and the interaction between the 30-40 
day oscillations and mid-latitude Rossby waves over the 
tropics are yet to be investigated. 

Inference of horizontal propagation charac-
teristics of quasi-two day waves using simul-
taneous meteor radar observations of MLT 
regions over the equatorial and low latitude 
Seven years of simultaneous observations of the hourly 
zonal and meridional winds in the MLT region using 
meteor wind radar measurements over the low latitude 
(Thumba) and the equatorial latitude (Kototabang) are 
analysed to delineate the characteristics of the Quasi-Two-
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Day wave (QTDW) activity. A 4-day sliding window is 
applied to time series of the hourly zonal and meridional 
winds to estimate the day-to-day variation of the QTDW 
amplitudes. The monthly mean amplitudes of the QTDW 
is then estimated to construct their annul cycle. As the 
amplitude of the QTDW in the meridional winds are 
almost twice their amplitude values in the zonal winds, the 
study focused on the meridional component of the QTDW 
alone. A seven year mean climatology of the QTDW in the 
meridional winds is constructed. A remarkable agreement 
is found in the climatology of the QTDW over Thumba 
and Kototabang. The climatology of the annual cycle of the 
QTDW show three peaks in their activity, namely during 
January-February, June -July and in the month of October. 
However, the peak observed in the month of October is 
not very distinct from the boreal summer. The interannual 
variability of the QTDW over both the sites is observed 
to be in good agreement and has the same degree of 
variability during most of the years. The three peaks in the 
annual cycle of the QTDW are consistently observed every 
year. The height-month sections of the QTDW amplitudes 
over Thumba and Kototabang (Fig. 5) shows a large 
interannual variability in the QTDW activity over both the 
observational sites. In most of the years, three peaks can 
be identified in the annual cycle of the QTDW activity. 
In the year 2006, the QTDW activity over Kototabang is 
extended from the month of January to April with relatively 
large amplitudes. During the same year over Thumba, an 
additional peak in the QTDW activity during the month 
of April can be noticed in addition to the three regular 
peaks. Overall, relatively strong QTDW activity is found 
over Thumba in 2010, 2011 and 2012 during the months 
of January-February. Over Kototabang, in addition to these 
three years, strong activity is found in 2006 and 2007 as 
well. One common observation is the relation between 
the QTDW and the summer mesospheric easterly jet and 
associated baroclinic instability.  The observed interannual 
variation in the QTDW activity over both the stations can 

be attributed to the interannual variability in the strength 
of the summer mesospheric easterly jet. Simultaneous 
observations of winds in the mesospheric jet region are 
essential to verify this assertion. 

Further, the simultaneous observations of the instantaneous 
QTDW activity over both the observational sites were used 
to estimate their zonal wavenumbers. Figure 6a and 6b 
show the wavelet spectra of the hourly meridional winds 
over Kototabang and Thumba, respectively.  Both the sites 
show the QTDW activity with comparable magnitudes, 
along with diurnal tides which are relatively large over 
Thumba. A cross- correlation technique is used to infer the 
zonal wavenumber of the observed QTDW over both the 
sites. Three case studies are performed to infer the zonal 
wave numbers of the observed QTDWs. The analyses 
revealed that the QTDW observed during austral summer 
(January 2012), boreal summer (July-August 2008) and 
October month (October 2006) are westward propagating 
waves with zonal wavenumbers 3, 4 and 2, respectively.

Figure 5: Height-month section of meridional component of the QTDW amplitudes over Thumba (top panel) and Kototabang (bottom 
panel) during the years 2006-2012 [Kumar et al., Climate Dynamics, 2018].

Figure 6: The wavelet spectra of hourly meridional winds 
observed during October 2006 over (a) Kototabang and (b) 
Thumba. The first tick in the x-axis corresponds to 00 hrs (UTC) 
on 08 October 2006 [Kumar et al., Climate Dynamics, 2018]. 
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It is for the fi rst time that the zonal wavenumbers are 
deduced using ground based observations over the NH low 
and equatorial latitudes. The zonal wavenumbers estimated 
in the present study for boreal and austral summer months 
are consistent with the space based observations, which 
brings out the mean climatology of the QTDW, their 
interannual variability and zonal wavenumbers for seven 
years of simultaneous observations of meteor wind radars 
in the MLT region over the low and equatorial latitudes.

Validation of water vapour in the troposphere 
and lower stratosphere derived from satellite and 
reanalysis with balloon-borne Cryogenic Frost-point 
Hygrometer observations over the Indian Peninsula
A systematic validation of satellite and re-analysis water 
vapour data in the troposphere and lower stratosphere (TLS) 
region is carried-out using balloon-borne Cryogenic Frost-
point Hygrometer (CFH) observations. A total of 75 CFH 
soundings (49 from Hyderabad and 26 from Trivandrum) 
are conducted at Trivandrum and Hyderabad during 
the period 2014-2017 as a part of Tropical Tropopause 
Dynamics (TTD) campaigns under GPS Aided Radiosonde 
Network Experiments for Troposphere Stratosphere study 
(GARNETS) program. In the present study, CFH measured 
water vapour data are used to validate the quasi-collocated 
water vapour measurements by space-borne instruments 
(SAPHIR and MLS) and the global re-analysis water 
vapour data (MERRA and ERA-Interim) over Trivandrum 
and Hyderabad. The mean diff erence in relative humidity 
(RH) between CFH and SAPHIR for all the six layers is 
shown in Fig. 7 along with the percentage diff erence. In 
general, the mean diff erence in RH is ±15 % (which would 
be -25 % to 15 % of the CFH obtained RH) for the 4 lowest 
pressure layers (1000-850 hPa, 850-700 hPa, 700-550 
hPa and 550-400 hPa) and shows a dry bias for upper two 
pressure layers (RH diff erence of 10 % at 400-250 hPa and 
40 % at 250-100 hPa). 

The mean diff erence in lower stratospheric water vapour 
mixing ratio (WVMR) in ppmv obtained between MLS 

and CFH along with their percentage diff erence at both 
the stations (Fig. 8a). MLS shows a small wet bias (-10 
to -20%) between 100 hPa and 50 hPa and a small dry 
bias (<10%) above that region. The diff erence is plotted 
against the absolute value of the CFH measured water 
vapour mixing ratio irrespective of the pressure level (Fig. 
8b) shows MLS always underestimates when the CFH 
WVMR is greater than 6 ppmv and overestimates when 
the WVMR is less than 2 ppmv. CFH-MERRA diff erence 
is mostly within the uncertainty limit of CFH in the region 
100-40 hPa. The mean diff erence between CFH and ERA-
Interim specifi c humidity is negative between 100 and 50 
hPa with a mean diff erence of ~-0.25 ppmm (~-15 %) over 
both the stations. The diff erence becomes positive above 
50 hPa level.

Diurnal variation of the tropospheric water 
vapour over a coastal and an inland station in 
southern Indian Peninsula
Diurnal variation of atmospheric water vapour in the 
troposphere are studied using radiosonde observations 
conducted at 3 hour interval for three consecutive days in 
every month simultaneously over Trivandrum and Gadanki 
during the period December 2010 - March 2014 as part of 
TTD campaigns under CAWSES India Phase II program. 
Figure 9 shows the diurnal variation of column integrated 

Figure 7: Mean diff erence between CFH and SAPHIR obtained 
relative humidity over Trivandrum (TVM) and Hyderabad (HYBD) 
during the period 2014-17 along with the percentage diff erence 
with respect to CFH. The horizontal bar represents standard 
error [Emmanuel et al., IEEE Trans. Geosci. Rem. Sens., 2018].

Figure 8: (a) Mean diff erence between CFH and MLS obtained 
water vapour mixing ratio over Trivandrum and Hyderabad 
during the period 2014-17 along with the percentage diff erence 
with respect to CFH. The horizontal bar represents standard error. 
(b) Diff erence between CFH and MLS obtained water vapour 
mixing ratio over Trivandrum (TVM) and Hyderabad (HYBD) 
with respect to the CFH obtained mixing ratio value in the lower 
stratosphere region irrespective of the pressure level during the 
period 2014-17. The vertical dotted lines represent the uncertainty 
of CFH [Emmanuel et al., IEEE Trans. Geosci. Rem. Sens., 2018].
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water vapour (IWV) in all the seasons viz. winter (DJF), 
pre-monsoon (MAM), summer-monsoon (JJA) and post-
monsoon (SON) over both the stations. IWV shows a clear 
diurnal variation with lower values during the day and 
higher values at night. The amplitude in diurnal variation 
is almost similar at both the stations with a value of ~± 5-8 
kg m-2. Harmonic analysis shows that the diurnal and semi-
diurnal components together account for almost all the sub-
daily variations in IWV. The contribution of semi-diurnal 
component is ~25% of that of the diurnal component. 

Diurnal signature in water vapour is seen not only in IWV, 
but also in the altitudinal structure of absolute humidity. 
The normalized anomaly of absolute humidity showed a 
diurnal variation of ±(15 to 20)% from the surface to an 
altitude of 10 km in all the seasons (Fig. 10). There exists 
a time difference in the peaking hours of water vapour 

density between the two stations with Gadanki always 
leading that over Trivandrum. While the water vapour 
density peaks around midnight over Trivandrum, it peaks 
by late evening over Gadanki.

Diurnal variation of thermal structure in the Tro-
posphere and Lower Stratosphere and the Tropi-
cal Tropopause Layer over the Indian Peninsula
Short-term variability of temperature in the troposphere 
and lower stratosphere (TLS) including the Tropical 
Tropopause Layer (TTL) could have profound implications 
in the exchange of trace species between troposphere and 
stratosphere. Variations of the thermal structure in the 
TLS at Trivandrum and Gadanki are studied with special 
reference to the TTL using radiosonde observations carried 
out as part of TTD campaigns under CAWSES India Phase-
II program. Radiosondes are launched at 3 h interval for 
three consecutive days in each month simultaneously from 
both stations during the period December 2010 -March 
2014. 

The temperature structure in TLS region shows a prominent 
diurnal variation in all the seasons (Fig. 11). In the 
troposphere, it showed a cold anomaly during night/early 
morning and a warm anomaly during day. Based on static 
stability, TTL is defined as the region between the level 
of minimum stability (LMinS) and the level of maximum 
stability (LMaxS) and it is a composite of three sub-
layers; a bottom layer (BL) between LMinS and level of 
secondary minimum (LSM), a middle layer (ML) between 
LSM and cold point tropopause (CPT) and an upper layer 
(UL) between CPT and LMaxS. The static and dynamic 
instabilities vary significantly across these sub-layers. 
While the temperature anomaly showed a discernable 
diurnal pattern in all the three regimes of TTL during 
monsoon and post-monsoon season, it showed a semi-
diurnal component in the ML and UL regimes and a diurnal 
pattern in the BL during winter and pre-monsoon seasons. 
In the lower stratosphere, while the diurnal variation of 
temperature is relatively large at Trivandrum (±2K) with 
warm phase during early morning to forenoon hours and 
cold phase during evening to night, whose phase is locked 
with time in all seasons, the cold and warm phase (about 
±1K) propagates downward with time at Gadanki in the 
lower stratosphere region. Harmonic analysis shows that 
the amplitudes of the diurnal and semi diurnal components 
of the temperature in the troposphere is generally less than 
1 K. Above the CPT, the amplitude of both the components 
increases with altitude especially during winter and pre-
monsoon at Trivandrum. 

Diurnal variation of the altitudes of the boundaries of 
TTL sub-layers (LMinS, LSM, LRT, CPT and LMaxS) is 
shown as line plots in Fig. 11 and that of the corresponding 
temperatures is shown in Fig. 12. The diurnal variation of 
TTL parameters are relatively higher at Trivandrum than 
at Gadanki. At Trivandrum, while the altitude of LMinS 

Figure 9: Mean diurnal variation in IWV at Trivandrum and 
Gadanki during different seasons viz. winter (DJF), pre-monsoon 
(MAM), summer monsoon (JJA) and post-monsoon (SON) during 
the period December 2010 to March 2014. Vertical bars indicate 
standard errors [Emmanuel et al., J. Atmos. Sol.-Terr. Phys., 2018].

Figure 10: Diurnal variation of normalized anomaly of absolute 
humidity in the 0-10 km altitude region for different seasons at 
Trivandrum and Gadanki [Emmanuel et al., J. Atmos. Sol.-Terr. 
Phys., 2018].
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shows a pronounced diurnal variation in post-monsoon 
and winter season with a peak during noon, it shows a 
semi-diurnal variation in pre-monsoon and monsoon 
season with peaks during mid-night and noon. At Gadanki 
a semi-diurnal pattern is observed during pre-monsoon 
and monsoon periods. Altitudes of CPT and LRT show 
high values during night in all the seasons. The altitude of 
LMaxS shows a signifi cant diurnal variability with high 
values during the day (which is prominent during monsoon 
at Trivandrum). The diurnal variation of temperature at 
LMinS is opposite in phase to that of its altitude. While 
the LSM temperature at Trivandrum is minimum in the 
late morning and maximum during afternoon, at Gadanki 
it peaks during early morning and evening hours. Though 

the diurnal variation of the LSM altitude is very small, 
the corresponding temperature showed large variability. 
Temperature at the LMaxS shows a pronounced diurnal 
variation with peak values during noon in all seasons. 

In general, the TTL structure shows signifi cant diurnal 
variation with relatively large amplitude at LMinS level 
(0.5-1.5 km, 5-7 K) and smaller amplitude at LSM and 
CPT levels (0.4-0.8 km and 5-7 K, 0.2-0.5 km and 2-3 K, 
respectively) at both stations. Diurnal variation of LMaxS 
altitude is 0.6-1.2 km and its temperature is 3-5 K. While 
the diurnal variation of TTL thickness is ~ 1.3 km (~0.9 
km) during pre-monsoon and ~1.5 km (~1.3 km) during 
monsoon at Trivandrum (Gadanki). The diurnal variation 
in the thermal structure of TLS and TTL parameters could 
be attributed to the tidal eff ect and regional convection. 
The correlation analysis between diff erent TTL parameters 
reveals that, while adiabatic processes prevails in the BL, 
both adiabatic and diabatic processes are signifi cant in the 
ML and the UL is totally governed by diabatic process.

Eff ect of Convection on the Thermal structure 
of the Troposphere and Lower Stratosphere 
including the TTL 
Infl uence of convection on the thermal structure of 
Troposphere and Lower Stratosphere (TLS) is investigated 
using radiosonde data collected during diff erent convective 
categories at Trivandrum (8.5°N, 76.9°E), Gadanki 
(13.5°N, 79.2°E), Bhubaneswar (20.25°N, 85.83°E), 
Kolkata (22.65°N, 88.45°E) and Singapore (1.37°N, 
103.98°E), in the period 2008-2014. Deep convective 
temperature signals are extracted from the radiosonde 
measured temperature profi les collocated with the deep 
convective cloud tops inferred from Infra-Red Brightness 
Temperature (IRBT) obtained using Very High Resolution 
Radiometer (VHRR) on board KALPANA-1.

Figure 11: Diurnal variation of temperature anomaly in the 0-25 km altitude region for diff erent seasons at Trivandrum and Gadanki. 
Horizontal lines in each panel represent diurnal mean of LMinS, LSM, CPT and LMaxS [Muhsin et al., J. Geophys. Res. Atmos., 2017].

Figure 12: Diurnal variation of temperatures corresponding to 
the boundaries of TTL-sub-layers  (LMinS, LSM, LRT, CPT and 
LMaxS) during diff erent seasons at Trivandrum and Gadanki 
[Muhsin et al., J. Geophys. Res. Atmos., 2017].
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Investigation of two deep convective events (event 
1 during 5-8 May 2014 and event 2 during 29-31 
October 2012) reveals that during deep convection, the 
temperature structure showed lower tropospheric cooling, 
upper tropospheric warming and an anomalous cooling 
(warming) in the ML (UL) of TTL with respective to 
the clear-sky (Fig. 13). While the warming in the upper 
troposphere is strongest around 10-12 km (by ~2 to 4 K), 
anomalous cooling (with values ~ -2 to -4K) below the 
CPT is strong around 15.5 km and anomalous warming 
(with values ~3to 6K) above CPT is strong around 17.5 
km. In response to deep convection, a surface cooling up 
to -4 K is observed. Spatial distribution of the temperature 
anomalies derived from ERA-interim data showed that 
anomalous warming at 250 hPa level (~10 km) spreads 
over 1000 km and  anomalous cooling at 125 hPa (~15.5 
km) is fairly wide spreading over 2000 km during both 
the events. These warm and cold anomalies maximize at 
the core of the deep convection and decays rapidly with 
increasing distance. The time series observations showed 
that these temperature perturbations are observed 4 to 5 
days prior to the convective events itself.

Seasonal mean convectively perturbed temperature profiles 
for different Cloud Top (CT) categories are obtained 
separately over Trivandrum, Gadanki, Singapore and 
Northern part of the East Coast Indian (NECI) region 
(Bhubaneswar, and Kolkata) and these mean profiles 
are used to examine the effect of deep convection on the 
thermal structure of troposphere and lower stratosphere. 
The prominent features seen are lower tropospheric cooling, 
upper tropospheric warming, and cooling (warming) just 
below (above) the CPT similar to that observed in Fig. 13. The 
magnitude of this cooling /warming increases with increase 
in intensity of convection. Cooling near the surface during 
deep convective events is due to the long wave radiative 
cooling and latent heat cooling by evaporation of rain drops. 
The upper tropospheric warming is due to the latent heat 
released by the deep convective clouds. Cooling close to 

CPT is attributed to radiative cooling and adiabatic lifting of 
air by the convective clouds. The anomalous warming just 
above CPT could be attributed to the subsidence of air from 
the lower stratosphere as a result of deep convection.

Deep convection also influences the structure of the TTL. 
Fig. 14 shows the seasonal mean altitudes of boundaries 
of TTL sub-layers (LMinS, LSM, CPT, LRT, LMaxS) for 
different cloud Tops (CTs) and clear-sky condition. During 
deep convection, while the TTL-base is lifted up by ~1.5 
km (for deep convective cloud tops greater than 12 km) 
from its clear-sky level (~12 km), the TTL-top descends 
by ~0.5 km.  These two processes effectively shrink the 
TTL by ~2 km. It is observed that the main contribution 
to this thinning comes from the uplift of TTL-base. While 
the decrease in thickness of ML is small (< 0.5 km) during 
deep convection, the UL did not show any considerable 
change. Another interesting feature during deep convection 

Figure 14: Seasonal mean altitudes of LMinS, LSM, CPT, LRT, LMaxS for different cloud Tops (CTs) and clear-sky conditions over 
Singapore (DJF and JJAS), Trivandrum (JJAS), Gadanki (JJAS) and NECI (JJAS). Vertical lines represent the standard errors. C1, C2, 
C3, C4 and C5 represents the respective CT categories viz. 5 km >CT > 2 km, 8 km > CT > 5 km, 10 km > CT > 8 km,12 km > CT > 
10km and CT > 12 km. C0 represents clear-sky [Muhsin et al., J. Atmos. Sol.-Terr. Phys., 2018].

Figure 13: Altitude profiles of temperature anomaly during deep 
convection obtained by subtracting the clear-sky temperature 
profile from convection-perturbed temperature profile during 
event-1 and event-2. Horizontal lines represent corresponding 
CPT altitudes [Muhsin et al., J. Atmos. Sol.-Terr. Phys., 2018].
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is the descending and cooling of CPT. Correlation analysis 
between diff erent TTL parameters suggests that, as the 
cloud top altitude increases, along with adiabatic processes 
the diabatic processes also plays a major role in the BL and 
ML of the TTL.

Intercomparasion of temperature and humidity 
profi les derived from Pisharoty sonde-B3 series 
with diff erent types of radiosondes
Pisharoty-B3 series (PS) radiosondes are fl own along 
with other makes of radiosondes (iMet-1 and Graw) at 
diff erent geographical locations in diff erent meteorological 
conditions during GARNETS and ICARB-2018 campaigns. 
A total of 126 balloon fl ights (92 fl ights over Ocean and 34 
fl ights over land) are conducted with more than one type 
of radiosondes.  65% of the PS  shows excellent agreement 
for temperature (∆T < 1 K) with respect to other makes of 
radiosondes (iMet-1 and Graw).  In 35% of the profi les, PS 
underestimates the temperature (-1 to -2.5 K) in the altitude 
region 10-24 km (maximum at cold point tropopause). The 
possible reasons for this deviation are attributed to the 
deviation in calibration coeffi  cients of the PS thermistors. 
Inter-comparison of humidity profi le shows a deviation 
with in ±10 % up to 10 km.

Investigation of Kelvin-Helmholtz Instability us-
ing Doppler Lidar and Radiosonde observations
Kelvin-Helmholtz instability (KHI) is a dynamical instability 
which forms at the boundary of two fl uids with diff erent 
physical properties (e.g., density) producing velocity shear 
in horizontal direction. These instabilities thus generated at 

the interface of wind shear and stable layer are manifested as 
waves or “billows”, which are oriented perpendicular to the 
shear vector. This instability has a role in the (1) formation 
and dissipation of internal-gravity waves, (2) generation 
of Clear Air Turbulence (CAT) and (3) vertical transport 
of mass, momentum and atmospheric constituents. In the 
atmosphere, such instabilities do occur with wavelengths up 
to a few kilometres.  

In this study, we investigate the detail characteristics of 
KHI using Doppler wind lidar (DWL) observation during 
the Indian summer monsoon (ISM). Figure 15 shows time 
series of CNR profi les with a vertical resolution of ~50 
m for 10–16 August 2011 from DWL measurements. The 
increase in carrier-to-noise ratio (CNR) near planetary 
boundary layer which indicates the presence of KHI. The 
white and red dots show the boundary layer height derived 
from CNR profi les from lidar and temperature profi les from 
radiosonde, respectively. During the campaign, the strongest 
lidar backscatter signal is on 13 August 2011 (shown by 
rectangle box in Fig. 15) and persisted for a while. The 
time-height profi les of CNR during 02:00–12:00 LT on 13 
August 2011 (Fig. 16). A strong periodic power burst pattern 
in the CNR signal with maximum power of ~5 dB (shown 
by dark red in the color scale). The contour lines denote the 
power resolution and increases as one move towards inner 
contours. The strong backscatter signal is seen from ~03:00 
to 10:45 LT in the height range between ~600 and 1200 m. 
It is observed that the instability starts developing (at ~03:00 
LT) and merging (at ~04:30 LT) at an altitude of ~1000 
m. The strengthen CNR then began to broaden at ~05:00 
LT that extends from ~800 to ~1300 m in altitude within 
a time-span of ~5.5 h. This strong CNR signal disappear 
abruptly after 10:30 LT. Thus, the enhanced CNR in this 
case may be due to the presence of KHI. However, there is 
a possibility that the enhanced CNR can also be associated 
with the aerosols trapped in the boundary and stable layers. 
During the enhanced CNR period, easterly winds switched 
to westerly above the boundary layer. The vertical velocity 
is low; however, there are strong updrafts just after the 
enhanced CNR event. The maximum shear (S2) and 
horizontal wavelength of KHI billows are found to be ~15 
×10−4 s−2, and 3-3.5 km, respectively.  The wavelet spectrum 
clearly shows strong amplitude of 45–65 min during the 
KHI event (Figure not shown). The time when KHI billows 
are observed in the CNR profi les is consistent with the time 
when the periodicity is found in the wavelet spectra. 

Climate Dynamics
Regional Features of Hadley Circulation: 
A Tropopause Perspective
Most of the recent studies on the expansion of the tropics 
have used several zonally averaged metrics. However, as 
tropical heating is closely tied to the land-sea distribution, 
the expansion rate is envisaged to vary from region to 
region. A zonally averaged metric is thus inadequate 

Figure 15: Time–height intensity plot of carrier-to-noise ratio 
(CNR) from DWL 10 to 16 August 2011. White and red dots 
indicate the planetary boundary layer height estimated from CNR 
and radiosonde temperature profi le, respectively. Rectangle box 
marks the Kelvin-Helmholtz Instability (KHI) event [Das et al., 
Atmos. Res., 2017].  

Figure16: Time–height intensity plot of DWL–CNR from 02:00 
to 12:00 LT on 13 August 2011 [Das et al., Atmos. Res., 2017].
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to derive a zonally resolved expansion trend, which is a 
lacuna in the present understanding of the regional features 
of the Hadley Circulation/tropical belt. In this regard, 
the present study delineated the regional features of the 
tropical belt using three globally measurable metrics, viz. 
tropopause gradient  (TpGr), dry bulk static stability (BSS) 
and tropopause annual oscillation (TpAO), based on the 
tropopause height derived from the high vertical resolution 
COSMIC GPS-RO temperature profiles.  The annual cycle 
of the zonal mean width of the tropical belt derived from 
the TpGr, BSS, and TpAO metrics were found to agree very 
well with that derived from the meridional mass stream 
function (MSF) metric. 
Figure 17 shows the edges of the tropical belt identified 
for every 10° longitude using the three tropopause-based 
metrics for January (left panel) and July (right panel), 
respectively, for a representative year (2009). The figures 
represent a striking similarity in the regional tropical 
belt edges identified by all three metrics. The poleward 
displacement of the edges over land areas for the respective 
hemisphere’s summer is clearly evident in all three 
metrics. The minimum tropical width is seen in the East 
Pacific region (150°W-110°W) during boreal winter. There 
are large variations in the longitudinal pattern of edges 
for the TpAO and BSS metrics as compared to the TpGr 

Figure 17: (a) The meridional gradient in tropopause height 
identified at each latitude-longitude grid for January 2009. The 
latitude of peak TpGr value for each longitudinal grid is marked with 
white stars. (b) Same as (a), but for July 2009. (c) The monthly LRT 
height perturbations from the annual mean at each latitude-longitude 
grid for January 2009. The latitude where the absolute magnitude 
of LRT perturbation peaks in each longitudinal grid is marked with 
white stars. (d) Same as (c), but for July 2009. (e) The tropospheric 
dry bulk static stability identified at each latitude-longitude grid for 
January 2009.  The latitude of peak BSS value for each longitudinal 
grid is marked with white stars. (f) Same as (e), but for July 2009 
[Mathew and Kumar, IEEE-JSTAR, 2018].

metric, especially in the winter hemisphere. Thus all the 
three metrics seems to capture the longitudinal structure of 
tropical belt prominently. 

The study also brought out (1) zonally resolved contribution 
to the zonal mean width of the tropical belt in a quantitative 
manner, (2) the contribution of each 10° longitudinal 
sector to zonal mean width of the tropical belt estimated 
using the BSS metric. The contribution to total width is 
largely positive in the Eastern hemisphere and negative 
in the Western hemisphere (Fig. 18). An exception is the 
South American region (50°W-80°W) which has positive 
contribution to zonal mean tropical belt width during 
boreal winter, but only ~5%. During boreal winter, the 
tropical widths are significantly below the zonal mean 
over East Pacific (110°W-150°W) by ~30% and Atlantic 
(10°W-40°W) by ~15% and above the zonal mean over 
West Pacific (100°E-150°E) by ~15% and South American 
sector (50°W-80°W) by~5%. During this season, over 
Africa and the Indian Ocean the tropical width is wider 
than the zonal mean. During boreal summer, the tropical 
width is narrower than its zonal means over East Pacific 
by ~15% and Atlantic by ~15%, and above the zonal mean 
over the West Pacific by ~12%.The Indian Ocean sector 
(40°E-100°E) also has a significant positive contribution 
of ~15% during boreal summer, indicative of the possible 
impact of the Indian Summer Monsoon circulations on the 
regional width of the tropical belt at this sector. 
Thus during boreal summer, zonal mean tropical belt width 
increases as a result of the contribution from the Indian 
sector and the West Pacific sector; and it decreases due to 
negative contribution from the East Pacific and the Atlantic 
sectors. The observed longitudinal structure of width of the 
tropical belt and its seasonal variability can be associated 
with changes in the north-south movement of the ITCZ.  
The present study thus brought out the regional features 
of the width of the Hadley Circulation/tropical belt using 
a globally measurable parameter for the first time using 
tropopause-based metrics. The expansion rates of the 
tropical belt for different regions can be quantified in a 
reliable form using tropopause-based metric, once long-
term GPS-RO measurements are available.

Figure 18: Zonally resolved contribution to the zonal mean 
tropical width during boreal winter and summer estimated 
using the BSS metrics [Mathew and Kumar, IEEE-JSTAR, 2018].
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On the Role of Precipitation Latent Heating 
in Modulating the Strength and Width of the 
Hadley Circulation
The latent heat released in the clouds over the tropics plays 
a vital role in driving the Hadley Circulation (HC). The 
present study quantifi ed the infl uence of Latent Heat (LH) 
release on the spatial extent and intensity of the HC using 
the vertical profi les of LH derived from 16 years of space 
based observations of TRMM PR as well as from MSF 
derived from the ERA-I reanalysis data. Observational 
data have seldom been used in establishing the infl uence 
of LH release on the strength and width of the HC. The 
current study thus provided evidence for the results of 
these modelling simulations on how the HC is infl uenced 
by the LH release. The spatial distribution of the LH 
derived from the TRMM observations showed features 
of tropical convective activity consistent with the present 
knowledge, thus providing the credence for the TRMM 
LH measurements. Figure 19(a) and (c) shows the height- 
latitude section of the zonally averaged mean latent heating 
(1998-2013) within the atmosphere over the tropics during 
DJF and JJA, respectively. The vertical structure of zonal 
mean LH distribution brings out the features of the HC, 
which are consistent with the present understanding on 
the tropical circulation.  The vertical cross-section of the 
meridional mass stream function (MSF) in terms of height-
latitude section is depicted in Fig. 19(b) and (d) for DJF 
and JJA, respectively. The HC centre, edges and strength 
are extracted from these fi gures. 

The HC centre and the latitude of peak LH shows a 
very good correlation with correlation coeffi  cient of 0.9 

signifi cant at 95% level. However the correlation was 
observed to be insignifi cant after deseasonalization of the 
two time series. Investigation of correlation of the HC 
centre with the other two LH parameters shows that the 
width of the LH distribution has better co-variability with 
the HC centre (r= 0.53) even after deseasonalization. 

The latitude of peak LH and the HC intensities show very 
good degree of co-variability and are negatively correlated. 
The analysis shows that farther the latitude of peak LH 
from the equator in the summer hemisphere, stronger is the 
HC intensity in the winter hemisphere. Also the correlation 
analysis of HC intensities and the width of LH distribution 
show negative correlation with Northward intensity 
and positive correlation with Southward intensity. The 
correlation analyses of deseasonalized time series indicate 
that the latitude of peak heating as well as width of the 
LH distribution aff ects the intensity of the NH HC more 
strongly than the intensity of the SH HC on inter-annual 
time scales. It is observed that the co-variability of the 
total width of the HC with the total LH released within the 
ascend region of the HC is relatively more than that with 
the other two LH parameters. Figure 20(a) shows an inter-
comparison of the mean annual cycle of total LH within the 
ascent area to that of the HC total width and the total width 
of the HC follows a pattern that closely follows the annual 
cycle of the sum of LH within the ascent region. In order to 
clearly bring in the inter-annual variability among the two 

Figure 19: The latitude-height section of zonal mean LH over the 
tropics estimated from the TRMM PR measurements during the 
period 1998-2013 for (a) DJF (c) JJA. Also, vertical cross-section of 
MSF estimated from ERA-I reanalysis data during the period 1998-
2013 for (b) DJF (d) JJA. The HC boundaries are marked by dashed 
lines in (b) and (d) [Mathew and Kumar, Theor. Appl. Clim., 2018].

Figure 20: (a) The mean annual cycle of total width of the HC (red 
line) and LH released within the ascending limb of the HC (black 
line) for the period of 1998-2013. (b) Time series of anomalies 
(annual mean removed) of total width of the HC and LH released 
within the ascending limb of the HC (blue line) [Mathew and Kumar, 
Theor. Appl. Clim., 2018].
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parameters, a time series of their anomalies from January 
1998- December 2013 is constructed, and is shown in 
Fig. 20(b). The figure shows similar pattern of variations 
in the two parameters, especially after the year 2003.This 
is in support of the modelling studies, which report that 
the intense moist convections increase the vertical extent 
of the HC, and thereby increase the total width of the 
HC. However, further studies are required to explore the 
discrepancies between modelled and observed influence of 
the different LH parameters on the HC strength and width, 
especially after the deseasonalization.

Cloud Dynamics
CloudSat observations of three-dimensional 
distribution of cloud types in Tropical Cyclones 
There have been numerous studies on preconditioning 
of tropical cyclogenesis, its internal structure, frequency 
of occurrence and dynamics. Among many atmospheric 
processes associated with tropical cyclones, the clouds 
embedded in these systems play an important role in their 
sustenance and intensification. The intensification and 
movement of the tropical cyclones, among other factors, 
depend on the latent heat released in the clouds embedded 
in them. However, the amount of latent heat released by 
various cloud types is different and by knowing the cloud 
type, it may be possible to infer the latent heat released 
indirectly. So it becomes important to study the cloud type 
distribution within a cyclone for having better insights 
into its internal dynamics and vice versa. In this study, we 
use CloudSat observations for constructing the vertically 
resolved composite cloud type distribution as a function of 
radial distance from the eye of the cyclones formed in the 
North Indian Ocean. A total number of 25 tropical cyclone 

(8 in the Arabian Sea and 17 in the Bay of Bengal) passages 
during 2006-2014 are investigated for the present study. 

Figure 21(a-g) shows the frequency of occurrence of Deep 
Convective clouds (DC), Cirrus (Ci), Altostratus (As), 
Nimbostratus (Ns), Altocumulus (Ac), Stratocumulus (Sc), 
Cumulus (Cu), respectively as a function of height and 
radial distance from the eye of a cyclone. The DC clouds 
distribution depicted in Fig. 21 (a) shows its peak frequency 
of occurrence of 50% at ~50-100 km radial distance from 
the eye with a vertical extent of ~16 km. It is found that 
the DC clouds are always accompanied by As (Fig. 21 (c)) 
and Ci (Fig. 21 (b)) clouds and their peak frequency of 
occurrence is ~ 50% at ~50-100 km radial distance from 
the cyclone’s eye. The Ci cloud distribution showed a peak 
frequency of occurrence of 30% (at ~14-15 km altitude) at 
around ~200 km radially from the eye. 
The distribution of As clouds (Fig. 21 (e)) showed some 
discrepancy with respect to the present understanding of 
these clouds. The Sc clouds (Fig. 21 (f)) are observed in 
the center of cyclone as their vertical growth is inhibited by 
the downdrafts induced by the adjacent DC clouds. The Cu 
clouds (Fig. 21 (g)) are observed in the shadows of the DC 
cloud outflows and the significant amounts of these clouds 
are seen as far as ~ 500 km radially from the center of the 
eye. Overall, the present study shows that on an average the 
tropical cyclone consists of following distribution of clouds, 
Ci~ 20%; As~ 15%; Sc~5%; Cu~5%; Ns~15%; DC~15%.
Furthermore, to have a comprehensive view of the cloud 
type distribution embedded in tropical cyclones, a contour 
map of frequency of occurrence of all clouds is generated 
as shown in Fig. 22. This type of representation aids in 
visualizing what type of clouds dominates in which part 

Figure 21(a-g): The composite frequency of occurrence of Deep Convective clouds (DC), Cirrus (Ci), Altostratus (As), Nimbostratus 
(Ns), Altocumulus (Ac), Stratocumulus (Sc), Cumulus (Cu), respectively as a function of height and radial distance from the eye of 
cyclone. [Subrahmanyam et al., IEEE-JSTAR, 2018].
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of cyclone. The decrease of cloud tops as a function of 
the radial distance from the eye is more clearly seen in 
this fi gure. There are distinct regions showing peak in the 
frequency of occurrence of various clouds embedded in 
cyclone. For example, the Ns clouds show their frequency 
of occurrence at distant bands from the cyclone’s eye in 
Fig. 22 with decreasing frequency of occurrence from 
one band to another. Overall, the present study shows that 
on an average the tropical cyclone consists of following 
distribution of clouds, Ci~20%; As~15%; Sc~5%; 
Cu~5%; Ns~15%; DC~15%. The consistency of the cloud 
distribution discussed in the present study with that of the 
conceptual models is very encouraging. Thus the present 
study brought out the composite vertical structure of 
cloud types in the tropical cyclones for the fi rst time using 
CloudSat observations.

Dynamical aspects of vertical structure of 
Stratocumulus clouds over Arabian Sea 
during Indian summer monsoon season
Low level clouds warp mammoth regions of earth’s surface 
and plays a critical role in the earth’s radiation budget 
on spatial scales globally, especially stratocumulus (Sc) 
clouds. It is well known that diff erent cloud types exert 
diff erent radiative forcing to climate. Because of Sc cloud, 
which is the dominant cloud type interms of coverage 
and its signifi cant optical thickness refl ects considerable 
amount of incoming solar radiation. Therefore, these clouds 
are important contributors to cloud-climate feedbacks 
in climate models and very essential to understand their 
formation and mechanism and also what are dynamical 
factors associated with these clouds in GCMs. Owing to 
the importance of vertical structure of Sc clouds in earth’s 
radiation budget, the present study characterized the 
spatiotemporal variability of vertical structure of Sc clouds 
and associated dynamics over the Arabian Sea during the 
ISM period of 2006-2010 using CloudSat observations.

Figure 23(a) shows the fi ve year mean CloudSat frequency 
of occurrence (FOC) of Sc distribution during ISM period 

and (b) depicts the fi ve year mean height-latitude section 
of FOC of Sc clouds averaged over 55°-70°E longitudinal 
band respectively. The maximum FOC of Sc cloud is found 
to be over the western part of Arabian Sea, indicating that 
the vertical limit of Sc is below ~3 km, where the percentage 
of occurrence is less than 1% and the peak of maximum 
probability of occurrence is around 1.2 km (Fig. 23(b)) and 
the high occurrence of Sc clouds happens between10° to 
22.5° N latitudes over the ISM region.

Figure 24(a) represents the LLJ stream over Arabian Sea 
during ISM period. The moisture carried by low level 
winds and this causes convergence to form low cloud 
formation as seen in Fig. 24. The vector winds over the 
ISM region at 650 hPa level, indicate are strong southward 
winds from the Arabian land mass towards the Arabian 
Sea during this season. These winds are dry as they pass 
through the desert region and thus can aff ect the vertical 
development of the clouds through entrainment. The 
monthly mean profi les of temperature over the study 
region for June, July, August and September months (Fig. 
24(c)) shows the existance of strong thermal inversion in 
the 950-850 hPa level over the Arabian Sea, causing these 
regions are favourable for formation of low level clouds 
such as Sc clouds. These thermal inversions together with 
advection of dry air at 650 hPa level from the Arabian 
desert leads to  inhibition of vertical development of 
clouds over west Arabian Sea. The mean distribution 
of Sc cloud amount along with lower tropospheric 
stability (LTS) in contours during the month of August 
(Fig. 24(d)) shows LTS is high where the Sc amount is 
large. It suggests that the areas of high LTS are not favorable 
for development of clouds vertically. Thus, there are three 
factors, viz., low SST, large-scale subsidence-induced 
thermal inversion, and dry air intrusion in midtroposphere 
that infl uence the vertical development of clouds over the 
study region and favor the formation of Sc clouds. Hence 
the present study divulges the vertical structure of Sc 
clouds over the Arabian Sea during ISM period and brings 
out the dynamical and thermal structure aspects associated 
with the Sc cloud formation over the study region.

Figure 23: Five-year (2006-2010) (a) mean spatial distribution 
of FOC of Sc clouds averaged during ISM region (b) latitude–
height section (the FOC of Sc clouds is averaged in the 55°E 
to 70°E longitude sector). [Subrahmanyam and Kumar, J. Appl. 
Remote Sens., 2018].

Figure 22: Comprehensive view of the frequency of occurrence 
of various cloud types embedded in the tropical cyclones. 
[Subrahmanyam et al., IEEE-JSTAR, 2018].
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Future Projections
l Studies on dynamical processes in the Middle Atmosphere over Antarctica
l Gravity wave momentum fluxes over low and equatorial latitudes and their role in modulating the mean-flow in the 

MLT region
l WACCM simulations of planetary waves in the MLT region 
l Thermodynamics of troposphere and lower stratosphere over Indian Ocean-ICARB 2018
l Annual cycle of Ozone and Water vapour in the TLS region using CFH and Ozonesondes observations over Indian 

Peninsula
l Validation of INSAT-3D/3DR sounder with in-situ observations
l Consequences of  Hadley Cell expansion on the hydrological cycle
l Three dimensional structure and dynamics of the tropical Mesoscale Convective System using MST radar in active 

aperture mode
l Diurnal characteristics of thermal structure, ozone and water vapour associated with tropical cyclones
l Convective cloud structure during monsoon- A study using C-band Polarimetric DWR
l Characterization of multi-layered cloud bases using Ceilometer observations at Thumba
l Integrated Lidar system-procurement procedure advancing
l Initiation of FTIR procurement (proposal approved by high value committee, VSSC)
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Figure 24: Five-year mean (a) ERA-I winds at 850 hPa, (b) winds at 650 hPa, (c) temperature profiles at 60°E and 17.5°N, and (d)  
spatial distribution of FOC of Sc clouds along with contours of LTS. [Subrahmanyam and Kumar, J. Appl. Remote Sens., 2018].
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Technical Reports
Das, S. S., and Rajkumar Chaudhary Survey of MST/ST Radars and simulation of the radiation pattern of antenna array 
for the Active aperture VHF ThumbA Radar (AVTAR)”, SPL-TR-01-2017, May 2018.

Invited Talks
Geetha Ramkumar
“Sounding rocket programme of India” on 07 March, 2018, as part of the Structured Training Programme (STP) on 
‘Space Science Programme: ISRO & Global Scenario’, PRL, Ahmedabad, 05-09 March, 2018.

Public Outreach
Geetha Ramkumar
1. As Member, WSW@Media for World Space Week celebrations, contributed towards preparation of script for video 

on “Exploring New Worlds in Space”, which was telecast in Doordarshan, Trivandrum, 04-10 October, 2017.
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4. S. V. Sunilkumar, Muhsin M., Hemanth Kumar Alladi, Satheesh Chandran P. R., ICARB-cruise 2018, 16 January - 14 
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Training Programme
1. Kandula V Subrahmanyam is deputed to attend HRDD Training Programme on ‘Data Science, Data Mining, Data 

Analysis and big Data”, HRDD, VSSC, 12-13 October, 2017.
2. Kouhsik, N and Maria Emmanuel are deputed to attend Special Training course on ‘Atmospheric Remote Sensing for 

Weather & Climate’, IIRS, Dehradun, 02-12 January, 2018.
3. Siddarth Shankar Das is deputed to attend ISRO Structured Training Programme on “Communications, Navigation 

& Remote Sensing Payloads: User requirements, conceptualization, Design and Realization”, Space Application 
Centre, Ahmedabad, 04-10 January, 2018. 

4. Kandula V Subrahmanyam is deputed to attend ISRO Structured Training Programme on ‘Space Science Programme”, 
Physical Research Laboratory (PRL), Ahmedabad, 05-09 March, 2018.
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The aim of Ionosphere Thermosphere Magnetosphere Physics (ITMP) branch 
is to investigate the terrestrial upper atmosphere in context of its energetics 
and dynamics vis-à-vis the vertical and lateral coupling this region has with 
the magnetosphere above and lower atmosphere below it; and make use of 
these studies to provide better input for technological applications wherever 
possible. ITMP aims at extending these studies to other solar system bodies 
as well.
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The Role of Thermosphere Ionosphere Coupling 
in the Generation of Post noon F3 layers over 
Thiruvananthapuram: A New Perspective

F3 layers are additional stratifications occurring above 
the F2 region peak. Occurrence of post noon F3 layers 
(beyond 13 IST) over Thiruvananthapuram (8.5°N; 77°E; 
dip latitude ~ 0.5 °N), a dip equatorial station in India have 
been investigated using ground based ionosonde data, for 
the years 2004-2008. The present study attempts to explore 
whether the pre noon and post noon F3 layers can be 
explained on the basis of the coupling processes that are 
same as highlighted by Mridula and Pant (2015) and if so, 
whether all these processes are consistent with the overall 
understanding of the Thermosphere Ionosphere system.

Figure 1: Depicts the post noon F3 occurrence time, peak CEJ 
time and the F10.7 cm solar flux values for the period 2004 to 
2008, [Mridula and Pant, JASTP, 2018].

The occurrence of F3 layers were inferred from ionograms 
on a daily basis.  Fig. 1 (panels a to e)  depicts the time 
of  post noon F3 occurrence, along with the time of 
peak CEJ over Thiruvananthapuram for the period 2004 
to 2008. During 2008, in addition to the usual high F3 
layer occurrence during January and February, there is an 
enhanced occurrence during the July and August period 
also, which is unique. 

Top panel of Fig. 2 depicts the total number of post noon 
CEJ events over Thiruvananthapuram for the period 2004 
to 2008 when F3 layers did not occur, while the bottom 

panel represents the number of those CEJ days on which 
F3 layer appeared. It is observed that the number of CEJ 
occurrence without F3 layer is 49 during 2004, 70 during 
2005, 75 during 2006, 61 during 2007 and 83 during 2008. 
However the CEJ days on which post noon F3 layers 
appear are very less. This is seen from Fig.2, bottom panel. 
The number of F3 layers is 6, 4, 8, 5 and 22 respectively for 
the period 2004 to 2008 respectively. The analysis shows 
that post noon F3 layers occur mostly on CEJ days around 
16 IST to 18 IST. For the period 2004 to 2008, F3 layers 
appeared only on 12% of CEJ days indicating clearly that 
all CEJ days need not be F3 days. These observations 
clearly indicate that, the conditions conducive for the 
generation of F3 layers appear to be present only on CEJ 
days, but what limits the F3 occurrence to some CEJ days 
alone is one of the aspects investigated in the present study. 
It is found that the time of the ionospheric E- region electric 
field reversal as inferred from collocated ground based 
magnetometer observations plays a crucial role in the 
generation of post noon F3 layers. In fact an early reversal 
of electric field emerged to be the necessary condition for 
the formation of post noon F3 layers. A time delay of three 
to four hours is observed between the electric field reversal 
and the formation of F3 layer. 
This study clearly demonstrates that, the time of E region 
field reversal and CEJ occurrence plays an important role 
in the generation of post noon F3 layers. The present study 
brings out a new aspect of the prevailing thermosphere 
ionosphere coupling and demonstrates that the generation 
of post noon F3 layer is a consequence of the time evolution 
of EIA/electric field and the day to day variability of 
the occurrence/non occurrence of F3 layer can now be 
understood better depending on the evolution of dynamo 
electric field in the post noon hours

Climatology of GW-TIDs in the Magnetic 
Equatorial Upper Thermosphere over India

Gravity waves (GWs) are buoyancy waves, in which grav-
ity acts as the restoring force. They can propagate verti-
cally and horizontally, transporting momentum from their 

Figure 2: Top panel: Represents the total number of non F3 CEJ 
days over Thiruvananthapuram for the period 2004 to 2008.  
Bottom panel: Gives the number of CEJ days on which post noon 
F3 layers appeared [Mridula and Pant, JASTP, 2018].
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source to their sink. Their periods correspond to several 
minutes to hours. It has been reported that the only fac-
tor that modulates ESF occurrence in the electrodynamic 
regime other than electric fi eld is the GW induced seed per-
turbation. An analysis of gravity wave induced travelling 
ionospheric disturbances (GW-TIDs) in the thermosphere 
during high and low solar epochs is undertaken using iono-
sonde data at Trivandrum (8.5°N, 77°E). Wavelet analysis 
is performed on the temporal variations of foF2 and the 
amplitude of waves present in two bands of periods (0.5-
1.5) h and (2-4) h are extracted. The real height profi les are 
generated at 15 min internal for the whole day (for sample 
days) during high and low solar activity years. Fig.3 shows 
the wavelet spectra for the data at altitudes of 210 km 
(bottom panel) and 278 km (top panel) respectively of 05 
September 2002. The increase in amplitude of the waves 
of diff erent periodicities as the altitude increases is evident 
from Fig.3. Again, Fig.4 depicts the wave amplitude of the 
(2-4) h wave for the altitudes of 278 km (top panel) and 

210 km (bottom panel). From the fi gure, it is clear that the 
amplitudes are increasing with altitude and the phases of 
the wave are moving downward. This demonstrates the 
features of upward amplitude propagation and downward 
phase propagation, which confi rm perturbations as of GW 
origin. Similar features are displayed for the 0.5-1.5 hr 
wave also. The gravity wave origin of the foF2 fl uctua-
tions is also confi rmed for the low solar activity year 2005 
sample.
Diurnally the GW-TID activity in the (2-4) h period band 
peaks in the post sunset hours for both high and low solar 
epochs (Fig.5). For the 0.5 to 1.5 hour period band, the 
diurnal maximum in GW-TID is occurring in the post 
sunset hours for high solar epoch while it occurs in the 
morning hours around 10 LT for low solar epoch. 

Figure 5:  Diurnal pattern of GW activity during 2005 and 2002 
[Manju and Aswathy, JASTP, 2017].

Seasonally the day time GW-TID activity maximizes 
(minimizes) for winter (vernal equinox). The post sunset 
time GW-TID maximizes (minimizes) summer/winter 
(vernal equinox). The other interesting observation is the 
anti correlation of GW-TID in upper thermosphere with 
solar activity for day time and the correlation of the same 
with solar activity in the post sunset hours

Impact of Stratospheric Sudden Warming on 
the Occurrence of the Equatorial Spread-F

This study presents the evidence for the Planetary Waves 
induced modulations in the start time of the Equatorial 
Spread-F (ESF) during the period when Stratospheric 
Sudden Warming (SSW) events occur. The analysis based 
on three years of data over Trivandrum (8.5o N, 77o E, 
0.5o N dip lat.), which include two SSW years and a non-
SSW year, revealed that the PWs infl uence the start time 
of the ESF to a signifi cant extent during the SSW years 
(Fig. 6). It has been observed that the PWs propagate to 
ionospheric dynamo region from the atmosphere below and 
modify the electrodynamic processes like the Equatorial 
Electrojet and Pre-Reversal Enhancement, which is more 
pronounced during the SSW years. Such a modifi cation in 
the electrodynamics can modulate the equatorial plasma 
fountain and infl uence the F-region neutral dynamics, 
which in turn can aff ect the occurrence of ESF.  

Figure 3: Wavelet spectra of scaled frequencies at altitudes of 
210 km and 278 km for the year 2002 [Manju and Aswathy, 
JASTP, 2017].

Figure 4: The wave amplitude of the (2-4) h wave for the altitudes 
of 278 km (top panel) and 210 km (bottom panel) [Manju and 
Aswathy, JASTP, 2017].
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Figure 6: Day-to-day variation of time of occurrence of ESF 
(black circles) along with the amplitude of dominant PW in 
peaking time of EEJ (red) during the periods 2003–2004, 2005–
2006, and 2006–2007. The green line shows the daily variation 
of polar stratospheric temperature at 10 hPa. The blue arrows 
represent the systematic shifting of occurrence time of ESF 
toward later night [Jose et al., J. Geophys. Res., 2017].

Impact of Sudden Stratospheric Warming of  
2009 on the Equatorial and Low-latitude Ionosphere 
of the Indian longitudes: A Case Study

The vertical coupling between the lower and upper 
atmosphere forms one of the major drivers of day-to-day 
variability of the ionosphere. The situation becomes complex 
over low-latitudes as it is also coupled laterally to the high-
latitude dynamical processes. The Sudden Stratospheric 
Warming (SSW) is one such large-scale meteorological 
phenomenon which occurs over the polar winter hemisphere 
and affects the low-latitude ionosphere through changes in 
dynamics and energetics. Using the equatorial electrojet 
(EEJ)-induced surface magnetic field and total electron 
content (TEC) measurements, we investigated the impact of 
the sudden stratospheric warming (SSW) of January 2009 on 
the equatorial electrodynamics and low-latitude ionosphere 
over the Indian longitudes. Results indicate that the intensity 
of EEJ and the TEC over low latitudes (extending up to 30°N) 
exhibit significant perturbations during and after the SSW 
peak (Fig.7). One of the interesting features is the deviation 
of EEJ and TEC from the normal quiet time behavior well 
before the onset of the SSW. This is found to coincide with 
the beginning of enhanced planetary wave (PW) activity over 
high latitudes. The substantial amplification of the semidiurnal 
perturbation after the SSW peak is seen to be coinciding with 
the onset of new and full moons. Another notable feature is 

the presence of reduced ionization in the night sector over 
low-latitude regions, appearing as an “ionization hole,” well 
after the SSW peak. The investigation revealed the existence 
of a quasi 16 day wave in the TEC over low latitudes similar 
to the one present in the EEJ strength. 

Figure 7: Variation of EEJ (a) and TEC over Bhopal (b) as a 
function local time (LT) and day of year (DoY) during Jan-Feb 
2009. Solid curves represent stratospheric temperature at 10hPa 
averaged between 60-90° N. The days of new and full moon are 
indicated by open and solid circle, respectively [Yadav S et al., 
JGR, 2017].

Impact of Oscillating IMF Bz during 17 March 
2013 Storm on the Distribution of Plasma over the 
Indian Regions

The impact of an active geomagnetic storm (Dst ~ -130 nT) 
of March 17, 2013 on the concentration and distribution of 
ionospheric plasma in the equatorial, low and mid latitude 
ionospheric regions was studied. The storm had its onset 
coinciding with the local noon in the Indian ionospheric 
sector. An interesting aspect of the storm was a large 
fluctuation in the IMF Bz which kept on changing its 
polarity in quick succession for about 12 hours. It is known 
that a fast fluctuating IMF Bz results in a CEJ like situation 
at the dip equator due to the under-shielding of the prompt 
penetrating electric field by inner magnetosphere. It 
indeed was a case at Trivandrum on March 17.  An on-site 
Digisonde exhibited a sharp decrease in the daytime hmF2 
(altitude of F-region peak density) by as high as 100 km 
compared to the monthly average at 16:00 LT, a signature 
of westward polarity of background zonal electric field 
resulting due to a CEJ. But the most interesting aspect of 
the storm was an almost simultaneous increase in the total 
electron content (TEC) in the entire Indian ionospheric 
region (Fig. 8). In comparison to the monthly mean, there 
was a conspicuous increase in TEC over the dip-equator 
(Trivandrum, 8.5oN). The magnitude of increase compared 
to monthly mean slowly receded and had almost no change 
in its magnitude at the anomaly crest (Bhopal, 23.8oN ; and 
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Gaya, 24.7oN). Poleward of the anomaly crest, the TEC 
once again started increasing and at Shimla (31.1oN), a 
mid-latitude ionospheric station, it had a value close to 2 
times the monthly mean.
Increase in the TEC at the equatorial and low latitude 
region was understandable in the light of CEJ prevailing 
at the dip equator. The westward zonal electric fi eld 
pushed the F-layer in this region down to an altitude where 
recombination and diff usion played minimal roles. With 
no loss of plasma due to diff usion and photo-production 
of ions still taking place, an enhancement in the electron 
density at equatorial/ low-latitude region was inevitable. 
In this case, however, there should have been a marked 
decrease in the TEC at the anomaly zone as the inhibited 
diff usion of plasma to this region from low latitudes 
should have resulted in a net loss of plasma. Still a marked 
increase in the TEC was seen at regions beyond the 
anomaly crest. It was found that during the period when 
IMF Bz was fl uctuating very fast, there was an abnormal 
rise in Auroral Electrojet (AE) index, a signature of an 
intense Joule heating at the polar ionosphere. We surmise 

that this Joule heating of the thermosphere at the auroral 
region gave rise to the Travelling Atmospheric Disturbance 
(TAD) which pushed the plasma from high-latitude down 
to the low latitude  up to the equatorial anomaly crest. It 
supplemented the loss of plasma at anomaly crest resulting 
in  no change in the TEC and a marked increase in the TEC 
in the mid-latitude ionosphere. This is a fi rst ever evidence 
of a positive ionospheric storm simultaneously occurring 
at the equatorial, low and mid-latitude regions, though 
reasons of the increase in TEC at diff erent ionospheric 
were diff erent.

Hind-casting of Equatorial Spread F (ESF) 
using Seasonal Empirical Models

The role of gravity waves in modulating equatorial spread 
F (ESF) day to day variability is investigated using iono-
sonde data spanning at Trivandrum (8.5ON, 77OE) a mag-
netic equatorial location. A novel empirical model which 
incorporates the combined eff ects of electrodynamics 
and Gravity waves in modulating ESF occurrence during 
autumnal equinox season was presented earlier. In the 

Figure 8: A comparison of the TEC observed at Trivandrum, Agati, and Bangalore (near equatorial region stations), 
Hyderabad, Bhopal, and Gaya (stations near the anomaly crest), and Gwahati, Delhi, and Gaya (stations poleward of the 
anomaly crest) on 17 March 2013, and the monthly mean. The diurnal variation of the TEC is represented using the red 
curve. The monthly mean calculated for 10 quietest days of March 2013 and their standard deviation are shown using the 
black curve and the green shade, respectively [Shreedevi and Choudhary, JGR, 2017].
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present study, the height variations of the requisite grav-
ity wave seed perturbations for ESF is examined for the 
vernal equinoxes, summer solstices and winter solstices of 
diff erent years (Fig.9). Subsequently, the empirical model, 
incorporating the electro dynamical eff ects and the gravity 
wave modulation, valid for each of the seasons is developed. 
The delineated threshold curves for the above 3 seasons are 
shown in Fig.9. Accordingly, for each season, the threshold 
curve can be demarcated provided the solar fl ux index (F10.7) 
is known. The variations of the coeffi  cients of the threshold 
curves with F10.7 cm fl ux for the diff erent seasons are shown 
in Fig.10. The empirical models are validated using the data 

for high, moderate, and low solar years corresponding to 
each season. The model can be used to demarcate ESF and 
NSF days if the seed perturbation and F layer base height are 
known in the post sunset hours prior to ESF triggering.
ESF irregularities are harmful for communication and 
navigation systems and therefore research is ongoing 
globally to predict them. In this context, this study is crucial 
for evolving a methodology to predict communication as 
well as navigation outages.

Solar Activity Variations of Equatorial Spread-F 
Occurrence and Sustenance Time during 
Diff erent Seasons over Indian Longitudes using 
Two Decades of Ionosonde Data

Understanding the variability associated with ESF under 
diff erent geophysical conditions is crucial for developing 
an ESF prediction methodology. While ESF morphology 
is broadly understood in terms of solar variability 
and seasonal variability, the need for a model which 
incorporates the seasonal and solar activity variability 
still persists. It is in this context that the present work 
becomes relevant. Here the solar fl ux dependence of ESF 
occurrence pattern over Indian region is brought out using 
a large database of ionosonde data for diff erent seasons for 
the fi rst time. A seasonal pattern of ESF occurrence and the 
corresponding growth rate, γ is established for low solar 
(LSA), medium solar (MSA) and high solar (HSA) activity 
periods (Fig.11). For LSA, it is seen that the γ maximizes 
during post sunset time with comparable magnitudes for 
autumnal equinox (AE), vernal equinox (VE) and winter 
solstice (WS), while for summer solstice (SS) it maximizes 
in the post-midnight period. Similar responses are seen 
in the ESF occurrence pattern. For MSA, γ maximizes 
during post-sunset for VE followed by WS and AE while 
for SS γ maximises during post-midnight period. The ESF 
occurrence for MSA is highest for VE (80%), followed 
by AE (70%), WS (60%) and SS (50%). In case of HSA, 
maximum γ occurs for VE followed by AE, WS and SS. 
The concurrent ESF occurrence maximizes for VE and AE 
(90%), WS and SS at 70%.

An empirical model of the solar fl ux dependence of 
ESF occurrence is arrived at. Clear seasonal variability 
is evident in the solar fl ux variations of ESF occurrence 

Figure 9: Threshold curves for (a) ve (b) ss and (c) ws of the diff erent years of solar cycle 23 [Aswathy and Manju, JGR, 2018].

Figure 10: The solar fl ux variation of (a) y0 (b) ln(A) and (c) R0 for 
all the seasons [Aswathy and Manju, JGR, 2018].
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(duration) with an exponential (linear) increase manifesting 
for all seasons (Fig. 12). The cause of the above variation 
is examined in terms of the growth rate of the electro-
dynamical terms in the CRT instability growth rate. The 
growth rate shows a linear variation with fl ux whereas ESF 
occurrence percentage is found to show an exponential 
increase with the growth rate. This indicates that above a 
critical value of growth rate of ~0.005/s the ESF occurrence 
already reaches more than 85% and hence after that further 
growth rate increase does not lead to similar increase in 
ESF occurrence. That is, although growth rate increases 
steadily with fl ux, above the critical value of growth rate 
ESF occurrence tends to saturate. The ESF duration on the 
other hand is found to increase linearly with growth rate.

Figure 12: Solar fl ux variations of ESF occurrence and duration 
[Madhav et al., ASR, 2018].

Projects and New Initiatives
RAMBHA LP
Radio Anatomy of Moon Bound Hypersensitive Ionosphere 
and Atmosphere-Langmuir Probe (RAMBHA-LP) is one 
of the payloads on the Lander, Chandrayaan-2 mission. 

The objective of this payload is to measure the near surface 
plasma density and electron temperatures in the Lunar 
atmosphere. 

Developmental Status of Mechanical and 
Electronics Systems
The basic operational parameters and the mechanical/ 
electrical system aspects related to RAMBHA-LP have 
been discussed earlier. The RAMBHA- LP payload consists 
of the mechanical module and the electronics module. The 
designs of the mechanical/Electronics systems, design 
reviews/interface meetings, fabrication of EM/QM probe 
hardware etc had been completed last year.  The FM probe 
fabrication is also completed this year. The mechanical 
QM probe with boom has undergone the following tests 
successfully. (i) Probe assembly, cable routing probe 
performance testing by SPL. (ii) Ground level deployment 
test by ASMG. (iii) Qualifi cation level vibration testing at 
ISAC. (iv) Thermovacuum cycling and deployment tests at 
VSSC. (v) Review of test results by concerned committees 
and clearance for further deployment tests. (vi) System level 
deployment tests in thermovacuum at VSSC for hot, cold 
and nominal temperatures. (vii) Mechanical interface tests 
of QM probe with Lander completed at ISITE. (viii) The 
FM cable has been assembled with the FM LP and boom 
assembly at ASMG. (ix) The QM/ FM probes have undergone 
functional tests in vacuum chamber with electron source.
For the electronics system, the EM on-board electronics and 
software are ready and tests are ongoing. The circuit review 
design subcommittee meetings to clear the tested EM with 
results are underway. FM of on board electronics system is 
fabricated while the QM is under fabrication. The check out 
system for RAMBHA-LP is ready.

Development of RAMBHA-LP Quick Look 
Display Software: Current Status 
The science data from RAMBHA-LP consist of voltages, 
acquired every few milliseconds (variable), is stored in 
the Command, Telemetry, Data Handling and Storage 
System (CTDS) of the lander and later gets transmitted to 
the ground. At ground, the data is received at Indian Deep 
Space Network (IDSN), where the payload Acquisition 
software (PACQ) extracts the RAMBHA-LP data based 
on its APID and generates the .raw fi le with a session 
information fi le at the Indian Space Science Data Centre 
(ISSDC). The raw data serves as the input to the Quick 
Look Display (QLD) pipeline, which is the software used 
to process the raw data fi le and generate the plots showing 
the basic input/output parameters. QLD output will be used 
to validate the desired LP data and to change the on-board 
operating parameters if required. The QLD for RAMBHA-
LP has been developed using the Interactive Data Language 
(IDL), a powerful software for scientifi c data analysis 
and visualization. The QLD software has been designed 
to function in an automated manner. Fig.13 shows the 
RAMBHA-LP Quick Look Display Software Interface.

Figure 11:  The diurnal variation of ESF occurrence and CRT 
instability gowth rate for LSA, MSA and HSA [Madhav et al., 
ASR, 2018].
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Figure13: RAMBHA-LP Quick Look Display user Interface.

Aeronomy Experiments onboard Sagar Kanya 
during ICARB 2018
Some very signifi cant measurements concerning equato-
rial aeronomy were carried out during period January 16 
to February 14, 2018 under the ICARB 2018 program to 
study the latitudinal variability of large-scale equatorial 
processes like the Equatorial Ionization anomaly (EIA), 
Neutral Anomaly (NA) and Midnight Temperature Maxi-
mum (MTM). For this purpose, a dual frequency GPS 
receiver and a Multiwavelength Nightglow Photometer 
were installed (Fig. 14) and operated onboard the ship 
i.e. “Sagar Kanya” during its cruise. While the GPS TEC 
provided the variability of the ionized part of the thermo-
sphere, the airglow photometer gave crucial information 
on the neutral thermosphere. The track of the ship, which 
covered a region of ±10o on both side of the geomagnetic 
dip equator, provided a unique opportunity to study the lat-
itudinal variability of EIA and also the evolution and drift 
of equatorial plasma bubbles. The preliminary analysis of 
the data reveals that the airglow measurements conducted 

in and around the geographic equator indicate not only 
the presence of MTM but also its latitudinal progression 
in time, an aspect that has not been explored from the In-
dian longitudes. It must be mentioned here that the airglow 
measurements have not been performed from an oceanic 
platform elsewhere in recent past.  Detailed analysis of the 
data is in progress.

SOUnding Rocket Experiment (SOUREX) for 
Upper Atmospheric Studies over Geomagnetic 
Equator
The fi rst fl ight of the SOUREX series has been conducted 
using RH 300 MkIII from TERLS on April 06, 2018, 
which carried three scientifi c payloads namely (i) Electron 
density & Neutral Wind (ENWi) Probe, (ii) Langmuir 
Probe (LP) and (iii) Trimethyl Aluminium (TMA) vapour 
release. The prime scientifi c objectives of this scientifi c 
campaign have been (i) to measure the ionospheric density 
and neutral winds in the E-Region (~90-120 km) of the 
ionosphere using two independent techniques namely 
ENWi and TMA vapour release, (ii) to cross validate 
the measurements of wind by these techniques, (iii) To 
investigate the modulations in the neutral wind along with 
electron density at dynamo heights and their implications 
in providing a trigger for the generation of equatorial 
Plasma Bubble. 

Figure 14: (a) The GPS receiver and (b) Nightglow Photometer 
onboard research vessel Sagar-Kanya. 

Figure 15: TMA trails imaged after the evolution (3minutes after release) from three ground locations 
(a) Kanyakumari, (b) Kolam and (c) Tirunelveli .
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The RH 300 MkIII has been launched from Thumba 
on April 06, 2018 at 19:30 IST and all the scientifi c 
payloads performed as per the expectation. The data 
has been collected through ENWi, TMA and LP in the 
altitude region of ~90-105 km region and the TMA 
vapor has been successfully imaged form three locations 
namely Kollam, Kanyakumari and Tirunelveli (Fig.15). 
As a quick look, presence of plasma enhancements 
associated with Equatorial Electrojet is visible in the 

ENWi and LP data. Since the time of fl ight was in the 
twilight period, around 19:30 Hrs, such an observation 
involving TMA is fi rst of its kind in India. The TMA 
trails clearly indicate the presence of strong wind shears 
and waves in the region 90-105 km. The analysis is 
under progress and the fi rst cut results are promising. 
The fi nal results will address some of the unanswered 
questions pertaining to the wind structure in the lower 
ionosphere region over the geomagnetic equator. 

Future Projections
Two of the important developmental goals of ITMP involve completion of fl ight model of the proposed RAMBHA pay-
load for Chandrayaan-2 Lander mission, and commissioning of the fi rst phase of proposed AAVTAR. We also envisage 
expansion of the INSWIM network involving ground based optical and radio experiments, testing of the new experiments, 
being developed in-house for planetary and terrestrial studies, onboard ISRO’s RH rockets. These new experimental 
capabilities will be used to strengthen and facilitate measurements to understand various aspects of the atmosphere-
ionosphere, magnetosphere-ionosphere and Sun-Earth coupling processes.          
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1. Ajesh A, C. Vineeth, T. K. Pant and K. Kishore Kumar, Vertical Coupling between Sporadic-E Layer and Mesopause 

Region: A Case Study during Counter Electrojet Events, International Reference Ionosphere Workshop (COSPAR 
IRI CBW-2017), National Central University, Taoyuan, Taiwan, 13-17 November, 2017.

2. Ajesh A, T. K. Pant and C. Vineeth, On the variability of centroid of nocturnal O1D 630.0 nm emission: an investigation, 
International Reference Ionosphere Workshop (COSPAR IRI CBW-2017), National Central University, Taoyuan, 
Taiwan, 13-17 November, 2017.
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3. Aswathy R. P. and G. Manju, Gravity wave control on ESF day to day variability: An empirical approach, 32nd 
National Symposium on Plasma Science & Technology, Institute for Plasma Research, Gandhinagar, Gujarat, India, 
07-10 November, 2017.

4. Krishnaprasad C., S. V. Thampi, A. Bhardwaj, and T. K. Pant. Mass Spectrometric Studies of the Response of Mars 
to an Interplanetary Coronal Mass Ejection, Young Astronomers’ Meet (YAM) 2017, Inter University Centre for 
Astronomy and Astrophysics (IUCAA), Pune, India, 11-15 September, 2017.

5. Manju G, Tarun Kumar Pant, Sreelatha P, Rosmy John, N. Mridula, Aswathy R. P., Satheesh Thampi  J.K. Abhishek 
and A. N. Aneesh, IDEA payload observations of electron density and electric fields in the Near Earth Space 
Environment on board PS4 orbiting platform, APRSAF-24, Bangalore, India, 13-18 November, 2017.

6. Manju G., Sreelatha, P., Tarun Kumar Pant, Rosmy John, Aneesh A. N. and Satheesh Thampi, Design and development 
of Ionization Density and Electric field Analyzer (IDEA) Experiment for PSLV mission, Design and development 
of Ionization Density and Electric field Analyzer (IDEA) Experiment for PSLV mission, Hindi Seminar, VSSC, 
Trivandrum, India, 12 October, 2017.

7. Manju G.,Aswathy R. P. and Madhav Haridas M. K., Gravity wave control on equatorial spread F day to day 
variability: an empirical model approach, UN/USA Workshop on the International Space Weather Initiative: The 
Decade after the International Heliophysical Year 2007, Boston, USA, July 31-August 04, 2017.

8. Mridula N, Contribution of Women in Space Technologies and Science,  International Women’s day -National 
Conference for ISRO Women employees, NRSC, Hyderabad, 08-09 March, 2018.

9. Pant T K and Mridula N, A numerical simulation study on the role of horizontal wind shears in the generation of 
F0.5 layers over the dip equatorial location of Thiruvananthapuram, 32nd National Symposium on Plasma Science & 
Technology, Institute for Plasma Research, Gandhinagar, 07-10 November, 2017

10. Pant T K and Mridula N, F3 layers over Thiruvananthapuram: A comprehensive Analysis on their generation and 
evolution, 32nd National Symposium on Plasma Science & Technology, Institute for Plasma Research, Gandhinagar, 
Gujarat, India, 07-10 November, 2017.

Scientific Campaign
• Vineeth C. and  C. Krishnaprasad Participated and conducted Aeronomy Experiments on ICARB 2018, Onboard 

ORV Sagar Kanya, January 16 - February 14, 2018.

Deputation
1. Ajesh A, International Reference Ionosphere 2017 Workshop, Taiwan, 06-17 November, 2017.
2. Sneha Yadav, International Reference Ionosphere 2017 Workshop, Taiwan, 06-17 November, 2017.

Invited talk
Dr. Tarun Kumar Pant
1. “Near Earth Space : Past and Present”, Dept. of Physics, St. Berchmans College, Changanaserry, 11 August, 2017. 
2. “Plasma Processes In Near Earth Space : An Emerging Perspective”, Institute of Plasma Research, Ahmedabad, 32nd 

National Symposium on Plasma Science & Technology, 07-10 November, 2017. 
3. “Ionospheric Variability - Solar Forcing & Space Weather”, National Seminar on Modern Trends in Physics, 

Maharaja’s University College, Thiruvananthapuram,  23-24 November, 2017.
4. “Introduction to Space Science”, ISRO Induction Training Programme (IITP-29), VSSC, Thiruvananthapuram, 14 

November, 2017.
5. “Sun Earth Connections: Emerging Perspective”, DST’s IMPRESS program, Indian Institute of Geomagnetism, 

Mumbai, 19 February, 2017.
6. “Science and technology for sustainable future : An atmospheric and space weather perspective”, National Seminar 

on Science and Technology for Sustainable Future, Sanatana Dharma College, Department of Physics, Alappuzha, 
23 February, 2018.

Training Programme
• Vineeth C. and Md. Mossarraf Hossain attended ‘Recent trends in Electro-optics systems’, Laboratory for Electro-

Optics (LEOS), ISRO, Bangalore, 24 November, 2017.
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The research in Planetary Sciences started at SPL more than two decades back. 
Initially, the research was largely aimed at developing theoretical models for 
explaining new observations made by space based as well as ground based 
instruments and telescopes. Currently, planetary science branch plays lead 
role in planetary exploration by actively participating in space and planetary 
missions of ISRO, through the development of the scientifi c payloads to address 
the outstanding scientifi c problems and by bringing out the results through the 
analysis of the data gathered by these payloads as well as modelling. The research 
and development activities of PSB is categorised under four major themes: (a) 
interaction of solar radiation with planetary atmospheres and the processes 
initiated through this interaction, (b) solar wind and its interaction with diff erent 
planets and planetary objects, (c) planetary neutral atmospheres through in-situ 
observations, and (d) planetary surface and sub-surface characteristics including 
the mineralogy and thermal aspects. These themes have, in the past, necessitated 
the development of experiments like Sub-keV Atom Refl ecting Analyzer (SARA) 
and Mars Exospheric Neutral Composition Analyzer (MENCA) onboard 
ISRO’s Chandrayaan-1 and Mars Orbiter Mission (MOM), respectively, which 
led to path breaking scientifi c results. Experiments like CHACE-2 and PAPA 
are being developed for ISRO’s forthcoming Chandrayaan-2 and Aditya-L1 
missions, respectively. New scientifi c payloads such as Plasma AnalyseR for 
the Environment of Mars (PREM) and the magnetometers (fl ux gate and search 
coil), which have been accepted for the Mars Orbiter Mission-2 (MOM-2) of 
ISRO are also under development. The High Vacuum Space Simulation Facility 
(HVSSF) of SPL, which has been catering to the development, testing and 
calibration of scientifi c payloads developed within VSSC as well from outside 
ISRO, is getting augmented as per the developmental needs of scientifi c payloads. 
In addition, a clean room facility is setup at SPL for the payload development. 
The existing payload operation centre (POC) handles the operation management 
and data handling of MENCA on MOM. An advanced common POC for 
SPL is being set up which can cater to the requirements of various scientifi c 
payloads for the ongoing and future space and planetary missions of ISRO 
such as Chandrayaan-2, Aditya-L1, MOM-2 etc. The overall research activities 
under the four broad scientifi c themes are described in the following sections.
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Interaction of Solar Radiation with 
Planetary Atmospheres
Model for Negative Ion Chemistry in Titan’s 
Ionosphere
A one-dimensional photochemical model has been 
developed for the dayside ionosphere of Titan for 
calculating the density profiles of negative ions under 
steady-state photochemical equilibrium condition. The 
detection of negative ions in the upper atmosphere of 
Titan is one of the most exciting discoveries of the Cassini 
mission. There have only been two models which discussed 
the chemistry of negative ions in Titan’s upper atmosphere. 
There have been updates on reaction rate coefficients and 
dissociative electron attachment cross sections post these 
models. We modelled the chemistry of 10 anions in the 
dayside ionosphere of Titan using state-of-the-art cross 
sections and rate coefficients. Towards this, the model that 
was developed for studying the positive ion chemistry 
in Titan’s ionosphere [Mukundan and Bhardwaj, 2018] 
is extended by including the reactions of negative ions. 
An energy deposition model has been developed, which 
describes the absorption of solar UV radiation using Beer 
Lambert law. The attenuated solar flux thus obtained is 
used for calculating photoelectron production rate, which 
has been subsequently used in the calculation of steady 
state photoelectron flux by employing an Analytical Yield 
Spectrum (AYS) approach. AYS for N2 available in the 
literature is combined with the AYS of CH4 which has 
been developed using Monte Carlo technique [Bhardwaj 
and Mukundan, 2015] to obtain the composite yield 
spectrum which is subsequently used in the calculation 
of photoelectron flux. Primary production rate of major 
primary ions like N2

+, N+, CH4
+, CH3

+, etc. due to photon and 
photoelectron impact are calculated. The ion production 
rate is used as an input to a photochemical model which 
includes ion-neutral chemistry. The production and 
destruction reactions of various anions are taken in the 
model to calculate the number density of negative ions. 
We concentrated on the T40 flyby of Cassini orbiter and 
used the in-situ measurements from instruments onboard 
Cassini as input to the model. Figure 1 shows the density 
profiles of 10 anions computed using the model. 

The computed density profiles are compared with previous 
model results. Significant differences in the profiles 
were seen which show the importance of having updated 
parameters for modelling the anion density profiles. The use 
of updated cross sections increased the maximum density 
of the anions H−, OH−, and CH2

−  by two orders of magnitude 
than what was previously suggested. The study shows 
that H− could be an important anion in Titan’s ionosphere 
due to the abundance of parent neutral molecule methane 
and its relatively large dissociative electron attachment 
cross section. We identified the dominant production and 
loss reactions of each anion considered in the model at 
the ionospheric peak and suggested that it should be the 

reactions of H− with the neutrals HCN, C2H2, and C6H2 
that contribute significantly to the production of anions 
CN−, C2H

−, and C6H
− and not the dissociative electron 

attachment process as suggested by the previous models. 
We also presented a comparison between the modelled 
anion abundance with the relative density profiles of anions 
recently derived using the Cassini observations. The model 
results are found to be consistent with the observations 
based on which the current study could suggest the possible 
anions which could produce the observed relative density 
profiles. Our calculated relative density profiles of CN− and 
C2H

− show good agreement with the profile for 25.8−26.0 
m/q reported from the Cassini observations. The present 
study has suggested CN−  to be the anion which causes the 
peak at 26 amu. For the mass bin 49−50.1 m/q profile, the 
modelled profile of C3N

− is more consistent rather than that 
of C4H

 −.

Figure 1: The density profiles of 10 negative ions calculated in 
the present model, along with the total anion density [Mukundan 
and Bhardwaj, The Astrophysical Journal, 2018].

Solar Wind and its Interaction with 
Planets and Planetary Bodies
Science Results from the SARA Experiment 
onboard Chandrayaan-1
Previous studies using observations from SARA experiment 
aboard Chandrayaan-1 have shown that significant fraction 
of solar wind protons (up to 50%), gets scattered back to 
space after interacting with the regions of crustal magnetic 
fields on the Moon, known as Lunar Magnetic Anomalies 
(LMA). Such protons may get transported to lunar night 
side (near lunar wake) under the influence of interplanetary 
magnetic field and convective electric field of solar wind. 
We got the first observational evidence for such a transport 
using the observations of SWIM sensor of SARA. These 
protons with high angular spread were observed near 
the terminator and in the near wake region for specific 
orientations of interplanetary magnetic field. Using our 
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backtracing model, the source region of these near wake 
protons is found to be the large LMA at South Pole Aitken 
(SPA) basin. During the observation, Chandrayaan-1 was 
moving close to the SPA anomaly on the night side while 
SPA itself was on the dayside. The angle between the 
velocity of the protons that hit the lunar surface at the end 
of backtracing and that of the solar wind protons suggest 
forward scattering, in agreement with previous studies on 
angular scatter function of protons scattered from LMA. 
The manuscript is under review.

EVDF in the Solar Wind during Transient Events
The electron velocity distribution functions (EVDFs) in 
the solar wind at 1 AU have shown a Maxwellian core and 
a non-Maxwellian tail. The signatures of solar transient 
events such as coronal mass ejections (CMEs) and solar 
fl ares on the electron velocity distribution functions 
observed in the ambient solar wind at 1 AU in the ecliptic 
plane during 23rd and 24th solar cycle were studied in detail. 
Data from 3DP instrument onboard WIND spacecraft, 
CME data from LASCO coronagraph onboard Solar and 
Heliospheric Observatory (SOHO) at fi rst Lagrangian point 
(L1) and Solar fl are data from GOES satellite have been 
used for EVDF studies. The eff ects of 63 Earth-directed 
CMEs (halo CMEs and partial halo CMEs having width 
>300°) and associated solar fl ares on the EVDFs at 1 AU 
have been analysed. The EVDF integrated over electron 
thermal velocity component parallel and anti-parallel to 
the magnetic fi eld are used as a parameter to quantify the 
eff ects of events. The enhancements in the EVDFs in the 
core electron population as well as in the suprathermal 
population in the ambient solar wind during event eff ective 
periods at 1 AU in the ecliptic plane were quantifi ed. Eff ects 
of transient events (CMEs and solar fl ares) on thermal core 
and suprathermal halo are delineated. The results are under 
review. 

Aditya-L1 Mission
The Aditya-L1 is fi rst Indian solar mission scheduled to be 
placed in a halo orbit around the fi rst Lagrangian point (L1) 
of Sun-Earth system. There are two scientifi c payloads 
from SPL, VSSC onboard Aditya-L1: Plasma Analyser 
package for Aditya (PAPA) and Magnetic fi eld experiment. 
PAPA is indigenously developed by SPL with involvement 
from various entities of VSSC. The development of the 
magnetic fi eld experiment is in collaboration with LEOS, 
Bengaluru. 

Plasma Analyzer Package for 
Aditya (PAPA) on Aditya-L1
Revised Design
PAPA payload consists of an electrostatic energy analyser 
(ESA) section and a time of fl ight mass analyser section. 
The ESA consist of a set of electrodes which are biased to 
a certain potential to stream in the desired charged particles 
from a predefi ned direction, thus forming directional 

scanning mechanism. The preliminary design consisted 
of two electrodes for directional scanning. In such a 
confi guration, the required voltages were found to be 
higher than what could be realised within the specifi ed mass 
and power constraints. In order to keep the high voltage 
requirement within 5 kV, PAPA payload design is revised 
to include a middle grounded electrode for the directional 
scanning mechanism. The addition of the middle electrode 
leads to better angular coverage and lower voltage levels. 
The penalty for the addition of the middle electrode is a loss 
in the count rate from the normal direction or pixel zero. 
However, this is only minimal considering the throughput 
of the payload.

Figure 2: PAPA-SWICAR revised design with the middle electrode. 

The other improvement in the design is the addition of 
an electron defl ection mechanism in SWICAR sensor. 
SWICAR now includes an extra electrode that defl ects the 
electrons that are then detected using a separate Channel 
Electron Multiplier (CEM). This modifi cation enables 
us to get better angular coverage of electrons using twin 
detectors of SWEEP and SWICAR, which are orthogonally 
mounted. The revised design is shown in Fig.2. Ion optics 
simulations using SIMION package were performed to 
arrive at an optimal confi guration for electron detection in 
SWICAR sensor. Fig. 3 shows the electrons with an energy 
of 100 eV being defl ected on to the CEM detector.

Figure 3:Schematic of electron detection in SWICAR sensor.

Characterisation of Channel Electron 
Multiplier (CEM) Detectors 
CEM detectors are used for charged particles detection 
as well as for high energy radiation detection, and are 
capable of handling more than 5 million particles per 
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second. They are known for their compactness, high gain 
and rugged makeup. They are employed extensively in the 
electrostatic analyser and time of flight (TOF) sections of 
PAPA payload. The CEMs are made of semiconducting 
materials with a high surface resistance, which forms a 
continuous secondary electron emitting dynode when a 
potential is applied across it. The CEM offers a gain of 
106 at a voltage of 2000 V across the two ends. Four such 
CEM detectors were characterised at the High Vacuum 
Space Simulation Facility (HVSSF) for various parameters 
such as gain, and dark count, efficiency etc. It was found 
that CEMs exhibited a dark count of less than 1 particle 
sec-1 cm-2 and a gain of more than 1 × 106. CEMs were 
tested using Nitrogen ions as the input and the output was 
monitored using a preamplifier-amplifier-counter chain 
along with a pico-ammeter. The output current from the 
CEMs combined with the measured particle counts are 
used to calculate the gain of the detectors.

Electron Beam Imaging using Phosphor Screen
Charged particle sources are essential for generating the in-
put beam for plasma analysers in the laboratory. To visual-
ize the input beam, an imaging device like phosphor screen 
is vital. Phosphor screen emit photons when a charged par-
ticle strikes on it. Typically, one electron generates 20 to 
200 photons depending on the kinetic energy of the elec-
trons and the type of phosphor screen. Fig. 4 shows the im-
age generated by phosphor screen (P43) when exposed to 
1000 eV electrons originating at a distance of 100 mm from 
the screen. It was observed that the phosphor screen started 
emitting light at incident electron energy of 700 eV. Using 
image analysis techniques, the beam diameter and diver-
gence angle for the electron beam were calculated. Beam 
diameter at 100 mm working distance was around 55.26 
mm and the beam divergence angle was around 28.92°.

Figure 4: Electron beam at 1 keV captured using  
a phosphor screen and camera.

Testing and Characterisation of Ultrathin 
Carbon Foils
Carbon foils consist of thin nanometer sized layers of car-
bon mounted on a nickel mesh (Fig. 5(a)) having areal den-
sities in the range of 0.5 to 10 µg cm-2. The foil emits sec-
ondary electrons when ions with sufficient energy strike the 
foil. A carbon foil is used to generate START signal in the 

TOF section of PAPA payload. It is of utmost importance 
to experimentally determine the minimum energy require-
ment of incoming ions so that they successfully penetrate 
the foil and generate secondary electrons. This information 
is vital for setting the desired post acceleration voltages 
required in the TOF section of PAPA. To determine that 
parameter, an experiment was designed and conducted at 
HVSSF. The experiment setup for testing the carbon foil 
in high vacuum space simulation facility is shown in Fig. 
5(b). In the experiment, Nitrogen ions at an energy of 100 
eV were targeted at the carbon foil, which was biased to a 
negative potential varying from -100 V to -5000 V. Sec-
ondary electron counts were monitored using a CEM de-
tector that was kept at the back of the carbon foil. Figure 6 
shows the observed counts for different voltages applied to 
accelerate the ions. It was observed that secondary electron 
emission started at a post acceleration voltage of 3000 V. 
Thus it is concluded that, for a carbon foil having thickness 
of 12 nm and areal density of 2 µg cm-2

, the secondary elec-
tron emission starts after post acceleration voltage of 3 kV.

Figure 6: Observed counts as a function of voltage applied to 
accelerate the ions.

Realization of Proto-model for Time of Flight 
(TOF) Section of PAPA Payload
The TOF section (Fig. 7), known as TOF cell, in PAPA 
determines the mass to charge ratio of species and thereby 
the ion composition. TOF cell consist of an electric field 
free drift region wherein the charged particles are allowed 
to drift freely along a known distance. The time of flight 
value is calculated with the help of START and STOP 
signals. The START signal is generated using a carbon 
foil. The carbon foil, upon ion impingement gives out a 
stream of secondary electrons, which are collected using a 

(a) (b)

Figure 5: (a) Photograph of carbon foil mounted on nickel mesh, 
(b) Carbon foil test setup in high vacuum space simulation facility.
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CEM detector. The carbon foil is thin enough to let the ions 
with suffi  cient energy pass through them. The ions that 
penetrate through the foil are then collected at the other end 
of the TOF cell using a CEM detector. The chassis of TOF 
cell is made of Al-6061 and the isolation of high voltage is 
achieved using Delrin spacers.

Characterization of Ebanol-C Coating on the 
Electrodes used in PAPA Payload 
PAPA will make measurements continuously throughout 
the mission life time by directly exposing to sunlight in 
its operational environment. The continuous exposure 
can lead to a high background counts due to the incoming 
UV photons by multiple refl ections within the analyser 
structure or by the generation of photoelectrons. The high 
energy UV photons can also trigger electron avalanche 
in the CEM detector leading to a false detection. Since 
photons with energy ≥ 4 eV can stimulate the detector, their 
contribution need to be minimized in order to achieve a 
good signal to noise ratio. This can be achieved by coating 
the internal surface with a low refl ectivity coating based on 
copper oxide. A copper oxide blackening process formed 
by the Ebanol C process has been proposed for PAPA. 
This process has been used successfully for similar UV 
absorption requirement in plasma analyzers in several 
of the earlier space missions. The coating consists of a 
nickel bonding layer between the substrate and the copper 
layer. The surface copper layer is partially oxidized using 
the Ebanol-C process so that a fi ne layer of copper oxide 
crystal is formed. The dimension of these micro-fi ne 
crystalline structures is maintained at sizes smaller than 
wavelength of UV radiation. The crystal facets are then 
chemically oxidized to form a black velvety appearance 
having a very low (<5%) diff use refl ectivity. Copper oxide 
coating was made on a test sample of aluminium substrate 
(Fig. 8) at UR Rao Satellite Centre (URSC), ISRO and 
National Aerospace Laboratories (NAL). 

Figure 8: Aluminium substrate coated using Ebanol-C process.

The solar refl ectivity and absorbance of these coatings 
at wavelengths between 0.25 to 10 µm was measured 
at Analytical and Spectroscopy Division (ASD), 
VSSC using a Perkin Elmer make lambda 950 UV-
VIS-NIR and Spectrum GX FTIR spectrophotometer. 
Similar measurement was also made at Sophisticated 
Analytical Instruments Facility (SAIF), Indian Institute of 
Technology, Chennai at wavelength between 0.2 to 2.5 µm. 
The test samples showed a solar absorbance of 96% and 
refl ectivity of 4% after integrating over the wavelengths 
between 0.25 to 2.5 µm and normalizing it with respect 
to the corresponding solar spectrum in this wavelength 
range (Fig. 9). The Ebanol-C coated samples were tested 
for vacuum compatibility at the HVSSF. It was found that 
the coated samples were safe to be used in high vacuum 
conditions. 

.
Figure 9: Refl ectance spectra of copper oxide coating. 

Ground Segment Activities of PAPA
Aditya-L1 Ground segment activities have started, where 
several splinter groups (SG) have been formed to address 
various aspects such as communication, network, payload 
operations, payload data processing, quick look display and 
data archival. The plan for processing and archival of PAPA 
data and the requirements thereof has been communicated 
to mission and SG-2 team. The inputs sought by the ISSDC 
team on various requirements on data processing have been 
provided. The detailed operation plans for PAPA during 
launch, post launch, commissioning and normal phase 
observations has been submitted and presented to SG-5 
committee. The development of algorithms and software 
pipelines for the quick look display (QLD) and archival of 
PAPA science data is under progress.

Magnetic Field Experiment onboard Aditya-L1 
The magnetic fi eld experiment includes a Fluxgate Digital 
Magnetometer (FGM) with the main science objective to 
measure the magnitude and direction of the interplanetary 
magnetic fi eld (IMF) to study the disturbed magnetic 
conditions and extreme solar events by detecting the coronal 
mass ejection (CME) from the Sun. The measurements will 
supplement the outcome of other scientifi c experiments 
onboard such as PAPA and other plasma analysers. The 

Figure 7: Proto model of PAPA time of fl ight cell.
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dynamics of CMEs can be better understood with the help 
of in-situ magnetic field data at the L1 point region. This 
data will also serve as crucial input for the short lead-time 
space weather forecasting models. The proposed secondary 
science objectives are to study the impact of interplanetary 
structures and shock solar wind interaction on geo-space 
environment and to detect low frequency plasma waves 
emanating from the solar corona at L1 point.
The proposed FGM is a dual range magnetic sensor on a 6 
m long boom mounted on the Sun viewing panel deck and 
configured to deploy along the negative roll direction of the 
spacecraft. Since the quiet mode ambient IMF at L1 point 
is of the order of few nT and the magnetic field generated 
by the spacecraft field is of the order of few thousand nT, 
the 6 m boom will reduce the effect of spacecraft generated 
field by a factor of ~200. Two sets of sensors (tri-axial 
each) are proposed to be mounted, one at the tip of boom 
(6 m from the spacecraft) and other, midway (3 m from 
the spacecraft). The sensors are ring core based with 
ferromagnetic material as the core material provides the 
best noise performance and stability with temperature and 
time. The primary specifications of the Aditya-L1 FGM are 
listed in Table 1.
Table 1. Aditya-L1 FGM specifications

Sl. No. Parameter Values

1. Range, Resolution, 
Accuracy

1) ± 60,000 nT, 2 nT, 8 nT
2) ± 256 nT, 0.1 nT, 0.5 nT

2. Sensor type Dual triaxial fluxgate
3. Sampling rate 8 Vectors / sec
4. Non linearity 10 ppm

5. Size (Triaxial 
sensor) 87 mm × 66 mm × 56 mm

The Nyquist limit restricts the bandwidth of an FGM to 
half of the sampling rate. So, the FGM is sensitive only 
to DC and low frequency B-field in the range of 0 - 4 Hz, 
with the exception that the higher frequencies can get 
aliased to fit into the instrument’s bandwidth. At typically 
low amplitudes, these high-frequency components do not 
have a significant contribution to contaminate the output 
signal. The output signal can be separated into two parts, 
based on the source: 1) the IMF, 2) field generated by 

the spacecraft and its components. Each part, in turn can 
have two components: a transient component and slowly 
varying residual field. The specifications of the instrument 
are tuned to target and extract the varying component of 
the IMF. The FGM sensors are mounted on the spacecraft  
+Yaw deck on the stowed boom along –Roll axis, one at the 
tip and one midway as shown in Fig. 10. The electronics 
for signal processing, common for both sensors is placed 
inside the spacecraft.
Alfvèn Wave Detection at First Lagrangian 
Point (L1) with Magnetic Field Measurements

Plasma wave is one of the special features of any space plasma 
system. One such wave, namely Alfvèn wave, is a magnetic 
disturbance, which during its propagation picks ions from the 
background plasma in such a way that the ions sticks to the 
magnetic field lines moving along the propagation direction. 
Alfvèn waves are generated in the presence of a strong 
background magnetic field and are observed emanating 
from the Sun and are predicted to exist in the interplanetary 
medium, interstellar medium and supergiant stars. The solar 
plasma waves emanating from the Sun are spread out in all 
directions and can be observed near Earth. The L1 point is an 
ideal location to study the solar plasma processes remotely. 
Magnetic field measurements from two missions WIND 
and ACE operating at L1 point are analysed to decipher 
the signatures of plasma waves existing there. The effect of 
Alfvèn waves on the local magnetic environment is clearly 
observed from the magnetic field measurements along with 
the solar wind parameters at the L1 point. On analysing the 
magnetic field data from FGM onboard WIND and ACE 
spacecrafts, it was observed that an increasing pattern was 
observed on specific dates spanning two years, on February 
28, 2013 and February 12, 2014 as shown in Fig.11. It shows 
that these are consistent observations by both WIND and 
ACE at different positions around L1 point. Also, in both 
these plots, the magnitude of measured magnetic field almost 
becomes double which indicates the periodic pumping of 
magnetic energy into the local plasma and magnetic system 
by an electromagnetic plasma wave. The location of WIND 
and ACE spacecrafts on February 28, 2013 and February 
12, 2014 is shown in Geocentric Solar Ecliptic (GSE) co-
ordinate system in Fig.12.
There can be many reasons for the generation of these 
Alfvèn waves such as CMEs, Solar flares, Magnetic 
reconnection, etc. It was observed that there was a CME 
event reported on February 9, 2014. A typical CME 
velocity of 650 kms-1, for this particular occurrence, gives 
an estimated time of about 65.5 hours for the CME to 
reach at the L1 point from Sun. This time factor matches 
well with the observation of Alfvèn wave (which could 
have travelled along with the CME) on February 12, 2014. 
However, more scientific information, in the form of wave 
time varying electric and/or magnetic field, is required to 
characterize the Alfvèn waves which are predicted to exist 
at L1 point. The work towards this is under progress.

Figure 10: Schematic of Aditya-L1 spacecraft with deployed 
magnetic boom configuration [Vipin. K. Yadav et al., Advances in 
Space Research, 2018].
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Martian Plasma Environment: 
Scientifi c Payload Proposals Accepted 
for Mars Orbiter Mission-2 of ISRO
Plasma AnalyseR for the Environment of 
Mars (PREM) 
PREM has the scientifi c objective to investigate the 
solar wind interaction with Mars thereby understanding 
the plasma dynamics in the Martian magnetosphere, 
role of diff erent escape processes, and the variability in 
plasma boundaries. PREM consist of dual sensor capable 
of measuring ions and electrons over a wide angular, 
energy and mass ranges. The tentative model of PREM 
has been submitted for accommodation study as required 
by the MOM-2 study team to arrive at the preliminary 
confi guration of the MOM-2 spacecraft.

Fluxgate and Search-coil Magnetometers 
There has been only couple of attempts made to observe all 
the plasma waves that can exist in the Martian ionosphere 
and that too with instruments having a limited dynamic 
range. There are some plasma waves which may exist in 
the ionosphere of Mars but are not detected such as ion 
acoustic waves, lower hybrid waves, electron and ion 
cyclotron waves, etc. Therefore, a suit of instruments is 
proposed onboard India’s second Mars mission which 
comprises of a triaxial search-coil magnetometer (SCM) 
to measure the oscillating plasma wave magnetic fi eld 
and a triaxial fl uxgate magnetometer (FGM) to measure 

the background magnetic fi eld planned to be developed 
at LEOS, Bangalore. Since, the proposed instruments are 
designed to measure very low intensity magnetic fi elds; the 
spacecraft is required to be magnetically clean.

Planetary surface and 
sub-surface studies
Composition of Jupiter Irregular Satellites 
Sheds Light on Their Origin
The small irregular satellites are important to study be-
cause they may represent the planetesimals that coalesced 
and formed the core of the giant planets and the conditions 
under which they formed in the solar nebula. The Jovian 
planets of our solar system have both regular and irregular 
moons, which are grouped based on their orbital character-
istics. We observed three Jovian irregular satellites; Hima-
lia (JVI), Elara (JVII), and Carme (JXI), using the SpeX 
instrument on the NASA IRTF. The objective is to identify 
spectrally dominant minerals on the three irregular satel-
lites that could provide us with insights into a narrow time 
window when our solar system was forming. Using a linear 
spectral unmixing model we have constrained the major 
minerals phases on the surface of these three bodies.

Fig.14 shows the relative fl ux spectra of Himalia, Elara, 
and Carme normalized at 1.5 µm. Each spectrum plotted in 
Fig. 14 is an average of all NIR spectra observed on a single 
night. The average spectrum have been obtained using 
Spextool. Higher data scatter for the wavelength region 

    
Figure 11: Time series of IMF on February 28, 2013 (left) and February 12, 2014 (right) 

from WIND and ACE [Yadav et al., IETE Technical Review, 2018].

     
Figure 12: The positions of WIND and ACE spacecrafts around the L1 point on February 28, 2013 (left) and February 12, 2014 

(right) in the GSE co-ordinates. All distances are in units of Earth radii (RE) [Vipin K. Yadav et al., IETE Technical Review, 2018].
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around 1.9 µm and beyond 2.4 µm is due to the incomplete 
telluric correction (gray bars on Fig. 13). The averaged 
spectrum was used for modeling the surface composition. 
A broad absorption feature was observed at 1µm and a 
moderately red slope between 1.4 and 2.5 µm. Similarly, 
Elara spectra show a moderately red slope between 1.4 
and 2.5 µm but with shallower absorption band at 1 µm 
compared to Himalia. Carme spectrum shows an absorption 
band at 1.6 µm that is broader than the other two objects. A 
classical Spectral Mixture Analysis (SMA) approach based 
on a least square inversion was selected and included the 
option of automatic selection of multiple end members and 
evaluated the model fit by computing the coefficient of 
determination R2. The model first applied to the laboratory 
mixtures with known compositions for its validation. 

Figure 13: Normalised NIR reflectance spectra of Jupiter 
irregular satellites, Himalia (top), Elara (middle) and Carme 
(bottom), obtained using the SpeX instrument on the NASA IRTF. 
The spectra are normalised to unity at 1.5 µm. The averaged 
spectrum used for linear spectral unmixing is also shown. Higher 
scatter in some wavelength ranges is due to incomplete telluric 
correction. The grey bands indicate the location of the telluric 
bands [Bhatt et al., Astronomy and Astrophysics, 2017].

The modeling results of Himalia and Elara suggest a 
very reduced environment with negligible amount of Fe3+ 
present on these bodies. The detection of water or minerals 
which can only be formed in presence of water is important 

in order to understand the nature of the parent body(s) of the 
irregular satellites. This information also shed light on the 
processes occurred during the early stage of solar system 
history. We found phyllosilicates present in each case using 
the modeling approach. The presence of phyllosilicates 
indicate towards the past aqueous alteration in the parent 
body(s) of the studied irregular satellites. A comparison of 
NIR spectra of Himalia and Elara with the two large main 
belt asteroids (24) Themis and (52) Europa suggest that 
the parent body(s) of these irregular satellites family might 
have been derived from the main asteroid belt (Fig. 14).
The origin of the parent body(s) of irregular satellites 
is still an open question and a more definitive answer 
requires observations of several irregular satellites from 
each dynamical family with higher signal-to-noise ratio at 
full wavelength coverage from 0.6 to 3 µm. Planetesimals 
from different regions of the solar system are expected 
to show different spectral signatures in this wavelength 
range, and identifying these absorption features is the key 
to resolving the question of the origin of the parent bodies 
of the irregular satellites.

Figure 14: Averaged spectrum of Himalia compared to the 
main belt C-type asteroids (52) Europa and (24) Themis. The 
absorption band shapes of Himalia closely match (52) Europa. 
All observations are normalised to unity at 1.5 µm. The grey 
bands indicate the location of the telluric bands [Bhatt et al., 
Astronomy and Astrophysics, 2017].

Compositional Studies of Mare Moscoviense: New 
Perspectives from Chandrayaan-1 VIS-NIR Data
Moscoviense is one of the prominent mare-filled basin on 
the lunar far side holding key insights about volcanic activity 
on the far side. We analysed spectral and elemental maps 
of mare Moscoviense, derived using the Moon Mineralogy 
Mapper (M3) and Infrared Spectrometer-2 (SIR-2) data-
sets. The different mare units are mapped based on their 
spectral properties analyzing both quantitatively (band 
center, band depth) and qualitatively (Integrated Band 
Depth composite images), and also using their elemental 
compositions. A total of five distinct spectral units from 
the basin floor based on the spectral properties were found 
and are shown in Fig.15. Analysis suggest that the northern 
part which was mapped as Iltm unit (Imbrian low Ti, low 
Fe) by earlier researchers is actually a distinct unit, which 
is different in composition and age, named as Ivltm unit 
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(Imbrian very low Ti and very low Fe). We obtain the 
model age to be 3.04 Ga with errors of +0.3/-0.84 Ga for 
the unit Ivltm. The newly identifi ed basalt unit Ivltm is 
compositionally intermediate to the units Im and Iltm in 
FeO and TiO2 abundances. The unit Im (Imbrian very low 
Ti) from southern and northern regions of the basin fl oor 
are spectrally distinct in terms of band center position and 
corresponding band depths but considered as a single unit 
based on the elemental abundance analysis. The units Ivltm 
and Im are consistent with a high-Al basalt composition. 
Detailed analysis of the entire Moscoviense basin indicates 
that the concentrations of orthopyroxene, olivine, and Mg-
rich spinel, named as OOS rock family are widespread and 
dominant at the western and southern side of the middle 
ring of the basin with one isolated area found on the 
northern side of the peak ring.

Terrain Camera (TC) images at a resolution of 10 m/pixel 
from Kaguya mission have been obtained for all the newly 
reported OOS locations (OOS-6 to OOS-12) in order to 
understand their geologic context as shown in Fig. 16. We 
found that all the newly reported OOS locations are either 
linked to craters or small ridges along the inner ring of the 
Moscoviense basin.

Ground Segment Activities of CHACE-2 
onboard Chandrayaan-2 Orbiter
The ground segment activities of CHACE-2 include 
development of algorithms and software pipelines for 
data processing, operation planning and payload health 
monitoring. The data fl ow from CHACE-2 to spacecraft 
followed by the transmission to the ground and the various 
processing carried out at ground are illustrated in Fig. 17. 
On the spacecraft, data from CHACE-2 is transferred to the 
baseband data handling (BDH) unit. From the BDH, data in 
the space packet format is sent to state recorder (SSR). The 
data once transmitted to ground is received at Indian Deep 
Space network (IDSN). The Payload data Acquisition System 

(PACQ) acquires the data and separate the CHACE-2 data 
based on the APIDs (286 & 302). This generates raw data 
fi le for CHACE-2 at the Indian Space Science Data Centre 
(ISSDC). This data is the input to the quick look display 
(QLD) software. Further, the raw fi le is fed to the ISAC 
level-0 processing area for subsequent level-0 processing. 
The level-0 output fi les consist of payload science data (.pld) 
as well as ancillary data fi les. These output fi les as a bundle 
(.tar) are pushed to the archival area, where it needs to be 
processed by the archival pipeline for long term archival 
(LTA) of data as per planetary data system standard (PDS) 
for public release. The level-0 tar fi les are pushed to the 

Figure 15: Basalt unit map of Mare Moscoviense constructed 
according to the FeO and TiO2 contents based on Wöhler et 
al. (2014) algorithm. The newly identifi ed unit Ivltm appears 
in yellow also covers some regions in south and west of Mare 
Moscoviense. The base map is from LRO WAC mosaic (100 
meters/pixel resolution) [Bhatt et al., Icarus, 2018].

Fig ure 16: Geologic context of the newly identifi ed OOS 
exposures; (a), (d), and (g) Kaguya TC view of the OOS 
exposures; (b),(e), and (h) M3 standard color composite of the 
region containing OOS exposures. The exposures are captured 
in tones of fl uorescent green and pink shades; (c), (f), and (i) M3 
color composite overlaid on Kaguya TC images highlights the 
association of the OOS exposures identifi ed in this study with 
either craters or ridges [Bhatt et al., Icarus, 2018].

Figure 17: Schematic of CHACE-2 data fl ow from spacecraft to 
ground and the various stages of data processing at ground.
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CHACE-2 payload operation centre also for detailed science 
data analysis by the science team.
The two major milestones in ground segment activities 
include the development of software pipeline for the QLD 
of science data and LTA of science data as per PDS standards 
for releasing the data to public. Both these pipelines have to 
be installed in ISSDC and have to work in fully automated 
manner. The software has to run continuously and fetch the 
input files from the input area of the server and the output 
and the log files have to be dumped in respective areas and 
should have advanced Graphical User Interface (GUI) for 
display and for any interaction.

CHACE-2 Quick Look Display
The development of the QLD software for CHACE-2 has 
been successfully completed, validated and tested. The fi-
nal software requirement specifications (SRS) document 
and the software design document (SDD) have been gen-
erated. The QLD is fully automated where it fetches the 
CHACE-2 data from a given input area, processes the data, 
and generates the plots for the quick look display. The soft-
ware has extensive error handling features and enhanced 
GUI for display. The software is developed in interac-
tive data language (IDL). The version 1 of the software 
is successfully installed at tested at ISSDC. Based on the 
test results, improvements in automation and GUI were 
implemented. The final version is ready for installation at 
ISSDC. 

Archival of CHACE-2 Science Data in PDS4 
Standards
The archival of Chandrayaan-2 data are as per PDS4 
standards. CHACE-2 software interface specifications 
(SIS) document has been generated that describes the PDS4 
data products for CHACE-2 with header file information, 
different levels of data processing and the various ancillary 
data requirements. The SRS for archival software pipeline 
is generated and the software development is under 
progress in IDL. For the successful completion of the 
archival task and for the cross interaction among various 
payload teams, a PDS4 working group has been formed 
by ISTRAC with representation from each payload team. 
There were several discussion meeting over videcon and 
a PDS4 workshop was also conducted by ISTRAC, with 
participation from payload teams.

Payload Operation Centre (POC) at SPL
MENCA Payload Operation Centre 
The MENCA Payload Operation Centre in SPL is the nodal 
point for the MENCA operation, data reception and the 
monitoring the housekeeping (HK) parameters. MENCA 
had several operations and the data has been received at 
the POC through NKN-VRF link from the Indian Space 
Science Data Center (ISSDC). HK data files are received 
and processed regularly and quick look plots of the relevant 

HK parameters are generated for assessing the health of 
MENCA. 
The pipeline for MENCA data archival as per the 
international Planetary Data System (PDS) standards 
jointly developed by SPL and SAC has been successfully 
operational at ISSDC. The pipeline regularly generates 
the data sets required for Long Term Archive (LTA) of 
MENCA data, which is meant for release to general public. 
After the completion of two years around Mars by MOM, 
the data sets corresponding to the second year has been 
successfully released to public on 24 September 2017. The 
data is hosted at the ISSDC website (http://www.issdc.gov.
in/marsmission.html).

New Initiative: Setting up of Advanced SPL 
Payload Operation Centre 
Scientific payloads from SPL on the ongoing and future 
planetary missions of ISRO such as Chandrayaan-2 
(orbiter and lander), Aditya-L1, MOM-2 etc., calls for 
an extensive payload operation centre that cater to the 
requirements of operation management, data reception 
and data analysis for the various payloads. In view of 
this, an advanced payload operation centre is being set 
up in SPL with sufficient space allocated and equipped 
with full-fledged network and computing facilities for 
uninterrupted data reception and analysis. The work 
towards this is under progress.

High Vacuum Space Simulation Facility
In the year 2017, the major activities carried out at HVSSF 
are the pre-flight level testing and evaluation of CHACE-2 
onboard Chandrayaan-2 Orbiter and RAMBHA-LP 
onboard Chandrayaan-2 Lander. CHACE-2 flight model 
tests were conducted during October and November 2017 
and RAMBHA Engineering model tests were carried out 
during October 2017. PAPA payload development took 
major strides through the testing and characterisation of 
carbon foil and channel electron multipliers in the 1m 
class high vacuum chamber. Vacuum compatibility tests of 
Ebanol-C coating samples meant for PAPA were performed 
in the 40 cm class chamber at HVSSF. 
HVSSF has enhanced its charged particle generation and 
imaging capability through the installation of a high energy 
electron gun and two phosphor screens. The gun can generate 
electrons with energies of 1 keV to 30 keV at high vacuum 
and also flaunts rastering, focussing and pulsing capabilities. 
With the addition of the new electron gun HVSSF now 
covers the entire energy range for the testing and calibration 
of indigenously developed instruments like PAPA. 
Using the newly installed phosphor screen beam profiling 
of the low-energy electron gun was done and key 
parameters such as beam diameter and divergence were 
determined. HVSSF also catered to the needs of Vellore 
Institute of Technology in designing and testing a Meteoric 
Smoke Particle (MSP) detector. 
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Test and Evaluation of CHACE-2 
Flight Model
CHACE-2 is a mass spectrometer designed to measure 
relative abundance of various atoms/molecules in the 
exosphere of the Moon. Thus, there is a need to crosscheck 
the performance of the instrument by inserting it in to a 
known gaseous environment. CHACE-2 Flight model 
was exposed to nitrogen dominated and Argon dominated 
environments and the performance was verifi ed. The 40 
cm class chamber in HVSSF was employed for this task. 
Initial and Final SRC tests of CHACE-2 payload were also 
performed at HVSSF. 

Engineering Level Test of RAMBHA-LP
RAMBHA-LP on Chandrayaan-2 lander is designed to 
measure the charged particle density in the near lunar 
environment. In order to calibrate the instrument, 
it must be exposed to a known electron density. Thus a 
set of experiments were performed wherein RAMBHA-
LP payload was kept inside the 1m-class high vacuum 
chamber and was exposed to electrons with energy in 
the range of 1 eV to 10 eV (Fig. 18). The derived number 
densities were found to be in agreement with the residual 
number density.

Figure 18: Test setup for RAMBHA-LP.

Installation of High Energy Electron Gun
The newly installed electron gun is a complete subsystem 
consisting of fl ange mountable electron gun, power supply 
unit and control unit (Fig. 19). Both beam current and beam 
energy are independently adjustable over wide energies 
ranging from 1 keV to 30 keV and current from 100 nA to 
10 µA. The beam divergence is also directly controllable. 
It uses a Lanthanum hexaboride cathode and provides a 
small spot, down to 15 µm. The gun’s adjustable optics 
includes two focusing lenses as well as three quadrupole 
alignment and two octopole defl ection elements. It has 
an in-line faraday cup, which can be used to measure the 
electron beam if and when it is diverted using a blanker 
element. The blanker element is also used for pulsing as it 
can cut off  the beam while the source is switched on. The 
gun is to be extensively used for the calibration of SWEEP 
and SWICAR sensors of PAPA payload.

Figure 19: High energy electron gun assembly. The zoomed in 
view of electron gun is shown in the inset.

Testing of MSP (Meteor Smoke Particle) 
Detector of VIT University, Vellore
A team of students of VIT University are developing 
a rocket borne payload to detect and measure the 
concentration of Meteor Smoke Particles in the altitude 
range 60–100 km over India. HVSSF provided them the 
facility for testing and calibration of their Faraday cup 
detector, Xenon fl ash lamp and a signal conditioning 
circuit.

The following tests were carried out at HVSSF.

• Tested faraday cup detector with and without grid 
using low energy electron gun.

• Tested the Xenon fl ash lamp after providing necessary 
harnessing to the power supply.

• Tested the I-V converter signal conditioning circuit 
using a pico-ammeter source meter.

Future Projections
Immediate Goals
The presence solar wind protons refl ected from the Earth’s 
of bow shock in near lunar environment using SARA/
Chandrayaan-1 data is progressing. Regarding PAPA, the 
immediate goals include testing and Calibration of the 
Time of Flight (TOF) Section of PAPA payload, testing the 
effi  ciency of UV trap, and the realization of Engineering 
model. Testing and calibration of RAMBHA on 
Chandrayaan-2 lander also be pursued in fast track mode. 
Regarding the plasma wave studies, the immediate plan is 
to realize the Engineering model of fl uxgate magnetometers 
for Aditya-L1 mission. The analysis of plasma wave data 
from the earlier missions is ongoing. The installation of 
fi nal CHACE-2 QLD at ISSSDC is planned this year. The 
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development and successful operation of the software 
pipeline for archival of CHACE-2 data in PDS4 is aimed 
to be accomplished by end of this year. Development 
of algorithms for processing of PAPA data and the 
software pipelines for various ground segment activities 
are required to be accomplished in the coming year. 

Long Term Goals 
Development of plasma wave sensor package that would 

consist of fluxgate, search-coil magnetometers along 
with three-axis electric field sensors and Langmuir Probe 
for future missions. Study of plasma waves in space by 
numerical and theoretical methods. Development of 
plasma analysers for the Mars Orbiter Mission-2. Studies 
on plasma environment of the unmagnetized planets Mars 
and Venus using the data available from the past and 
contemporary missions. Development of Energetic Neutral 
Atom (ENA) sensors.
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Deputation
1. Megha Bhatt; Development and Validation of a maturity-independent algorithm for estimating the lunar iron 

abundance, DAAD scholarship for research stay, Technical University of Dortmund, Dortmund, Germany, October 
16 - December 15, 2017.

2. Govind G. N.; COSPAR Capacity-Building Workshop on “Coronal and Interplanetary Shocks: Analysis of Data from 
SOHO, WIND and e-Callisto”, Department of Physics, Mekelle University, Mekelle, Ethiopia, May 20 - June 01, 
2018.

Invited Talks
R. Satheesh Thampi
1. “Space Plasma Physics”, National Seminar on Global Space Technology (NSGST-17); October 10, 2017; KSR 

College of Arts and Science for Women, Tiruchencode, Tamil Nadu.
2. “Space borne Plasma analysers”, National Seminar on Global Space Technology (NSGST-17); October 10, 2017; 

KSR College of Arts and Science for Women, Tiruchencode, Tamil Nadu.
Megha U. Bhatt
1. “Near-IR spectroscopy on lunar surface”, Technical University of Dortmund, Germany, October 19, 2017. 
2. “Mapping of spectral units in the Moscoviense and Serenitatis basins”, Institute for Planetology, University of 

Münster, Germany; December 01, 2017. 

Public Outreach
Satheesh Thampi
1. Subcommittee member; Space-Expo content generation team and co-ordinator for SPL poster session in the SPACE-

EXPO-2017; S.T. Hindu College, Nagercoil, Tamil Nadu; October 5-8, 2017.

M B Dhanya
1. Member, Functional Committee for Resource Material Generation, World Space Week 2017, VSSC.
2. Member, Functional Committee and Resource Person for Space Expo 2017, World Space Week 2017, VSSC.
3. Lecture & Interaction on “Science Programs of ISRO”, S. T. Hindu College, Nagercoil, Tamil Nadu; October 07, 

2017; The Space Expo associated with the World Space week 2017 Celebrations of VSSC.

Training Programme
M B Dhanya
1. Training on “Data Science, Data Mining, Data Analysis & Big Data”, HRDD, VSSC, 12-13 October, 2017.
2. ISRO Structured Training Programme (STP), “Space Science Programme”, PRL, Ahmedabad, 05-09 March, 2018.
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Atmosphere Technology Division (ATD) focuses on the development of 
satellite, rocket and balloon-borne scientifi c payloads and ground-based 
systems for insitu probing and remote sensing of the Earth’s atmosphere, 
space environment and planetary atmospheres. ATD is also responsible for 
augmentation and maintenance of the ongoing experimental systems, providing 
technical support to the scientifi c activities of SPL and development of common 
technical facilities. It works in close coordination with the scientifi c branches 
of SPL and provides technical expertise for realization of scientifi c ideas. The 
Space Bourne Instrumentation Section (SBIS) provides design, development 
and testing support for the scientifi c payloads of SPL.
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Executive Summary
One of the major accomplishments during the reporting 
period was the development of payloads for Chandrayaan-2 
mission. In this regard ATD was involved in the development 
and delivery of CHACE-2 payload to the Chandrayaan-2 
project, development and test and evaluation of ChaSTE 
payload and development of the RAMBHA-LP payload. 
The ENWi and LP payloads were also developed for 
SOUREX campaign of 2018. Apart from the payload 
developmental activities ATD also contributed to a large 
number of ground based system development activities, 
including: (i) Development of subsystems for Aerosol 
Humidograph Instrument, (ii) Development of Surface 
Ozone (O3) data acquisition system, (iii) Refurbishment 
of Sodar, (iv) Development of CCD based Compact All 
time Airglow Photometer, (v) Installation of Fabry-Perot 
Interferometer (FPI), (vi) Maintenance and subsystem 
developments for ground based Radars for atmospheric 
studies, (vii) Operation and maintenance of the High 
Vacuum Space Simulation Facility (HVSSF), and (viii) 
Mechanical fabrication activities for scientifi c instruments.

Development of Payloads for Planetary 
Missions
CHandra’s Atmospheric Composition 
Explorer -2 (CHACE-2) Payload onboard 
Chandrayaan-2 orbiter

In the pursuit of studying the lunar neutral exosphere, 
the Chandra’s Atmospheric Composition Explorer-2 
(CHACE-2) experiment aboard the Chandrayaan-2 orbiter 
is a sequel to the CHACE experiment aboard the Moon 
Impact Probe (MIP) in Chandrayaan-1 mission. CHACE-2 
will conduct detailed in-situ study of the composition 
in the mass range of 1 to 300 amu and variability of the 
lunar neutral exosphere from circular polar orbit and hence 
cover all latitudes. The CHACE-2 payload is developed at 
Space Physics Laboratory (SPL), VSSC, with participation 
from several other entities of VSSC (AVN, AERO, MEE, 
SR). It derives heritage from CHACE/Chandrayaan-1 
and MENCA/Mars Orbiter Mission. It is superior to the 
CHACE/Chandrayaan-1 instrument not only in terms of 
its capability to sense the heavier species (the presence 
of which at higher latitudes was suggested by CHACE/
Chandrayaan-1), but also in terms of fl exibility to operate 
in diff erent modes as per the scientifi c requirements. Also, 
unlike CHACE and MENCA, the CHACE-2 has 1553B 
interface, which may be used for uploading the onboard 
program, if necessary, through telecommand interface. 
Figure 1 shows the CHACE-2 payload in its fl ight 
confi guration. Table 1 presents the functional specifi cations 
of CHACE-2. Table 2 presents a comparison between the 
required spacecraft resources as projected in the original 
proposal to ADCOS and after the realization of the payload.

Figure 1: The CHACE-2 FM in its fl ight confi guration.

Table-1: Functional specifi cations of CHACE-2

Mass range 1 to 300 amu (programmable with tele-
command), with 0.5 amu mass resolution

Detection 
threshold

~102 (for lighter species) to 103 (for heavier 
species) atoms cm-3  (with a dynamic range 
of 1010); detection threshold is also sensi-
tive to the electron impact ionization cross 
section of a given species

Ionizer Open source, with electron impact ioniza-
tion technique

Sensors Quadrupole Mass Analyser (QMA) for 
relative abundance measurement; Bayard-
Alpert (B/A) gauge for total pressure mea-
surement

Detectors Faraday Cup and Channel Electron Multi-
plier (CEM)

Spacecraft 
interfaces

Power, Telemetry, Telecommand and BDH 
(Mil-Std-1553B)

Table-2: Spacecraft resource requirements: projected versus 
realized

Projected in 
the original 
proposal

Realized

Payload mass 4.5 kg 
(CHACE-2 
plus DC-DC 
converter)

3.73 kg
(3.22 kg for CHACE-2 
and 0.51 kg for the DC-
DC converter)

Raw power 
(assuming 
70% effi  ciency 
of the DC-DC 
converter)

39 W 33 W

Data rate 32 kbps <20 kbps (depends on 
the mode of operation)

CHACE-2 is calibrated for total pressure, relative 
transmission effi  ciencies of the ions through the QMA, 
relative detection effi  ciencies at the detector and the 
linearity of mass.  Thorough characterization experiments 
were conducted to study the system noise and its variation 
with the mass scan rate. The ion optics of the sensor is 
characterized with respect to its focus voltage. Extensive 
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experiments were conducted on the CEM detector and 
the optimum bias voltage for the maximum Signal-to-
Noise Ratio (SNR) was experimentally obtained. The 
characterization and calibration results were documented 
and reviewed extensively. Figure 2 presents the 
Quadrupole Mass Discrimination factor (inverse of the 
relative transmission effi  ciency of the ions with respect to 
N2 gas through the QMA) of the CHACE-2 FM. Due to the 
trapping by the fringing electric fi elds at the termination of 
the QMA and subsequent transmission delay, the heavier 
species have lesser transmission effi  ciency (higher QMD 
factor) than the lighter ones. The QMD correction factor 
is applied on the raw spectra in order to compensate the 
diff erential transmission effi  ciencies and obtain the correct 
relative abundances. The QMD curve is obtained by 
comparing the experimental and theoretical fractionation 
/ double ionization ratios of H2O, N2, Ar and Xe gases, 
which are confi rmed with the spectrum of the reference 
material Per Fluoro Tri Butyl Amine (PFTBA).

Figure 2: The Quadrupole Mass Discrimination factor of the 
CHACE-2 QMA as a function of the mass-to-charge ratio of the ions.

Onboard Hardware: Onboard System 
for CHACE-2 Operation Telecommand-
Telemetry (OSCOT)
OSCOT Card development
Development and testing of the OSCOT card has been 
successfully accomplished in the CHACE-2 QM and FM. 
The OSCOT is a FPGA based system which incorporates 
all the necessary circuits for controlling and interfacing the 
mass spectrometer sensor with various spacecraft systems 
like, baseband data handling (BDH), digital telemetry (TM) 
and telecommands (TC) through Mil-Std-1553B interface, 
analog telemetry channels and pulsed telecommands.
FPGA coding for the QM and FM of OSCOT card
The FPGA code for OSCOT card incorporates independent 
and simultaneous functions of the onboard electronics. The 
FPGA code supports four major functions of the onboard 
software: mass spectrometer control and data acquisition 
for science data, processing and transfer of science data 
to the spacecraft, handling and processing of telemetry 

and decoding and execution of telecommands. It also 
supports reloading and downloading of the entire onboard 
program from ground, in patches and bulk, through 
telecommands. This state of the art feature also has been 
implemented and tested. The major modules of the FPGA 
code are Microprocessor, Block RAM, Interrupt controller, 
SPI protocol, UART protocol, Timer, Chip select logic, 
Bus Arbiter, 16/8 bit interface logic and Mil-Std-1553B 
interface controller.
Programming the Mil-Std-1553 controller interface
The Mil-Std-1553B controller in the OSCOT card is used 
to interface the payload with the spacecraft.  The controller 
need to be programmed for meeting all the interface 
requirements of the payload, with respect to telemetry, 
telecommand and science data transfer to the solid state 
recorder of the spacecraft. The Mil-Std-1553B controller 
was successfully confi gured and programmed based on the 
payload and spacecraft interface requirements.

Onboard Software: CHACE-2 Integrated 
Software for Data Acquisition, Telemetry and 
Telcommand (CISDAT)
The CISDAT software residing in the onboard memory 
(PROM) controls all the operations of CHACE-2. The 
software has been developed in assembly language for 
8051s microcontroller IP core embedded in Microsemi 
FPGA (RTAX-2000S). Two major tasks of the software are: 
mass spectrometer (PCCU) interface for initialization and 
data acquisition in a series of packets and Mil-std-1553B 
spacecraft interface for BDH data transfer, telecommand 
reception and telemetry generation.

Criticalities involved in the development of software 
are: (i) simultaneous and independent handling of mass 
spectrometer and Mil-std-1553B interfaces (BDH, 
TC and TM), (ii) reception and execution of about 75 
telecommands and, (iii) upload and download of full or 
patch of the onboard program. The software along with 
all the necessary documents has been reviewed in detail 
and approved by a software review committee of VSSC. 
Context level diagram of the CHACE-2 onboard software 
is given in Figure 3.

Figure 3: Context level diagram of the CHACE-2 onboard software.

Payload Checkout System
The checkout system for CHACE-2 payload has been 
developed by confi guring a PXIe based hardware with 1553 
card for the science data, digital telemetry and software 
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data telecommand interfaces and an 16 channel analog card 
for the analog telemetry as well as pulsed telecommand 
interfaces. Each of these functions are performed according 
to the interface standards specified by the spacecraft and 
follow a precise time pattern for the data transfer. Based 
on these, the control software is developed in LabVIEW 
platform and consists of the following major functions:
• Science (BDH) data acquisition: The science data 

is acquired by the checkout system through the 1553 
interface, based on the state of a data flag, which is set 
whenever 1KB of data is acquired onboard. The checkout 
software continuously polls for the data flag at an interval 
of 64 msecs.

• Science data processing: The science data is received 
in packets of 1 KB with header. A module has been 
developed to stitch the 1 KB data packets to form one 
full scan, save in different data files for each scan, convert 
to scientific values and also plot the raw data online.

• Telecommand interface: The TC interface also uses the 
same 1553 hardware, but in an asynchronous manner. 
The command words to change the mode of operation of 
the payload are sent as telecommands.

• EEPROM Program upload: Through software 
telecommands, it is possible to upload and verify program 
patches of the onboard control software of CHACE-2 
payload. A separate module has been developed to read 
the HEX data to be uploaded from a file and send it in 
the format required by the onboard system. The data 
downloaded from the EEPROM in the download mode is 
sent through the 1553 interface and saved in a different file.

• Digital telemetry data acquisition and display: The 
digital TM data representing the HK parameters of the 
onboard electronics is acquired continuously through the 
same 1553 interface, without interrupting the science data 
acquisition. Eleven data words are received at a rate of 0.5 
Hz (2 secs) and are decoded, saved and displayed online.

• Analog Telemetry data acquisition and display: 
Similar to the digital TM signals, the analog TM data 
also represent the HK of the onboard electronics and is 

acquired using a PXIe based 16 channel multifunction 
DAQ card. All the six analog channels are sampled at 
a rate of 0.032 Hz (32 secs), converted to engineering 
values, saved and displayed online.

• Pulsed TC generation: The pulsed telecommands 
required to reset the onboard system (OSCOT) of 
CHACE-2 payload and to switch ON and OFF the DC-
DC converter are generated and are interfaced to the 
onboard system.

The checkout system was reviewed by the Test and 
Evaluation (T&E) committee and was extensively used 
for all the designer level tests as well as the T&E of the 
CHACE-2 FM. Figure 4 shows the front panel of the 
checkout software.

Payload Delivery and Other Related Activities
CHACE-2 FM has undergone all the mandatory tests 
conducted by QDTE/SR/VSSC, as per the Chandrayaan-2 
orbiter Environmental Test Level Specification (ETLS). 
The flight model (FM) of the payload was delivered to the 
Chandrayaan-2 project team on 07 January, 2018 and was 
integrated with the spacecraft. The Integrated Spacecraft 
Tests (IST) on the CHACE-2 FM were successfully 
completed. In addition to the above tests, a thermal test 
was conducted at QDVF/SR/VSSC on the QM to validate 
the thermal design of the payload. The E2PROM program 
upload capability was demonstrated at the IST level at 
ISITE, Bangalore.
Experiment on outgassing from the mass 
spectrometer sensor
An experiment was performed at a pressure level of ~ 
3.5 (±0.5) ×10-8 Torr to study the variation in outgassing 
from the mass spectrometer sensor that simulated the in-
orbit operation sessions of the CHACE-2 payload. The 
sensor probe, which is identical to that of CHACE-2, 
was switched ON for several sessions, each of two hours 
duration. The total pressure in the chamber was monitored 
with an external ionization gauge. Before starting each 

Figure 4: Front panel of checkout software: Mass Sweep mode of payload operation
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operation, the total pressure in the vacuum chamber was 
ensured to be in the range of 3.5 (±0.5) ×10-8 Torr. The 
total pressure in the chamber was observed to rise each 
time when the sensor is switched ON. Figure 5 presents 
the total pressure signatures during each operation session. 
It is observed that the stabilized total pressure during 
the operation of the sensors reduced from operation to 
operation, thereby cleaning the sensor probe. Figure 
6 presents the variation of the stabilized total pressure 
around the sensor as a function of the cumulative operation 
time. The variation of the stabilized total pressure around 
the sensor with cumulative operation time is fi tted with 
an exponential, the time constant of which is found to be 
~3.7 (±0.5) hours. This represents the background level of 
the stand-alone sensor, and hence the lower limit of the 
outgassing expected to be observed in-orbit. In space, there 
will be outgassing from the spacecraft subsystems as well. 
The results of this experiment provide an assessment of 
the cleanliness of the sensor from operation to operation in 
space. It also provides a lower limit of the outgassing level 
to be expected during the in-orbit operations.

Figure 5: Variation of the total pressure measured around the mass 
spectrometer sensor with time during diff erent sessions of operation.

Figure 6: Variation of the background pressure around the mass spec-
trometer sensor as a function of the cumulative hours of operation.

Characterization of the outgassing from 
the hot cathode fi lament
The outgassing from the sensor of a mass spectrometer 
is contributed by thermal desorption of volatiles from the 
adsorption sites of the sensor wall, as well as by the gases 

generated by the reactions in the hot cathode fi lament. While 
the process of thermal desorption is relatively straightforward, 
which requires the adsorbed atoms to gather suffi  cient thermal 
energy to overcome the Van der Waals potential wells at 
the adsorption sites, the process of outgassing from the hot 
cathode fi lament is more complex because of the chemical 
reactions involved. The fi lament reactions include thermal 
dissociation of the gases at the hot cathode (temperature 
attained by thoriated iridium hot cathode fi lament is ~ 2000 
K), and combination of gas atoms with the fi lament material. 
While the thermally desorbed volatiles (including H2O and 
its dissociation products, and the lighter atoms) are detected 
in a turbomolecular pump based vacuum chamber because of 
their relatively slower pump-down rate, the heavier molecules 
generated as a result of the fi lament reactions are pumped 
down at faster rate and not easily amenable for detection. 
Hence, in order to characterize the outgassing due to the 
gases generated by the fi lament reactions, a gate valve was 
introduced to isolate the pump from the sensor. The gate valve 
was closed once the stabilized chamber pressure of ~3×10-8 
Torr was attained; each time for 2 to 4 minutes, for a total 
of seven occasions over a span of 21 days. Figure 7 presents 
the variation of the chamber pressure with time when the 
gate valve was closed in order to isolate the turbo molecular 
pump from the sensor. It is observed that while the gate valve 
was closed, the chamber pressure increased by several orders 
within ~ 2 minutes, initially as large as 104, which reduced 
with cumulative operation of the fi lament. The observed mass 
spectrum shows that the major species that are outgassed from 
the fi lament are Carbon Monoxide (CO), Carbon Dioxide 
(CO2), Carbon (C) and Oxygen (O). The oxygen-bearing 
molecules thermally dissociate to atomic oxygen, which 
further reacts with the fi lament. The carbon impurities due 
to the burning of the fi lament, when react with the oxygen 
atoms, yield CO and CO2.  A fraction of the CO2 molecules 
further dissociate to C, O and CO.

Figure 7: Variation of chamber pressure after closing the gate valve.

It is observed that the outgassing from the sensor and the 
fi lament increases the chamber pressure by large factors, 
which decrease with the cumulative time of operations. 
The composition of the fi lament reaction products vary 
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with time. For example, while amu 28 (CO) still remains 
to be the dominant filament reaction gas product even after 
500 hours of continuous operation, the partial pressure of 
amu 16 (atomic oxygen) reduces with time, which may 
be attributed to the reactive nature of atomic oxygen. 
The results of this experiment also provide an insight to 
the challenges involved in designing a vacuum-sealed 
encapsulation for space-borne mass spectrometers, to be 
used for sounding rocket and satellites.  Suitable getter 
pumps need to be designed to effectively adsorb the gases 
generated out of the operation of the sensor and maintain 
a prescribed level of vacuum inside the encapsulation for 
sensor stabilization and in-flight calibration purposes, 
before it is broken out with pyrotechnic devices.

ChaSTE Payload onboard Chandrayaan-2 
Lander
Chandra’s Surface Thermophysical Experiment (ChaSTE) 
is one of the payloads on Chandrayaan-2 Lander. ChaSTE 
is being developed by Space Physics Laboratory (SPL) 
in collaboration with various entities of VSSC (MVIT, 
PCM, STR, AERO, PRSO, SR, AVN) and the Physical 
Research Laboratory (PRL) Ahmedabad. The objective of 
the experiment is in-situ investigation of thermal behaviour 
of the top 100 mm of the lunar surface by deploying a 
thermal probe. The probe consists of 10 temperature sensors 
(RTDs) which are mounted at different locations along the 
length of the probe. A heater is also attached to the probe 
for thermal conductivity measurements. Besides the thermal 
probe, the payload consists of an electronics module for 
signal conditioning, control and payload interfacing and a 
deployment mechanism for inserting the probe into the lunar 
regolith.

Onboard Electronics Hardware
Design of the onboard electronics has been completed 
and the QM and FM modules were developed. Test and 
evaluation of the QM model of the onboard electronics 
has been completed. The electronics hardware has two 
parts, processing electronics and front-end electronics. 
The processing electronics was developed by SPL and 
the front-end electronics by PRL, Ahmedabad. The 
processing electronics is for power ON and OFF interface, 
deployment motor (BLDC) drive for probe deployment, 
penetration motor (BLDC) drive for probe insertion into 
lunar soil, acquisition of digitized sensor data from front-
end electronics card, data (BDH) transfer to Chandrayaan-2 
Lander using serial CMOS interface, probe heater drive for 
lunar soil thermal conductivity measurement, execution of 
telecommands and generation of telemetry. The front-end 
electronics is for signal conditioning and digitization of 
analog signals of the sensors.

The payload electronics has been extensively used for 
qualification of the payload mechanism and thermal probe. 
These tests include deployment, operation at different 
angles, and penetration at different load conditions, thermo-

vacuum qualification and sensor calibration. The electronics 
has also been used to qualify BLDC motors of the payload 
mechanism independently for EMI/EMC, load and speed 
tests. Figure 8 shows the integrated test of the onboard 
electronics with Mechanism and Thermal Probe (QM)

Figure 8: ChaSTE QM electronics integrated test with mechanism 
and thermal probe.

Onboard Software
The onboard software required for the operation of ChaSTE 
payload has been developed in assembly language of the 
microcontroller 80C32E. The software is stored in PROM. 
It performs the functions of driving the BLDC motors 
for probe deployment and probe penetration, acquiring 
sensors data and interfacing with spacecraft for telemetry, 
telecommand and data transfer operations. The most critical 
aspect of the software is the precise probe deployment and 
penetration operations. Figure 9 shows the context level 
diagram of the ChaSTE onboard software. The software 
along with all the necessary documents has been reviewed 
and approved by a Software Review Committee of VSSC.

Figure 9: Context level diagram of the ChaSTE onboard software.

Payload Checkout System
The checkout system hardware for ChaSTE payload 
has been developed using PIC microcontrollers and the 
software has been developed in Visual Basic. The PIC 
microcontroller based checkout hardware is designed to 
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suit the full scientifi c requirements and it simulates all the 
three electrical interfaces viz. TC, TM and BDH interfaces 
of the onboard system to the Chandrayaan-2 Lander. The 
checkout software along with the checkout hardware is to 
test the functional requirements and spacecraft interfaces 
of the onboard electronics. The major tasks of the checkout 
software for ChaSTE payload are initiation of diff erent 
TC codes for the designated operations of the payload, 
acquisition and display of the TM and the science (BDH) 
data and the archival of data in proper format. The GUI 
of the software contains sub-panels for the display of 
TC, TM and BDH channels (Figure 10). The BDH panel 
displays the science data in graphical as well as tabular 
formats after converting into engineering units. The TM 
data are displayed in tabular format in the respective panel. 
Also provision is given to acquire and save the redundant 
BDH channel data. Both the hardware and software of the 
checkout system were reviewed by the T&E committee and 
were extensively used for testing the payload sensor, probe 
deployment mechanism, onboard electronics functionality 
checks, as well as the T&E of ChaSTE QM.

Test and Evaluation of the Payload
The Test and Evaluation of the QM of the payload electronics 
and mechanism has been successfully completed. During 
the T&E, the payload has undergone initial Standard Room 
Condition (SRC), EMI/EMC, thermal soak (cold and hot), 
vibration, thermo-vacuum and fi nal SRC tests.

RAMBHA-LP Payload onboard 
Chandrayaan-2 Lander
RAMBHA-LP payload onboard Chandrayaan-2 Lander is 
aimed at insitu measurements of ambient electron and ion 
densities and their temperatures.

Onboard Hardware: RAMBHA-LP 
Onboard Controller (ROC)
Development of the Engineering Model (EM) of the 
RAMBHA-LP Onboard Controller (ROC) has been 

completed. The EM model of the ROC has been tested 
for the payload and spacecraft interface requirements. The 
design of ROC is based on a space qualifi ed DSP which 
has the heritage of being fl own in MENCA payload aboard 
Mars Orbiter Mission.  The ROC is designed to measure 
low currents from 25 pA to 25 µA (dynamic range of 6 
orders).  It incorporates a two-channel 24bit bipolar ADC 
with Programmable Gain of 1 to 64 to meet the large 
dynamic range.  It incorporates a 12bit DAC for biasing 
the Langmuir Probe from -14V to +14V, with a minimum 
step size of 0.05V.  It also incorporates a front end gain 
selection through feedback resistors of 49.9K, 1M, 20M 
and 100M. The QM and FM models are being realized.

Figure 11: RAMBHA-LP payload electronics undergoing 
Spacecraft Interface test (lab tests) with Lander systems at ISAC

Onboard Software: RAMBHA-LP Onboard 
Software for Data acquisition, Telecommand 
and Telemetry (ROSDAT)
The ROSDAT software for the DSP was developed in 
assembly language keeping in mind the stringent scientifi c 
requirements. It incorporates all the necessary control and 
data acquisition features as well as the essential TM, TC and 
BDH interfaces with the spacecraft. This software controls 
the generation of steady as well as Ramp Up/Down bias 
voltages, multi-channel data acquisition corresponding to 
the Langmuir Probe current and the complete interface 

Figure 10: Front panel of the Checkout software of ChaSTE Payload.
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requirements with the spacecraft for TM, TC and BDH.  
The system also incorporates Telecommand based selection 
of front end gain resistors, Programmable Gain, sampling 
rate, Ramp step voltage and Ramp dwell time.

Payload Checkout System
The checkout hardware for RAMBHA-LP makes use of an 
Arduino based system for the science data interface, and 
FPGA based board to send the telecommands to onboard and 
an analog DAQ card for analog TM monitoring. A LabVIEW 
based software was developed to acquire, process, display 
and save both the raw data and processed science data from 
the payload. The data is simultaneously acquired for both 
main and redundant data channels at a rate of 512 kbps and 
are saved with proper identification separately in two different 
files. This is also separated into different sweeps, processed 
online and plotted continuously. A set of 9 analog telemetry 
channels are configured in the checkout system, which uses 
a 16 channel multifunction DAQ hardware. The software 
telecommands to the payload are sent from the LabVIEW 
program, through the PC serial port, which is formatted to 
the onboard format using a simple FPGA hardware. Figure 
12 shows the front panel of the checkout software.

Development of Payloads for  
Sounding Rockets
SOUREX (Sounding Rocket EXperiment)
The Electron density and Neutral Wind (ENWi) and 
Langmuir Probe (LP) payloads were flown in the Rohini 
Sounding Rocket (RH 300 MkII) on 6 April 2018, as part 
of the Sounding Rocket Experiment (SOUREX) campaign. 
The first phase of the experiment involved launch of the 
scientific payloads aboard for E region studies, with insitu 
measurement of the electron density and neutral winds 

in the dynamo region. The ENWi-LP electronics housed 
as a single unit interfaces with the sensor probe converts 
the acquired data into equivalent analog voltages and 
interfaces with the rocket telemetry, where it is sampled at 
a predefined sampling rate. The data from the three sets of 
probes are sent as 15 analog data channels and 4 telemetry 
House Keeping (HK) channels. The payload electronics 
is characterized in lab by detailed functional tests using 
standard low current source as input. The analog data is 
acquired using the in-house developed LabVIEW based 
checkout system with a multichannel USB DAQ card. The 
payload had been qualified by environmental GATE tests 
specified for the rocket payloads before integration with 
the vehicle. Figure 13 shows the ENWi, LP probes and the 
associated electronics module.

Figure 13: ENWi-LP payload components flown on RH 300 MKII

Development of Ground based Systems 
for Various Scientific Activities
Development of Aerosol Humidograph 
Instrument (AHI)
Aerosol Humidograph Instrument (AHI) is an instrument 
conceptualized to provide an experimental facility for 
studying hygroscopic properties of aerosols. The AHI is 

Figure 12: Front panel of checkout system of RAMBHA-LP payload

100



being developed for quantifying the infl uence of RH on 
aerosol optical properties which is part of the studies on 
aerosol-radiation interaction and its climate implications. The 
sub modules and the control and data acquisition software are 
being developed.

Development of controller unit for motorized ball 
valves of AHI
The AHI employs motorized ball valves to switch the air 
fl ow between the dryer module and the extender unit. A 
controller module is developed for driving the ball valves as 
per the operational sequence of the AHI. The block diagram 
of the ball valve controller is shown in Figure 14. The heart 
of the system is a microcontroller (MCU) which accepts the 
commands from the PC and controls the valve operation. 
There are two ball valves attached to the controller. The valve 
actuators (DC motor) are driven using electromechanical 
relays. The microcontroller is interfaced to PC serial port 
(RS232) using a level converter. The power supply module 
translates the AC mains voltage into +24V DC and +5V DC as 
required by the motors and the microcontroller respectively.

The ball valve actuator is a DC motor which rotates in 
clockwise (CW) direction to turn ON and OFF the valves. 
The motor rotates the valves in steps of 90° and stops after 
each quarter turn by sensing the status of the limit switches 
attached to the motor shaft mechanism. This makes the ball 
valve OPEN and CLOSE alternatively. The microcontroller 
reads the command from the PC and operates the relays 
to actuate the valves. The actuation can be monitored and 
stopped by sensing the status lines. The switchover takes 
around 5 seconds. After executing the commands, the 
microcontroller updates the PC with latest status of both the 
valves. Figure 15 shows the ball valve controller hardware.

Figure14: Block diagram of ball valve controller.

Figure15: Ball valve controller hardware.

Development of Surface Ozone (O3) 
Data Acquisition System
An automatic data acquisition software has been developed 
using LabVIEW for the UV photometric O3 analyzer, 
which is being used for the precise measurements of near-
surface ozone.The acquisition delay is programmable 
and the GUI software is capable of saving and archiving 
the data automatically. Currently the system is tested and 
installed in Dehradun.

Renovation of Phased Array Doppler Sodar 
System at TERLS
The performance of the Phased Array Doppler Sodar (1700-
2500 Hz) had noticeably decreased in recent years. Hence, 
the system has been renovated fully by replacing the faulty 
electronics cards and introducing noise attenuator foams. 
The system was integrated and is being operated since 
August 2017.The system showed signifi cant improvement 
in signal characteristics in the lower boundary layer, which 
are comparable to the signal levels received after its initial 
installation several years before. The refurbished Sodar 
system (antenna and refl ector) is shown in Figure 16.

Figure 16: Sodar antenna and refl ector system

Development of RS422 to RS232 Converter 
for Sonic Anemometer
Fast response sonic anemometer provides continuous 
instantaneous measurements of temperature and wind 
components at a rate of 25 Hz. The instrument is mounted at 
two levels (11.3m and 22.6m levels) in the meteorological 
tower, which is at a distance of ~ 100m from the laboratory. 
A RS422 to RS232 converter has been developed for 
this long distance communication. It protects equipment 
from damage due to power surges and lightning and has 
extended the communication distance from the sensor to 
the PC-based data acquisition system.
Development of CCD based Compact All 
time Airglow Photometer (CAP)
Compact Airglow photometer (CAP) is a unique optical re-
mote sensing instrument, capable of making measurements 
of airglow emissions from the ionosphere during day as 
well as night time. The system mainly consists of an iris 
for fi eld of view control, fi lter wheel capable of holding 
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five 50mm filters, bearing and timing belt pulley assembly 
for controlling the rotation of the filter wheel in fine steps, 
PMT holder and a stand. The instrument uses a low resolu-
tion Fabry-Perot Etalon as disperser and a low resolution 
CCD as detector. The spectral band width of the system is 
~400 nm-800 nm. Narrow band interference filters corre-
sponding to different airglow emissions within this spectral 
region have been used for the wavelength selection. The 
field of view of the system can be varied from 1o to 17o by 
adjusting the fore optics, which consists of an iris aperture, 
front end lens and a collimating lens. The CAP system with 
multiple filters (5 Nos) has been developed (Figure 17).

Figure 17: CAP with control receiver and a screenshot of data 
acquisition and control software

Ground based Radars for  
Atmospheric Studies
Augmentation of HF Radar
As a part of the augmentation of HF radar system, an 8 kW 
Solid State RF power Amplifier (SSPA) with driver and 
associated sections of RF power coupler, circulator and 
remote health status monitoring system has been designed 
and developed indigenously. The 8 kW SSPA using four 
numbers of BLF188XR Laterally Diffused Metal Oxide 
Semiconductor (LDMOS) transistors and the combination 
of lumped element based Wilkinson Type 2-Way power 
combiners/dividers to get a final output of 8 kW from 
a 60 V DC supply are shown in Figure 18 along with 
its architecture. A 4-stage Driver circuit with Motorola 
RF transistor 2N3866 of 1 W as the first stage, BLF571 
Ampleon RF transistor of 20 W as the second stage, 
BLF573 Ampleon RF transistor of 300 W as the third and 
a lumped element Wilkinson type 3-way power divider in 
the final stage are shown in Figure 19. For the high RF 
power measurement of the 8 kW output, a toroid based 
RF power coupler made of RG213 co-axial cable is also 
shown. The 8 KW SSPA has been tested in the laboratory. 
The field testing of the system is being carried out. A remote 
health status monitoring system has also been designed, 
developed and tested using PIC18F87J60 microcontroller 

with built in Ethernet 802.3 protocol. LM35 temperature 
sensor is used for monitoring the surface temperature of 
each LDMOS transistor. Voltage divider method is used for 
the supply voltage monitoring. For the future augmentation 
of 8kW SSPA to 8 kW T/R module, a lumped element 
based circulator at 18.1 MHz was designed and developed 
with 2 kW RF peak power.

Figure 18: Populated View of 8 kW SSPA (Top), Architecture of 8 
kW SSPA (Bottom)

Figure 19: Driver Amplifier of 8 kW SSPA (Top), RF Power 
Coupler of 8 kW SSPA (Bottom)

Development of PIN Diode based Electronic 
Beam Switching System
A new electronic beam switching system has been 
developed for the HF Radar. The beam switching system 
for electronically steerable phased array antenna has been 
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developed to replace the old RF relay based beam switching 
system. It has been tested and implemented in the HF radar 
system. The system consists of electronic beam steering, 
PIN diode switching driver and switched PIN diode line 
phase shifter. The block diagram and the hardware of the 
PIN diode based electronic beam switching system is 
shown in Figure 20 and a sample output spectrum is shown 
in Figure 21.

Figure 20: (Top) Block diagram of the PIN diode based electronic 
beam switching system, (bottom) Integrated hardware of 
electronic beam switching system.

Figure 21: Sample output spectrum of HF Radar

Development of Transmit- Receive switch driver 
for HF RADAR
A transceiver (TR) switch has been developed for the 18 
MHz HF radarwith transmitter peak power of 50 kW. The 
switch is very compact and can handle a peak power of 
50 kW and an average power level up to 1.2 kW. The TR 
switch is a conventional TR/ATR design with equivalent 
λ/4 transmission line sections constructed of lumped 
constant coils and transmitting capacitors in ‘Tee’ sections. 
Two TR sections are placed in series to achieve adequate 
receiver protection. The switch is set into the ‘transmit’ 

mode by forward biasing the 3 pin diodes to about 1.2 A 
each. The receive mode is achieved by reverse biasing the 
diodes to -15 volts.

Maintenance of Meteor Wind Radar
The Meteor Wind Radar is a custom designed complex 
radar system for detection of meteor trails and retrieving 
winds in the upper atmospheric (80-100 km) region. The 
radar had technical problems due to lightning in December 
2015. Inspection of the system showed that a DDS and 
a transmitter control and monitor card (TCMC) was not 
working properly. With the help of the manufacturer, 
the required components were replaced in the receiver, 
transmitter and data acquisition systems. TCMC card 
in one transmitter system was rectifi ed with available 
components. In the data acquisition system, “transmitter 
control module” and “sequencer module” were replaced 
with spares. Faulty cables were also replaced. Now the 
radar is transmitting with one transmitter subsystem at 
20 KW power connected to two diagonally positioned 
antennae (out of four antennae) with 40KW of power.

Operation and Maintenance of the 
High Vacuum Space Simulation 
Facility (HVSSF)
The HVSSF of SPL is being maintained and augmented with 
sub-systems for the development, testing and calibration 
of scientifi c payloads. This includes the activities such as 
the testing and characterization of ion and electron sources 
required for generating plasma environment inside the 
High Vacuum Chamber (HVC). Highly sensitive plasma 
detectors like Faraday Cup, Micro Channel Plate (MCP) 
and Channel Electron Multipliers (CEM) are being tested 
and calibrated in this facility. The CHACE-2 payload 
onboard Chandrayaan-2 has been tested extensively in 
HVSSF.

Testing of Channel Electron Multiplier 
(CEM) detector

The CEM detectors to be used in the PAPA payload for 
Aditya-L1 mission have been tested. Figure 22 shows the 
assembly of CEM detector inside the HVC. The detector 
was biased to 2.2 kV to obtain the pulse output and the 
test procedure is as follows. (i) During testing, the vacuum 
level in the chamber was maintained in the order of 5 × 10−7 
mbar. (ii) The ion source controller unit was set for diff erent 
source parameters like beam energy, fi lament current, 
emission potential, beam current during the operation and 
the number of particles detected by the CEM were counted 
by the counter and recorded for further analysis.

Beam Imaging using Phosphor Screen
An Ultra-high vacuum compatible phosphor screen is a 
new addition to HVSSF. The ion or electron beam which is 
fi red from the electron or ion source has been imaged using 

A
T
D

103SPL Annual Report: 2017-18



the phosphor screen. This is required for characterizing the 
electron and ion sources, which are used for testing the 
plasma detectors. Figure 23 shows the photograph of the 
phosphor screen mounted inside the HVC.

Figure 23: Phosphor screen mounted inside High Vacuum 
Chamber.

Development of Automation Software
As part of full remote operation and control of the electronic 
subsystems, LabVIEW based applications were developed 
for the automated remote operation of vacuum compatible 
stepper motor.

CEM/MCP detector Test/Characterization Software
High voltage power supply, electron gun and counter have 
to be operated in the specified sequence for the testing 
and characterizing the MCP/CEM detectors. The newly 
developed characterization software can communicate to 
these devices simultaneously and has the following features: 
(i) Complete configuration and monitoring of all the 
parameters of high voltage power supply, electron gun and 
counter through the software. (ii) Fixed and variable modes 
of operation of high voltage power supply and electron gun. 
(iii) Monitoring and logging the counter output reading.
Vacuum Level monitoring software for Vacuum 
Storage System and 40 cm class Chamber
Vacuum level of the vacuum storage system and the 40 
cm class chamber is monitored in PC using this software. 
The PC is connected to the vacuum gauge controllers 
through RS-232 port and software can log the reading at 

the specified time interval set in the software.

Testing of Meteor Smoke Particle (MSP) 
Detector of VIT University, Vellore
HVSSF has been used for testing the MSP detector. A 
team of students and faculty from VIT University was 
also involved in the testing and calibration of Faraday Cup 
detector, xenon flash lamp and a signal conditioning circuit 
developed by them. The following tests were carried out: 
(i) Testing of Faraday cup detector with and without grid 
using low energy electron gun. (ii) Testing the Xenon flash 
lamp and providing necessary harness to the power supply. 
(iii) Testing the I-V converter signal conditioning circuit 
using a pico-ammeter source meter.

Mechanical Engineering Activities
Support to ICARB 2018 Cruise
As a part of integrated campaign for Aerosols, Gases 
and Radiation Budget (ICARB-2018) experiments, the 
following tasks have been completed successfully for 
the smooth operation of the optical instruments. Optical 
mounts and fixtures for the Day and Night-time Photometer 
have been fabricated and a periscopic mirror assembly has 
been realized for collecting the light from sky through the 
window of the ship. An aluminium window of 800x550 mm 
with an adjustable opening of 75 mm diameter has been 
fabricated with necessary rubber packing for its mounting. 
A temperature controlled Lidar housing and isokinetic 
aerosol inlet systems were designed and fabricated in-
house, based on the scientific requirements and were 
installed on the ship. Temperature controlled Lidar housing 
(600x700x1200mm) for the continuous outdoor operation 
of the Micro Pulse Lidar on the ship (top deck) during 
the experiment was also developed. This housing has two 
chambers, one for Lidar and another for control box. In 
order to avoid the vibration on the portable air conditioner 
(AC) on the Lidar system, the AC unit was kept outside 
the Lidar housing and was connected with a thermally 
isolated duct having rubber cushion. An isokinetic aerosol 
inlet system was designed for sampling ambient air inside 
the laboratory using stainless steel pipes (40mm and 
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Figure 22: Assembly of CEM detector inside the High Vacuum Chamber (HVC)
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15mm diameter). Each inlet system can support 4 aerosol 
instruments. Window sheets and supporting fi xtures for the 
aerosol inlet were fabricated in-house. Rubber beading was 
provided for all the 4 window sheets to avoid water leaking 
inside the laboratory in case of rain events. The isokinetic 
aerosol inlet fi nal assembly is shown in Figure 24.

Figure 24: Isokinetic aerosol inlet

Heat sink for the 8 KW SSPA
Heat sink for the 8 KW SSPA was fabricated with alumini-
um alloy (300x290x25mm) (Fig. 25). The design incorpo-
rates cooling fi ns in the aluminium alloy plate to increase 
the surface area. The surface area of the heat sink increased 
from 1165 sq.cm to 2339 sq.cm. This way water cooling 
was replaced by forced air cooling. An EMI protection 

cover for 8 kW SSPA was also designed and fabricated 
from a solid aluminium alloy block (320x310x100mm).

  
Figure 25: EMI protection Cover for 8 kW SSPA (Left), Heat Sink 
of 8 kW SSPA (Right)

Installation of Fabry-Perot Interferometer (FPI)
For the installation of the Fabry-Perot Interferometer 
(FPI) at Optical Aeronomy Laboratory, several fi xtures 
and precision components have been made in-house.  The 
pointing head of the FPI was fi xed at the roof top and the 
necessary mounts for aligning the FPI in an optical bench 
was made. A darkroom was also setup for the same.

Mounting of 2-meter Scanning Monochromator
The necessary optical mounts and fi xtures for mounting 
interference fi lters in the entrance slit of a 2-meter scanning 
monochromator at Optical Aeronomy Laboratory were 
fabricated.

Future Projections
• Realization and delivery of QM and FM of ChaSTE – Chandrayaan-2 lander (Integration of electronics with QM/FM 

of Deployment mechanism).
• Realization and delivery of RAMBHA- LP QM and FM – Chandrayaan-2 lander.
• Investigations on the lunar atmosphere using CHACE-2 observations.
• Development of payloads for the future PSLV missions (extended orbits).
• Experimental exploration of the composition of Mars using future Mars mission.
• Experimental exploration of Venus using orbiter and balloon borne experiments.
• Development, testing and qualifi cation of ENWi and EACE payloads for SOUREX – RH560.
• Aerosol Humidograph Instrument: Remaining electronics modules, system integration, and testing.
• Maintenance of Network of stations: ARFINET & INSWIM.
• Solar occultation experiment: Development of prototype.
• Augmentation and maintenance of HF and PR radars.
• Regular operation and maintenance of the existing experimental systems.

Technical Reports
1. TirthaPratim Das, CHACE-2 consolidated action closeout document, CHACE2-Action Closeout, May 2018.
2. TirthaPratim Das, A Note on the proposed contamination management of CHACE-2 payload aboard Chandrayaan-2 

orbiter, TN-CHACE2-CONT-1, April 2018.
3. TirthaPratim Das, Report on thermal test on CHACE-2 QM; TR-CHACE-2QM-Thermal, April 2018.
4. TirthaPratim Das, CHACE-2 characterization and calibration document, CHACE2-CAL-0, April 2018.
5. TirthaPratim Das, Post delivery report on the CHACE-2 payload, PR-Post-Delivery-CHACE2, February 2018.
6. TirthaPratim Das, Smitha Thampi and CHACE-2 team, Critical Design Review (CDR) document: CHACE-2 

payload: Chandrayaan-2 mission, CHACE2-CDR-01, January 2018.
7. TirthaPratim Das, Smitha Thampi and CHACE-2 team, Confi guration control document of CHACE-2 payload for 

Chandrayaan-2 mission (CHACE-2 FM CCD), TTCP-S-298, December 2017.
8. TirthaPratim Das, CHACE-2 handling and operation manual, TR-CHACE-2-Manual-1, November 2017.
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9. Pradeepkumar P, Onboard System for CHACE2 Operation and Telecommand (OSCOT), Circuit Review Document. 
Ver. 1.5, April 2017.

10. Pradeepkumar P and Hemalatha M, Mil Std 1553 Interface Control Specifications Document of CHACE-2 onboard 
for Chandrayaan-2 Mission, October 2017.

11. Pradeepkumar P, Sreelatha P and Dinakar Prasad Vajja, Software Requirement Specifications document of CHACE-2 
onboard firmware for Chandrayaan-2 Mission, Version 1.1, September 2017.

12. Pradeepkumar P and Dinakar Prasad Vajja, Software Requirement Specifications document of CHACE-2 onboard 
firmware for Chandrayaan-2 Mission, TR-CHACE-2-SRS_COF-1, October 2017.

13. Dinakar Prasad Vajja, Software Design Description (SDD) for CHACE-2 Onboard Software, TR-SPL-CH2-
CHACE2-SDD, December 2017.

14. Dinakar Prasad Vajja, Pradeepkumar P, and Sreelatha P, Software Design Description (SDD) for CHACE-2 Onboard 
Firmware, Version 1.0, September 2017.

15. Neha Naik and Rosmy John, System Requirements Document of checkout system for CHACE-2 payload, onboard 
Chandrayaan-2, TR: SPL-CHACE-2-SRD-01, December 2017.

16. Neha Naik and Rosmy John, Software Requirements Specifications for CHACE-2 checkout system, TR: SPL-
CHACE-2-SRS-01, December 2017.

17. Neha Naik, Details of TC, TM and BDH interfaces of CHACE-2 payload.
18. Rosmy John and Neha Naik, Procedure for Integrated testing of CHACE-2 payload and Checkout system, TR-

CHACE2-Test-01, December 2017.
19. Pramod PP and Dinakar Prasad Vajja, Software Requirement Specifications (SRS) of Onboard Software of ChaSTE 

Payload on Chandrayaan-2 Lander, Version1.0, Revision 1.0.2, May 2018.
20. Pramod.PP, Software Design Description (SDD) of Onboard Software of ChaSTE Payload on Chandrayaan-2 Lander, 

Version 1.0, Revision .1.0.2, May 2018.
21. Ajeeshkumar PS and Neha Naik, Software requirement specifications for ChaSTE Checkout System, SPL-ChaSTE-

SRS-01, December 2017.
22. Neha Naik and Ajeeshkumar PS, System Requirements Document of Checkout System for ChaSTE Payload onboard 

Chandryaan-2, SPL-ChaSTE-SRD-01, December 2017.
23. Pradeepkumar P and Chayan Dutta, RAMBHA_LP Payload – Electrical Interface Control Document, August 2017.
24. Pradeepkumar P, RAMBHA_LP Payload Onboard Controller Circuit Review Document. Ver 1.3, June 2018.
25. Rosmy John, GATE test plan for ENWi and LP payload, Test Plan: SPL- 01/2018, January 2018.
26. Rosmy John, GATE test results for ENWi and LP payload, Test Report: SPL: SOUREX-1/2018, February 2018.
27. Rosmy John, Electrical and Mechanical Interface Details of SPL Scientific payloads onboard RH300 MK II SOUREX, 

SPL: TR: EID: SOUREX: 01, March 2018.
28. Ajeeshkumar PS, Aditya Vaishya and Sobhan Kumar Kompalli, Development of Controller unit for motorized Ball 

Valves of the Aerosol Humidograph Instrument, ISRO-VSSC-TR-0570-0-17, November 2017.

Presentations in Symposia/Conferences/Workshops
1. TirthaPratim Das, “Study of noble gases in lunar exosphere using the CHACE-MIP observation of Chandrayaan-1”, 

XXXVI Astronomical Society of India 2018 (ASI 2018) symposium, Osmania University, Hyderabad, 05-09 
February, 2018.

Invited Lecture
TirthaPratim Das
1. “Science from MENCA experiment aboard Mars Orbiter Mission”, MOM science meet, ISRO HQ, Bangalore, 24-26 

September, 2017.

Training Programmes
• Ajeeshkumar PS, “Training on C++ Programming”, HRDD, VSSC, 5-7 June, 2017.
• Dinakar Prasad Vajja, Pramod PP and Ajeeshkumar PS, “TI Space Tech Day”, Trivandrum, 20 September, 2017.
• TirthaPratim Das, Structured Training Program (STP) on “Space Technology Applications and inputs for Governance 

& Development”, NRSC, Hyderabad, 04-08 June, 2018.
• TirthaPratim Das, Planetary Data Systems-4 (PDS-4) workshop, ISTRAC, Bangalore, 09-10 May, 2018.
• TirthaPratim Das, India International Science Festival-2017, Anna University, Chennai, 11-15 October, 2017.

106



Offi		ce	and	
Administrative	Support

SPL administra� on facilitates the administra� ve and secretariate requirements for a 
smooth and eff ec� ve func� oning of SPL by providing co-ordina� on, communica� on 
and logis� cs. Besides the general administra� on, offi  ce management and housekeeping 
of SPL, it caters to the necessary offi  cial assistance to diff erent ISRO projects  such 
as  ARFI, ICARB, RAWEX and NOBLE. It co-ordinates and provides logis� c support for 
diff erent na� onal observa� on campigns of SPL. Also SPL administra� on is responsible 
for coordina� ng ac� vi� es within SPL, involving other Divisions, Facili� es of VSSC  and/
or other ISRO centers and diff erent Ins� tu� ons/Universi� es. It meets the administra� ve 
requirements of diff erent payload such as MENCA, CHACE-2, ChaSTE, RAMBHA and PAPA 
development for diff erent ISRO’s space missions.

Research programme facilitated by ISRO fellowship program including research fellowship 
program and research associate program is a major ac� vity of SPL. SPL administra� on 
provides the required assistance in terms of documenta� on, intervening between 
universi� es and organizing PhD Synopsis/Defence, Doctoral Commi� ee mee� ngs, 
student reviews, regular student/faculty seminars and Central Level Monitoring 
Commi� ee mee� ng of VSSC. It also supports for arranging Seminar Talks/Invited Talks in 
SPL by leading scien� sts from India and abroad and arranges necessary logis� cs required 
during their visit and stay.

Team
Suseela	P.	R.	
Geetha	C.	
Shajahan	J.	
Sisira	R.	
Salini	M.	S.	
Shiji	N.	D.
Vijayan	T.	K.
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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 2017-
2018, a total of 27 students underwent the training under 
different disciplines of SPL.

M. Tech.
1.	 Archa	S.	Lekshmi,	Department	of	Optoelectronics,	University	of	Kerala;	“Low	energy	Electron	and	Ion	beam	

analysis	 using	 Phosphor	 screen	 under	 high	 vacuum	 conditions”,	 January-September	 2018	 [Supervisor:	 Dr.	
Satheesh	Thampi	R.].

2.	 Jitendra	Turkar,	Rashtrasant	Tukadoji	Maharaj	Nagpur	University,	Nagpur;	“Development	of	pulsed	transmitter	
system	for	sounder	applications”,	January-June	2017	[Supervisor:	Dr.	Sreelatha	P.]	

3.	 Jinu	P	R,	College	of	Engineering	(CET),	A	P	J	Abdul	Kalam	Technological	University,	Trivandrum;	“Performance	
optimization	 of	 Quadrupole	Mass	 Spectrometer	 for	 planetary	 and	 aerospace	 applications”,	 July-June	 2018	
[Supervisor:	Dr.Tirtha	Pratim	Das].	

4.	 Prakash	Mishra,	Rashtrasant	Tukadoji	Maharaj	Nagpur	University,	Nagpur;	“Development	of	receiver	system	for	
sounder	applications”,	January-June	2017	[Supervisor:	Dr.	Sreelatha	P.]

M. Sc.

1.	 Ajesh,	A,	Sree	Narayana	College,	Chengannur,	Alappuzha,	M.G.	University;	“Fine	and	ultrafine	particles	over	a	
coastal	station:	Experimental	perspective”,	April-May	2018	[Supervisor:	Sobhan	Kumar	Kompalli].

2.	 Anisha	M.	Kumar	 ,	 Sree	Narayana	College,	Varkala,	 Kerala;	 “Magnetic	 Field	Measurements	 in	Space	with	
Search-coil	Magnetometers”,	January-June,	2018	[Supervisor:	Dr.	Vipin	K.	Yadav]

3.	 Arsha	Nagan,	Assabah	Arts	and	Science	College,	Valayamkulam,	Malappuram,	Kerala;	"Studies	on	raindrop	
size	distribution	over	a	coastal	station	Thumba:	Reflectivity-rainrate	relation	(Z-R)",	April-May	2018	[Supervisor:	
Dr.	Kiran	Kumar	N.V.P.]	

4.	 Aswathy	R,	Sree	Krishna	College,	Thrissur;	“Study	of	Ionospheric	peak	electron	density	during	Solar	minimum	
over	dip	equatorial	location	of	Thiruvananthapuram”,	March-May	2018	[Supervisor:	Dr.	Mridula	N]

5.	 Bismi	Badherdeen,	Department	of	Physics,	Mahatma	Gandhi	University,	Kottayam,	Kerala;	“Altitudinal	structure	
of	 stability	 parameters	 in	 the	 Troposphere	 and	 Lower	 Stratosphere	 during	 winter	 and	 summer	 monsoon	
seasons”,	May-June	2018	[Supervisor:	Dr.	S	V	Sunilkumar]

6.	 Faikha	Jaffer,	WMO	Arts	and	Science	College,	Muttil,	Wayanad,	University	of	Calicut;	 “A	study	on	fine	and	
ultrafine	particles	over	a	coastal	station”,	April-May,	2018	[Supervisor:	Sobhan	Kumar	Kompalli].	

7.	 Farhana	 KV,	 MES	 Kalladi	 College,	 Mannarkkad;	 “Study	 of	 the	 Longitudinal	 Variability	 of	 Ionospheric	 Total	
Electron	Content	(TEC)”,	April-May	2018	[	Supervisor:	Dr.	Smitha	V.	Thampi]

8.	 Chandni	K	Kumar,	Kerala	University,	Thiruvananthapuram;	 “Study	of	 carbonaceous	aerosols	 at	 a	 semi-arid	
region	Udaipur,	India”,	May-September	2017	(Supervisor:	Dr.	Prashant	Hegde).

9.	 Jubie	Raju,	University	of	Kerala;	“Study	on	diurnal	variability	of	temperature	over	India	using	INSAT-3DR	satellite	
measurements”,	April-May	2018	[Supervisor:	Dr.	Siddarth].

10.	 Pranitha	 K,	Mahatma	Gandhi	 University,	 Kottayam;	 “Chemical	 composition	 of	 atmospheric	 aerosols	 over	 a	
semi-arid	region	in	western	India”,	April-August	2017	(Supervisor:	Dr.	Prashant	Hegde).

11.	 Neenu	 Vincent,	 M.A.M.O	 College,	 Mukkam;	 “Investigation	 of	 Surface	 Energy	 Budget	 for	 the	 Atmospheric	
Boundary	Layer	over	Thumba”,	April-May	2018	[Supervisor:	Dr.	D.	Bala	Subrahamanyam].
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VISITORS 
1. Dr. Vinu Valsala, Indian Ins� tute of Tropical Meteorology, Pune for discussion on the FLEXPART modelling 

aspects, 31 August 2017.

2. Dr. Ranjana Gangradey, Cryo Pump and Injector Division, Ins� tute for Plasma Research, Gandhinagar, 
Gujarat, 18 December 2017, delivered a talk on “India develops Cryogenis Pumps Finds applicati on in 
country’s space research program”.

3. Dr. Duncan Axisa from Droplet Measurement Technologies, USA, 12 June 2018, delivered a talk on “New 
Parti cle formati on in the Mid-lati tude upper troposphere”.

4. Richard Kleidman from Airphoton, USA (formerly at NASA, GSFC), 18 June 2018, delivered a talk on 
“Combining satellite, model and ground data to study air quality”.

5. Prof. Ashik Paul from Ins� tute of Radio Physics and Electronics, University of Calcu� a, 26 June 2018, 
delivered a talk on “Multi -system characterizati on of near-Earth Space Environment and ionospheric 
instrumentati on at University of Calcutt a”.

12.	 Radhika	Unni,	Sree	Krishna	College,	Thrissur;	“Study	of	Ionospheric	peak	height	during	Solar	minimum	over	dip	
equatorial	location	of	Thiruvananthapuram”,	March-May	2018	[Supervisor,	Dr.	Mridula	N].

13.	 Riza	Paul,	Sree	Kerala	Varma	College,	Thrissur;	“Analysis	of	tropical	deep	convective	clouds	using	multi	payload	
measurements”,	[Supervisor:	Dr.	Nizy	Mathew].

14.	 Sabeela	C	P,	Ansar	Women’s	College,	Perumpilavu;	“Study	on	outgassing	from	hot	cathode	fi	lament	in	a	mass	
spectrometer”,	April-May	2018	[Supervisor:	Dr.	TirthaPratim	Das].

15.	 Shahanas	K	P,	Assabah	Arts	and	Science	College,	Valayamkulam,	Malappuram,	Kerala;	"	Studies	on	raindrop	
size	distribution	over	a	coastal	station	Thumba:	Variation	of	mass	weighted	average	diameter	Dm",	April-May	
2018	[Supervisor:	Dr.	N.V.P.	Kiran	Kumar].

16.	 Shemitha	M.	A.,	Al	Ameen	College,	Edathala;	“Diurnal	and	Seasonal	Variations	in	Surface	Layer	Meteorological	
Parameters	over	Thumba:	A	Coastal	Station”,	April-May	2018	[Supervisor:	Dr.	D.	Bala	Subrahamanyam]

17.	 Sreeshna	S,	Providence	Women’s	College,	Calicut,	University	of	Calicut;	“Study	on	the	variation	of	the	outgassing	
from	a	mass	spectrometer	sensor	under	 laboratory	condition”,	April-May	2018,	 [Supervisor:	Dr.	TirthaPratim	
Das].

18.	 Sruthy	Rose	Baby,	University	of	Kerala;	“C-band	Doppler	Weather	Radar	observations	during	the	passage	of	
Tropical	Cyclone	‘Ockhi’”	May-June,	2018	[Supervisor:	Kandula	V	Subrahmanyam].

19.	 Vismaya	P,	MES	Kalladi	College,	Mannarkkad;	“Study	of	the	Latitudinal	Variation	of	Ionospheric	Total	Electron	
Content	(TEC)	Over	Indian	Region-Seasonal	and	Day	to	Day	Eff	ects”,	April-May	2018	[Supervisor:	Dr.	Smitha	
V.	Thampi].

IASc-INSA-NASI Summer Research Fellows

1.	 Arun	Nair,	Centre	for	Earth,	Ocean	&	Atmospheric	Sciences,	University	of	Hyderabad,	Hyderabad,	"Study	on	
the	three	dimensional	structure	of	winds	and	precipitation	during	Cyclone	–Ockhi",	May-July,	[Supervisor	:	Dr.	
Siddarth	Shankar	Das].

2.	 Sruthy	Rose	Baby,	University	of	Kerala,	“C-band	Doppler	Weather	Radar	observations	during	the	passage	of	
Tropical	Cyclone	‘Ockhi’”	May-June,	2018	[Supervisor:	Kandula	V	Subrahmanyam].

3.	 Azaruddin	Degalapadu,	Centre	for	Earth,	Ocean	&	Atmospheric	Sciences,	University	of	Hyderabad,	Hyderabad,	
“Long	Term	Variability	of	 the	Stratospheric	Ozone	over	 the	 Indian	Sub-Continent	during	 the	 Indian	Summer	
Monsoon”,	May	–	July	2018,	[Supervisor:	Dr.	K.	N.	Uma].

4.	 Varsha	Natarajan,	Department	of	Earth	Sciences,	Pondicherry	University,	Kalapet,	 “Long	Term	Variability	of	
Rainfall	over	the	diff	erence	monsoon	regions	in	the	northern	hemisphere”,	May	–	July	2018,	[Supervisor:	Dr.	K.	
N.	Uma].
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हिन्दी गहिहिहियां

1. हिहिन कुमार या्ि, संचालन, “राजभाषा सत्र”, कें द्र सिरदीय िकनदीकी हिन्दी संगोष्दी: “िकनदीकी उिलह्ियाँ एिं हसिन-
ऑफ”, हसिंबर १२, २०१७, हिक्रम साराभाई अनिररक्ष कें द्र, हिरुिननििुरम, केरल ।

2. हिहिन कुमार या्ि, िनयिा् ज्ािन, हिन्दी कहि सममेलन, हसिंबर २६, २०१७, हिक्रम साराभाई अनिररक्ष कें द्र, 
हिरुिननििुरम, केरल ।

3. हिहिन कुमार या्ि, हनराणायक, हिन्दी माि समारोि प्रहियोहगिा, कमणाचाररयों के बच्ों के हलए (समूि १, कक्षा IV & V) – 
हिन्दी िठन एिं हिन्दी िाचन, अकू्बर १०, २०१७, िदीएसएससदी केनद्रदीय हिद्ालय, हिरुिननििुरम, केरल ।

4. हिहिन कुमार या्ि, हनराणायक, हिन्दी माि समारोि प्रहियोहगिा, कमणाचाररयों के बच्ों के हलए (समूि ३, कक्षा VIII, IX, X 

एिं समूि 4, कक्षा XI & XII) – हिन्दी िाचन एिं हिन्दी भाषर, अकू्बर १२, २०१७, िदीएसएससदी केनद्रदीय हिद्ालय, 
हिरुिननििुरम, केरल ।

5. हिहिन कुमार या्ि, संचालन, आईआईएसयू कमणाचाररयों के हलए हिन्दी प्रश्ोत्तरदी, हिश्व हिन्दी द्िस समारोि, जनिरदी २, 
२०१८, आइआइएसयु, हिरुिननििुरम, केरल ।

6. हिहिन कुमार या्ि, हनराणायक, हिं् दीिर भाषदी कमणाचाररयों के हलए हिन्दी िुसिक िुरािलोकन, हिश्व हिन्दी द्िस समारोि, 
जनिरदी ९, २०१८, हिक्रम साराभाई अनिररक्ष कें द्र, हिरुिननििुरम, केरल ।

7. हिहिन कुमार या्ि, संचालन, िदीएसएससदी कमणाचाररयों के हलए हिन्दी प्रश्ोत्तरदी, हिश्व हिन्दी द्िस समारोि, जनिरदी १०, 
२०१८, हिक्रम साराभाई अनिररक्ष कें द्र, हिरुिननििुरम, केरल ।

कें द्र सिरदीय िकनदीकी हिन्दी संगोष्दी मे लेख प्रसिुहि

हिषय: िकनदीकी उिलह्ियाँ एिं हसिन-ऑफ

1. श्दीलिा िदी, प्रकाश हमश्ा, हजिेंद्र िुकणा र, अम्रिा ्ास, एिं िरुर कुमार िनि, “िैज्ाहनक िरदीक्षर ििेु सिंद्ि रेहियो धिनदीय 
के अहि आिशयक उििंत्रों का हिकास”, िकनदीकी सत्र, हसिंबर १२, २०१७, हिक्रम साराभाई अनिररक्ष कें द्र, हिरुिननििुरम, 
केरल, िृष्: १५५-१६१ ।

2. हिहिन कुमार या्ि, “सूयणा-िृथिदी िंत्र में चुमबकीय क्षेत्र का मािन”, िकनदीकी सत्र, हसिंबर १२, २०१७, हिक्रम साराभाई 
अनिररक्ष कें द्र, हिरुिननििुरम, केरल, िृष्: ८८-९७ ।

3. हिहिन कुमार या्ि, “भारि में राजभाषा हिन्दी का भहिषय”, राजभाषा सत्र, हसिंबर १२, २०१७, हिक्रम साराभाई 
अनिररक्ष कें द्र, हिरुिननििुरम, केरल, िृष्: १९९-२०५ ।

4. हसध्ारणा शंकर ्ास एिं के. िदी. सुनदीि, “भारिदीय एमएसटदी (MST) रिार का उियोग करिे हुए समिािमंिलय अनुहचि 
िसिक्षेि की रटपिहरयां - ्दीरणाकाहलक अिलोकन”, िकनदीकी सत्र, हसिंबर १२, २०१७, हिक्रम साराभाई अनिररक्ष कें द्र, 
हिरुिननििुरम, केरल, िृष्: १४६-१५४ ।

5. के. एन. उमा, “िॉपलर मौसम रेिार एिं MST रेिार से ऊषरकरटबंिदीय चक्रिाि का हिकास, संरचना और गहिकी का 
आकलन”, िकनदीकी सत्र, हसिंबर १२, २०१७, हिक्रम साराभाई अनिररक्ष कें द्र, हिरुिननििुरम, केरल, िृष्: १२४-१३० ।
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6. िदी.  बाला  सु� ि म ण्य म  एिं  राहिका  रामचंद्रन, “भारि  के  प्ररम  आर एल िदी- टदी िदी  प्रमोचन  यान  की  सफलिा  में  िायुमंिलदीय 
 मॉिल  �ारा  मौसम  का  िूिाणानुमान”, िकनदीकी सत्र, हसिंबर १२, २०१७, हिक्रम साराभाई अनिररक्ष कें द्र, हिरुिननििुरम, 
केरल, िृष्: १६२-१६७ ।

7. मंजु जदी, श्दीलिा िदी, िरुर कुमार िनि, रोसमदी जॉन, अनदीश ए एन एिं सिदीश रंिदी “ISRO के �ुिदीय प्रक्षेिर यान 
(िदीएसएलिदी) िर आइहिया (इलेक्�ॉन रनत्ि िरा हिद्ुि-क्षेत्र) अनिेषक: �िरेखा एिं हिकास”, िकनदीकी सत्र, हसिंबर 
१२, २०१७, हिक्रम साराभाई अनिररक्ष कें द्र, हिरुिननििुरम, केरल, १६८-१७५ ।

हिन्दी िुरसकार

1. के. एन. उमा, प्ररम िुरसकार, “िॉपलर मौसम रेिार एिं MST रेिार से ऊषरकरटबंिदीय चक्रिाि का हिकास, संरचना और 
गहिकी का आकलन”, कें द्र सिरदीय िकनदीकी हिन्दी संगोष्दी: “िकनदीकी उिलह्ियाँ एिं हसिन-ऑफ”, हसिंबर १२, २०१७, 
हिक्रम साराभाई अनिररक्ष कें द्र, हिरुिननििुरम, केरल ।

2. हिहिन कुमार या्ि, प्ररम िुरसकार, “मेरदी ् ा्दी”, हिक्रम साराभाई अनिररक्ष कें द्र की हिन्दी गृि िहत्रका “गगन”, क्रमांक-४५, 
३८–४०, अप्रैल-हसिमबर २०१७ ।

3. के. एन. उमा, प्ररम िुरसकार, हिन्दी भाषर, कें द्र सिरदीय हिन्दी समारोि, २०१७ ।

4. हिहिन कुमार या्ि, िृिदीय िुरसकार, “भारि में राजभाषा हिन्दी का भहिषय”,  कें द्र सिरदीय िकनदीकी हिन्दी संगोष्दी: 
“िकनदीकी उिलह्ियाँ एिं हसिन-ऑफ”, हसिंबर १२, २०१७, हिक्रम साराभाई अनिररक्ष कें द्र, हिरुिननििुरम, केरल ।

5. हसध्ारणा शंकर ्ास एिं के. िदी. सुनदीि, िृिदीय िुरसकार, “भारिदीय एमएसटदी रिार का उियोग करिे हुए समिािमंिलय 
अनुहचि िसिक्षेि की रटपिहरयां - ्दीरणाकाहलक अिलोकन”, कें द्र सिरदीय िकनदीकी हिन्दी संगोष्दी: “िकनदीकी उिलह्ियाँ एिं 
हसिन-ऑफ”, हसिंबर १२, २०१७, हिक्रम साराभाई अनिररक्ष कें द्र, हिरुिननििुरम, केरल ।

6. हिहिन कुमार या्ि; िृिदीय िुरसकार, “शुक्र एिं मंगल का चुमबकीय िरा पलाज़्मा िािािरर”, प्रहियोहगिा, हिश्व हिन्दी 
द्िस २०१८, जनिरदी २०१८, हिक्रम साराभाई अनिररक्ष कें द्र, हिरुिननििुरम, केरल ।

7. के. एन. उमा, िृिदीय िुरसकार, हिन्दी काहििा िाठ, कें द्र सिरदीय हिन्दी समारोि, २०१७ ।

हिन्दी राजभाषा लेख

1. हिहिन कुमार या्ि, “्हैनक काय� में हिन्दी का प्रयोग: समसयाएँ और समािान”, कें द्र सिरदीय िकनदीकी हिन्दी संगोष्दी”, 
फ़रिरदी १६, २०१८, इसरो उि�ि कें द्र, बेंगलुरु, कनाणाटक, िृष्: ११९-१२५ ।

अनय हिन्दी लेख

1. िदी. बाला सु�िमण्यम, “क्या िम सामाहजक अहसित्ि खो रि ेि� ?”, हिक्रम साराभाई अनिररक्ष कें द्र की हिन्दी गृि िहत्रका  
“गगन”, क्रमांक-४५, ३८–४०, अप्रैल-हसिमबर २०१७ ।

2. हिहिन कुमार या्ि, “मेरदी ्ा्दी”, हिक्रम साराभाई अनिररक्ष कें द्र की हिन्दी गृि िहत्रका “गगन”, क्रमांक-४५, ३८–४०, 
अप्रैल-हसिमबर २०१७ ।
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spl day lecture
Delivered by Prof. Jayant V Narlikar

The SPL day lecture for the year 2018 
was delivered by the world renowned 
astrophysicist Prof. Jayant V Narlikar 
on “Searches for Life outside the 
Earth” in a mee� ng presided by 
Director VSSC, Dr. S. Somanath. The 
SPL Day lecture is organized in April of 
every year to celebrate the decades 
of excellence in scien� fi c research 
in the areas of  Atmosphere, Space 
and Planetary sciences. Dr. Radhika 
Ramachandran, Director SPL welcomed the gathering.     
In his talk Prof. Narlikar presented the possibility of the 
existence of life outside the earth and the challenges 
in providing the experimental evidence for it  through 
space explora� on. The main diffi  culty in detec� ng 
the life in the nearest galaxy is due to the enormous 
amount of � me required with the most advanced space 
ship available as on today. According to him the  extra 
terrestrial life  can exist because the basic building 
blocks of life might be present in some of the celes� al 
bodies in other galaxies. He also presented the exci� ng 
results from the experiments which he has conducted 

in collabora� on with ISRO towards the search for 
extraterrestrial life using high al� tude balloons.  The 
three diff erent types of bacteria detected through 
these experiments are so far not iden� fi ed on earth. 
One of these bacteria is named a� er ISRO and is called 
as ‘Bacillus isronensis’. He hopes that with modern 
technological advancement,  we will be able to provide 
conclusive evidence for the presence of life outside 
the confi nes  of the earth in near future.  His talk was 
followed by a vibrant interac� ve session with the ac� ve 
par� cipa� on from students and young researchers 
assembled from various ins� tu� ons in the city. 

Commissioning of
New Facility at

IPRC, Mahendragiri
The building for housing the Integrated Lidar 

Systems and Op� cal Aeronomy experiments has 
been inaugurated at IPRC, Mahendragiri by Shri. 
A.S. Kiran Kumar (then Chairman, ISRO) in the 
presence of Dr. K. Sivan (then Director, VSSC), Dr. S. 
Somanath (then Director, LPSC) and Shri. S. Pandian 
(then Director, IPRC) on December 14, 2017.
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