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Foreword 

 

The year 2011-'12 marks the culmination of our eleventh five year plan efforts leading onto the beginning 

of 12th plan with the promise to build further on our strengths as well as embark onto new frontiers. The 

11th Five Year plan period has been a great success in terms of scientific research with 93 publications in 

journals, 63 publications in proceedings and books and more than 80 Conference presentations. C-

MMACS continued with its research initiatives by actively involving with various organizations like 

KSNDMC, GBPIEHED, NIOT,  Pondicherry University, SASE etc through MOUs for joint research 

work. C-MMACS also continued its research activities with a number of CSIR Projects, Projects 

sponsored by DST, MoES, ISRO, INCOIS, etc.  

The High Performance Computing (HPC) facility of CSIR C-MMACS is at the heart of computational 

research in CSIR. Access to this facility has been provided to scientists from several CSIR Labs, riding on 

the NKN backbone. The capacity of the Altix ICE system has been increased from 13.5 Teraflops (peak) to 

about 27 Teraflops, which has been rated the 7th fastest supercomputer in the country. During this year, 

two proposals to further enhance our HPC facilities have been sanctioned with a combined budget of 

about Rs. 50 crores. In March 2012, a new HPC system has been ordered with a peak capacity of 360 

Teraflops which is expected to propel CSIR to the number one position in the country and also break into 

the top 100 systems in the world.  

In the field of Solid Earth Modelling, a new sponsored project on Analysis of Indian National GNSS data 

for reference frame realization, PWV and TEC computation has been approved and research in the field of 

GNSS - InSAR integration has been initiated. As a part of Andamans mega project, C-MMACS's Solid 

Earth Modelling is the only group in India to establish Volcano deformation monitoring stations in 

Barren and Narcondam islands. 

A UKIERI proposal on Integrating Disease Prediction with Weather & Climate Models has been 

approved between CSIR C-MMACS and the University of Liverpool, UK. CEMP group continued with 

its initiative on Weather Informatics for Precision Agriculture by Hobli-level forecasting of rainfall in 

collaboration with Karnataka State Natural Disaster Monitoring Centre (KSNDMC). A Knowledge 

Infrastructure "CSIR Climate Observation and Modelling Network (CSIR COMoN)" has been designed 

as a multi-agency, multi-institutional effort in a resource and knowledge sharing environment. 



Our research into fundamental mathematical methods has resulted in advances in the standard homotopy 

analysis. Numerical solutions have been developed for the dynamics and rheology of periodically forced 

suspensions. By investigating into the inter-decadal trends of CO2 and also installing and commissioning 

a continuous CO2/CH4 analyser in Pondicherry University, C-MMACS continued its pioneering efforts 

in the modelling of CO2 cycle. 

During this year, our academic programs have taken a firm root and the PhD program has drawn the 

attention of several aspiring candidates. In Aug 2011, C-MMACS launched its student programme 

called SPARK (Student Programme for Advancement of Research Knowledge). SPARK is intended to 

provide a unique opportunity to bright and motivated students of reputed Universities to carry out their 

major project/thesis work and advance their research knowledge in mathematical modelling and 

simulation of complex systems. The programme has been a huge success - we have received a total of 203 

applications from students in about 21 states in the country with several applications from premier 

institutions such as IITs, NITs etc. 

It is my pleasure to inform you that C-MMACS will be a partner lab, along with a few others for CSIR 

innovation complex at Chennai. Dr. T. S. Balganesh, Vice President - Discovery, Astra Zeneca joined 

CSIR as Distinguished scientist and looks after the OSDD project from C-MMACS.  

My sincere thanks to all the concerned Departments and Organizations, both national and international,  

for supporting the research efforts of CSIR C-MMACS. It is my privilege to express my gratitude to DG, 

CSIR and members of our Advisory Committee for their support & guidance. I would like to thank 

Director NAL for his keen interest in nurturing C-MMACS programmes. Our special thanks to all the 

divisions of NAL for their unstinted support. I take this opportunity to thank all the scientists and other 

staff members of C-MMACS for their commitment to this unique organization. 

 

 

Prof P Seshu 

Scientist-in-Charge 

 



†Ö´Öã�Ö 

¾ÖÂÖÔ 2011-'12 �µÖÖ¸üÆü¾Öà ¯ÖÓ“Ö¾ÖÂÖáµÖ µÖÖê•Ö−ÖÖ �êú ÃÖÓ̄ Ö®Ö ÆüÖê •ÖÖ−Öê �úÖ ÃÖÓ�êúŸÖ ¤êüŸÖÖ Æîü, ÃÖÖ£Ö Æüß ²ÖÖ¸üÆü¾Öà µÖÖê•Ö−ÖÖ �êú ¿Öã³ÖÖ¸Óü³Ö 
�úÖ… µÖÆüß †¾ÖÃÖ¸ü Æîü ×�ú Æǘ Ö †¯Ö−Öê �úÖî¿Ö»Ö ´Öë ŸÖê•Ö ×−Ö,ÖÖ¸ü »ÖÖŸÖê Æãü‹ −Ö‡Ô ‰Óú“ÖÖ‡µÖÖë �úÖê ”æû−Öê �úÖ ÃÖÓ�ú»¯Ö »Öë… ¾Öî–ÖÖ×−Ö�ú 
†−ÖãÃÖÓ¬ÖÖ−Ö �úß ¥üÛÂ™ü ÃÖê �µÖÖ¸üÆü¾Öà ¯Ö“Ö¾ÖÂÖáµÖ µÖÖê•Ö−ÖÖ �úß †¾Ö×¬Ö �úÖ±úß ÃÖ±ú»Ö ¸üÆüß… ‡ÃÖ ¤üÖî̧ üÖ−Ö Æǘ ÖÖ¸êü ¯ÖÏ�úÖ¿Ö−Ö •Ö−ÖÔ»ÖÖë ´Öë 
93, �úÖµÖÔ¾ÖÖ×ÆüµÖÖë ‹¾ÖÓ ¯ÖãÃŸÖ�úÖë ´Öë 63 †î̧ ü ÃÖ´´Öê»Ö−ÖÖë ´Öë ¯ÖÏÃŸÖã×ŸÖµÖÖÑ 80 ÃÖê †×¬Ö�ú ¸üÆüà… ÃÖß-´ÖîŒÃÖ −Öê †−Öê�ú †−ÖãÃÖÓ¬ÖÖ−Ö 
�úÖµÖÖí ´Öë ×¾Ö×³Ö®Ö ÃÖÓ�Öšü−ÖÖë �êú ÃÖÖ£Ö ÃÖ´Ö—ÖÖîŸÖÖ-—ÖÖ¯Ö−Ö �êú †¬Öß−Ö ×´Ö»Ö�ú¸ü �úÖ´Ö ×�úµÖÖ, •ÖîÃÖê �êú‹ÃÖ‹−Ö›üß‹´ÖÃÖß, 
•Öß²Öß¯Öß†Ö‡Ô‡Ô‹“Ö‡Ô›üß, ‹−Ö†Ö‡Ô†Öê™üß, ¯ÖÖÓ×›ü“Öȩ̂ üß µÖæ×−Ö¾ÖÙÃÖ™üß, ‹ÃÖ‹‹ÃÖ‡Ô †Ö×¤ü… ÃÖß‹ÃÖ†Ö‡Ô†Ö¸ü �úß †−Öê�ú ¯Ö×¸üµÖÖê•Ö−ÖÖ†Öë �êú 
†»ÖÖ¾ÖÖ ×¾Ö–ÖÖ−Ö ‹¾ÖÓ ¯ÖÏÖîªÖê×�Ö�úß ×¾Ö³ÖÖ�Ö, ¯Öé£¾Öß ×¾Ö–ÖÖ−Ö ´ÖÓ¡ÖÖ»ÖµÖ, ‡ÃÖ¸üÖê, †Ö‡Ô‹−ÖÃÖß†Öê†Ö‡Ô‹ÃÖ †Ö×¤ü �úß ¯ÖÏÖµÖÖê×•ÖŸÖ 
¯Ö×¸üµÖÖê•Ö−ÖÖ†Öë ´Öë ³Öß ÃÖß-´ÖîŒÃÖ �êú †−ÖãÃÖÓ¬ÖÖ−Ö �úÖµÖÔ •ÖÖ¸üß ¸üÆêü…   

ÃÖß‹ÃÖ†Ö‡Ô†Ö¸ü ÃÖß-´ÖîŒÃÖ �êú ˆ““Ö ×−ÖÂ¯ÖÖ¤ü−Ö †×³Ö�ú»Ö−Ö (‹“Ö¯ÖßÃÖß) �úß ÃÖã×¾Ö¬ÖÖ, ÃÖ´Öæ“Öê ÃÖß‹ÃÖ†Ö‡Ô†Ö¸ü �êú †×³Ö�ú»Ö−ÖßµÖ 
†−ÖãÃÖÓ¬ÖÖ−Ö �úß •ÖÖ−Ö Æîü… ÃÖß‹ÃÖ†Ö‡Ô†Ö¸ü �êú ×¾Ö×³Ö®Ö ÃÖÓÃ£ÖÖ−ÖÖë ´Öë �úÖµÖÔ̧ üŸÖ ¾Öî–ÖÖ×−Ö�ú †²Ö ‡ÃÖ ÃÖã×¾Ö¬ÖÖ �úÖê ‹−Ö�êú‹−Ö �êú 
•Ö×¸ü‹ ‹ŒÃÖêÃÖ �ú¸ü ÃÖ�úŸÖê Æïü… †ÖÛ»™üŒÃÖ †Ö‡ÔÃÖß‡Ô ×ÃÖÃ™ǘ Ö �êú ÃÖÖ´Ö£µÖÔ �úÖê 13.5 ™êü̧ üÖ°»ÖÖ¯Ö (¿ÖßÂÖÔú) ÃÖê 27 ™êü̧ üÖ°»ÖÖ¯Ö 
ŸÖ�ú ²ÖœÍüÖµÖÖ �ÖµÖÖ Æîü, ×•ÖÃÖê †Ö•Ö �úß ŸÖÖ¸üß,Ö ´Öë ¤êü¿Ö �êú ÃÖÖŸÖ¾ÖêÓ ÃÖ²ÖÃÖê ŸÖê•Ö ÃÖǣ Ö¸ �Óú¯µÖæ™ü̧ ü �úß ´ÖÖ−µÖŸÖÖ ×´Ö»Öß Æîü…  ¾ÖÂÖÔ �êú 
¤üÖî̧ üÖ−Ö Æǘ ÖÖ¸üß ‹“Ö¯ÖßÃÖß ÃÖã×¾Ö¬ÖÖ†Öë �úÖê †×¬Ö�ú ÃÖÓ¾ÖÙ¬ÖŸÖ �ú¸ü−Öê ÆêüŸÖã ºþ.50 �ú¸üÖê›Íü �úß ÃÖÓµÖãŒŸÖ »ÖÖ�ÖŸÖ �êú ¤üÖê ¯ÖÏÃŸÖÖ¾Ö ´ÖÓ•Öæ̧ ü 
Æãü‹…  360 ™êü̧ üÖ°»ÖÖ¯Ö �êú ÃÖÖ´Ö£µÖÔ ¾ÖÖ»Öê ‹�ú −Ö‹ ‹“Ö¯ÖßÃÖß ×ÃÖÃ™ǘ Ö �êú ×»Ö‹ ´ÖÖ“ÖÔ, 2012 ´Öë †Ö¤êü¿Ö ³Öê•ÖÖ �ÖµÖÖ, ˆ´´Öß¤ü Æîü 
×�ú ‡ÃÖÃÖê ÃÖß‹ÃÖ†Ö‡Ô†Ö¸ü ¤êü¿Ö ´Öë ¯ÖÆü»Öê Ã£ÖÖ−Ö ¯Ö¸ü ¯ÖÆãÓü“Öê�ÖÖ †Öî̧ ü µÖÆü ×ÃÖÃ™ǘ Ö ÃÖ´Öæ“Öê ×¾ÖÀ¾Ö ´Öë ˆ““Ö �úÖê×™ü �êú 100 
×ÃÖÃ™ǘ ÖÖë �úß ×�Ö−ÖŸÖß ´Öë •Ö�ÖÆü ²Ö−ÖÖ‹�ÖÖ…ú  

šüÖêÃÖ ³Öæ ¯ÖÏ×ŸÖºþ¯ÖUÖ �êú VÖê¡Ö ´Öë, ÃÖÓ¤ü³ÖÔ œüÖÓ“ÖÖ ×−Ö´ÖÖÔUÖ, ¯Öß›ü²»µÖæ¾Öß †Öî̧ ü ™üß‡ÔÃÖß †×³Ö�ú»Ö−Ö �êú ×»Ö‹ ³ÖÖ¸üŸÖßµÖ ¸üÖÂ™ÒüßµÖ 
•Öß‹−Ö‹ÃÖ‹ÃÖ ›üÖ™üÖ �êú ×¾Ö¿»ÖêÂÖUÖ ÃÖÓ²ÖÓ¬Öß ‹�ú −Ö‡Ô ¯ÖÏÖµÖÖê×•ÖŸÖ ¯Ö×¸üµÖÖê•Ö−ÖÖ �êú ×»Ö‹ †−Öã́ ÖÖê¤ü−Ö ¯ÖÏÖ¯ŸÖ Æãü†Ö… •Öß‹−Ö‹ÃÖ‹ÃÖ - 
‡−ÖÃÖÖ¸ü ‹�úß�ú¸üUÖ �êú VÖê¡Ö ´Öë †−ÖãÃÖÓ¬ÖÖ−Ö �úÖµÖÔ †Ö¸Óü³Ö Æãü†Ö… ²ÖéÆü¤Ëü †Ó¤ǘ ÖÖ−Ö ¯Ö×¸üµÖÖê•Ö−ÖÖ �êú †¬Öß−Ö, ³ÖÖ¸üŸÖ ´Öë ÃÖß-´ÖîŒÃÖ �úÖ 
šüÖêÃÖ ³Öæ ¯ÖÏ×ŸÖºþ¯ÖUÖ �ÖÏǣ Ö Æüß ‹êÃÖÖ ‹�ú ´ÖÖ¡Ö �ÖÏǣ Ö Æîü •ÖÖê ²Öî̧ ü−Ö ‹¾ÖÓ −ÖÖ�úÖÔ−›ǘ Ö «üß¯ÖÖë ´Öë •¾ÖÖ»ÖÖ´Öã,Öß ×¾Öºþ¯ÖUÖ �êú ´ÖÖ×−Ö™ü̧ ü−Ö 
Ã™êü¿Ö−Ö �úÖµÖ´Ö �ú¸üŸÖÖ ÆüÖê… 

´ÖÖîÃÖ´Ö ‹¾ÖÓ •Ö»Ö¾ÖÖµÖã ´ÖÖò›ü»ÖÖë �êú ÃÖÖ£Ö ¸üÖê�Ö ¯Öæ¾ÖÖÔ−Öã́ ÖÖ−Ö �êú ‹�úß�ú¸üUÖ �êú ÃÖÓ²ÖÓ¬Ö ´Öë ÃÖß‹ÃÖ†Ö‡Ô†Ö¸ü ÃÖß´ÖîŒÃÖ ‹¾ÖÓ µÖæ×−Ö¾ÖÙÃÖ™üß 
†Öò±ú ×»Ö¾Ö¸ǖ Öæ»Ö, µÖæ�êú �êú ²Öß“Ö ‹�ú µÖæ�êú†Ö‡Ô‡Ô†Ö¸ü†Ö‡Ô ¯ÖÏÃŸÖÖ¾Ö �úÖ †−Öã́ ÖÖê¤ü−Ö ¯ÖÏÖ¯ŸÖ Æãü†Ö… ÃÖß‡Ô‹´Ö¯Öß �ÖÏǣ Ö −Öê �ú−ÖÖÔ™ü�ú 
¸üÖ•µÖ ¯ÖÏÖ�éú×ŸÖ�ú †Ö¯Ö¤üÖ ´ÖÖ×−Ö™ü¸ü−Ö �êú−¦ü (�êú‹ÃÖ‹−Ö›üß‹´ÖÃÖß) �êú ÃÖÖ£Ö ×´Ö»Ö�ú¸ü ÆüÖê²»Öß-ÃŸÖ¸üßµÖ ¯Öæ¾ÖÖÔ−Öã́ ÖÖ−Ö−Ö �ú¸üŸÖê Æãü‹ ¿Öã̈ ü 
�éú×ÂÖ �úß ´ÖÖîÃÖ´Öß ÃÖÓÃÖæ“Ö−ÖÖ �úÖ �úÖµÖÔ •ÖÖ¸üß ¸ü,ÖÖ Æîü… ÃÖß‹ÃÖ†Ö‡Ô†Ö¸ü •Ö»Ö¾ÖÖµÖã ¯ÖÏêVÖUÖ ‹¾ÖÓ ¯ÖÏ×ŸÖºþ¯ÖUÖ −Öê™ü¾Ö�Ôú 
(ÃÖß‹ÃÖ†Ö‡Ô†Ö¸ü �úÖò́ Ö−Ö) �êú −ÖÖ´Ö ÃÖê ‹�ú –ÖÖ−ÖÖ¬ÖÖ×¸üŸÖ †¾ÖÃÖÓ¸ü“Ö−ÖÖ �úÖ †×³Ö�ú»¯Ö ×�úµÖÖ �ÖµÖÖ •ÖÖê ÄÖÖêŸÖ ‹¾ÖÓ –ÖÖ−Ö �êú 
†Ö¤üÖ−Ö-¯ÖÏ¤üÖ−Ö ´Öë ‹�ú ²ÖÆãü-†×³Ö�ú¸üUÖßµÖ ‹¾ÖÓ ²ÖÆãü-ÃÖÓÃ£ÖÖ�ÖŸÖ ¯ÖÆü»Ö �êú ºþ¯Ö ´Öë �úÖ´Ö �ú ȩ̂ü�ÖÖ…  

´Öæ»Ö³ÖæŸÖ �Ö×UÖŸÖßµÖ ×¾Ö×¬ÖµÖÖë �êú VÖê¡Ö ´Öë Æǘ ÖÖ¸êü †−ÖãÃÖÓ¬ÖÖ−Ö −Öê ´ÖÖ−Ö�ú ÆüÖế ÖÖê™üÖê̄ Öß ×¾Ö¿»ÖêÂÖUÖ ´Öë −Ö‹ †ÖµÖÖ´Ö •ÖÖê›Íü ×¤ü‹… †Ö¾Ö×¬Ö�ú 
²Ö»ÖÖê§üß×¯ÖŸÖ ¯ÖÏ»ÖÓ²Ö−ÖÖë �úß �Ö×ŸÖ�úß ‹¾ÖÓ ¯ÖÏ¾ÖÖÆü�úß �êú VÖê¡Ö ´Öë ÃÖÓ,µÖÖŸ´Ö�ú ÃÖ´ÖÖ¬ÖÖ−Ö œæÓüœü ×−Ö�úÖ»Öê �Ö‹… CO2 �êú †ÓŸÖ¸ü-¤ü¿Ö�úßµÖ 
¯ÖÏ¾Öé×¢ÖµÖÖë ¯Ö¸ü •ÖÖÓ“Ö �ú¸üŸÖê Æãü‹ †Öî̧ ü ¯ÖÖÓ×›ü“Öȩ̂ üß µÖæ×−Ö¾ÖÙÃÖ™üß ´Öë ÃÖŸÖŸÖ CO2/CH4 ×¾Ö¿»ÖêÂÖ�ú �úÖ ÃÖÓÃ£ÖÖ¯Ö−Ö �ú¸üŸÖê Æãü‹ ÃÖß-
´ÖîŒÃÖ CO2 ÃÖÖ‡Ô×�ú»Ö �êú ¯ÖÏ×ŸÖºþ¯ÖUÖ ´Öë †ŸµÖÓŸÖ ´ÖÆüŸ¾Ö¯ÖæUÖÔ ‹¾ÖÓ ÃÖÖ£ÖÔ�ú ¯ÖÏµÖÖÃÖ �ú¸ü ¸üÆüÖ Æîü… 



¾ÖÂÖÔ �êú ¤üÖî̧ üÖ−Ö Æǘ ÖÖ¸êü ¿ÖîVÖ×UÖ�ú �úÖµÖÔ�Îú´ÖÖë −Öê �úÖ±úß ¯ÖÏ�Ö×ŸÖ �úß Æîü †Öî̧ ü ¯Öß.‹“Ö›üß. �úÖµÖÔ�Îú´ÖÖêÓ −Öê †−Öê�ú ‡“”ãû�ú ×¾ÖªÖÙ£ÖµÖÖë 
�úÖ ¬µÖÖ−Ö †Ö�úÙÂÖŸÖ ×�úµÖÖ Æîü… †�ÖÃŸÖ 2011 ´Öë ÃÖß-´ÖîŒÃÖ −Öê Ã¯ÖÖ�Ôú (×¾ÖªÖ£Öá ¿ÖÖê¬Ö –ÖÖ−Ö ˆ®ÖµÖ−Ö �úÖµÖÔ�Îú´Ö) �êú −ÖÖ´Ö ÃÖê 
�úÖµÖÔ�Îú´Ö †Ö¸Óü³Ö ×�úµÖÖ… Ã¯ÖÖ�Ôú �úÖµÖÔ�Îú´Ö ¯ÖÏ×ŸÖÛÂšüŸÖ ×¾ÖÀ¾Ö×¾ÖªÖ»ÖµÖÖë �êú ´Öê¬ÖÖ¾Öß ”ûÖ¡ÖÖë �úÖê ‹�ú ÃÖã−ÖÆü̧ üÖ †¾ÖÃÖ¸ü ¯ÖÏ¤üÖ−Ö �ú¸üŸÖÖ 
Æîü ×�ú ¾Öê •Ö×™ü»Ö ¯ÖÏUÖÖ×»ÖµÖÖë �êú �Ö×UÖŸÖßµÖ ¯ÖÏ×ŸÖºþ¯ÖUÖ ‹¾ÖÓ †−Öã�ú¸üUÖ �êú VÖê¡Ö ´Öë †¯Ö−ÖÖ ¯Ö×¸üµÖÖê•Ö−ÖÖ �úÖµÖÔ / ¿ÖÖê¬Ö ¯ÖÏ²ÖÓ¬Ö �úÖ 
�úÖµÖÔ �ú¸ü ÃÖ�úŸÖê Æïü… µÖÆü �úÖµÖÔ�Îú´Ö ²ÖÆãüŸÖ ÃÖ±ú»Ö Æãü†Ö Æîü †Öî̧ ü Æǘ Öë ¤êü¿Ö �êú �ú¸üß²Ö 21 ¸üÖ•µÖÖë †Öî̧ ü †Ö‡Ô†Ö‡Ô™üß, ‹−Ö†Ö‡Ô™üß 
•ÖîÃÖê ¯ÖḮ Öã,Ö ÃÖÓÃ£ÖÖ−ÖÖë �êú ”ûÖ¡ÖÖë ÃÖê 566 †Ö¾Öê¤ü−Ö ¯ÖÏÖ¯ŸÖ Æãü‹… 

´Öã—Öê µÖÆü ÃÖæ×“ÖŸÖ �ú¸üŸÖê Æãü‹ †ŸµÖÓŸÖ ¯ÖÏÃÖ®ÖŸÖÖ ÆüÖê ¸üÆüß Æîü ×�ú “Öê®Öî ´Öë ÃÖß‹ÃÖ†Ö‡Ô†Ö¸ −Ö¾ÖÖ“ÖÖ¸ü �úÖÓ̄ »ÖêŒÃÖ �êú ×»Ö‹ üÃÖß-´ÖîŒÃÖ 
³Öß ‹�ú ³ÖÖ�Öß¤üÖ¸ü »Öî²Ö �úß ³Öæ×´Ö�úÖ †¤üÖ �ú¸êü�ÖÖ… ›üÖò ™üß ‹ÃÖ ²ÖÖ»Ö�ÖUÖê¿Ö, ˆ¯ÖÖ¬µÖVÖ, ×›üÃ�ú¾Ö¸üß, †Ã¡Ö •Öê−Öê�úÖ −Öê 
ÃÖß‹ÃÖ†Ö‡Ô†Ö¸ü ´Öë ×¾Ö×¿ÖÂ™ü ¾Öî–ÖÖ×−Ö�ú �êú ºþ¯Ö ´Öë �úÖµÖÔ³ÖÖ¸ü ÃÖÓ³ÖÖ»ÖÖ Æîü †Öî̧ ü ¾Öê ÃÖß-´ÖîŒÃÖ �úß †Öê‹ÃÖ›üß›üß ¯Ö×¸üµÖÖê•Ö−ÖÖ �úÖê 
ÃÖÓ³ÖÖ»Öë�Öê…   

´Öï ‡ÃÖ †¾ÖÃÖ¸ü ¯Ö¸ü ¸üÖÂ™ÒüßµÖ ‹¾ÖÓ †ÓŸÖ¸üÖÔÂ™ÒüßµÖ ÃŸÖ¸ü �êú ˆ−Ö ÃÖ³Öß ÃÖÓ²ÖÓ×¬ÖŸÖ ×¾Ö³ÖÖ�ÖÖë ‹¾ÖÓ ÃÖÓ�Öšü−ÖÖë �êú ¯ÖÏ×ŸÖ †¯Ö−ÖÖ ÆüÖÙ¤ü�ú 
¬Ö−µÖ¾ÖÖ¤ü –ÖÖ×¯ÖŸÖ �ú¸üŸÖÖ ÆæÑü •ÖÖê ÃÖß‹ÃÖ†Ö‡Ô†Ö¸ü ÃÖß-´ÖîŒÃÖ �êú †−ÖãÃÖÓ¬ÖÖ−Ö ¯Ö¸ü�ú ¯ÖÏµÖÖÃÖÖë ´Öë ÃÖ´Ö£ÖÔ−Ö ¤êüŸÖê †Ö ¸üÆêü Æïü… 
ÃÖß‹ÃÖ†Ö‡Ô†Ö¸ü �êú ´ÖÆüÖ ×−Ö¤êü¿Ö�ú ‹¾ÖÓ Æǘ ÖÖ¸üß ÃÖ»ÖÖÆü�úÖ¸ü ÃÖ×´Ö×ŸÖ �êú ÃÖ¤üÃµÖÖë �êú ¯ÖÏ×ŸÖ †Ö³ÖÖ¸ü ¯ÖÏ�ú™ü �ú¸ü−ÖÖ ´Öï †¯Ö−ÖÖ 
ÃÖÖî³ÖÖ�µÖ ´ÖÖ−ÖŸÖÖ ÆæÑü… ÃÖß-´ÖîŒÃÖ �êú �úÖµÖÔ�Îú´ÖÖë �êú ×¾Ö�úÖÃÖ ´Öë ¹ý×“Ö ×¤ü,ÖÖ−Öê ÆêüŸÖã ´Öï ×−Ö¤êü¿Ö�ú, ‹−Ö‹‹»Ö �úÖ †ŸµÖÓŸÖ †Ö³ÖÖ¸üß 
ÆæÑü… ‹−Ö‹‹»Ö �êú ÃÖ´ÖÃŸÖ ¯ÖÏ³ÖÖ�ÖÖë �êú ¯ÖÏ×ŸÖ ³Öß ˆ−Ö�êú †−Ö¾Ö¸üŸÖ ÃÖ´Ö£ÖÔ−Ö ÆêüŸÖã ¬Ö−µÖ¾ÖÖ¤ü †Ù¯ÖŸÖ �ú¸üŸÖÖ ÆæÑü…  ‡ÃÖ †¾ÖÃÖ¸ü ¯Ö¸ü ´Öï 
ÃÖß-´ÖîŒÃÖ �êú ÃÖ´ÖÃŸÖ ¾Öî–ÖÖ×−Ö�úÖë ‹¾ÖÓ †−µÖ �ú´ÖÔ“ÖÖ×¸üµÖÖë �úÖê ‡ÃÖ †¤Ëü³ÖãŸÖ ÃÖÓ�Öšü−Ö �êú ¯ÖÏ×ŸÖ ˆ−Ö�úß ÃÖ´Ö¯ÖÔUÖ ³ÖÖ¾Ö−ÖÖ �êú ×»Ö‹ 
²ÖÆãüŸÖ ²ÖÆãüŸÖ ¬Ö−µÖ¾ÖÖ¤ü ¤êüŸÖÖ ÆæÑü… 

¯ÖÏÖê. ¯Öß ¿ÖêÂÖã 
¾Öî–ÖÖ×−Ö�ú ¯ÖÏ³ÖÖ¸üß 

cmmacs
Text Box
203



Highlights of the year 2011-12 

 

 Simulations of the biogeochemistry in the Southern Ocean and the 

Oxygen Minimum Zone in the Arabian Sea 

 Installation and commissioning of a continuous CO2/CH4 analyser at 

Pondicherry University. 

 Investigation into the inter-decadal trends of CO2 and their causes. 

 Identification of a common global precursor of Indian summer monsoon 

extremes and El Nino-Southern Oscillations 

 A robust estimation of non-linear modulation of annual cycle of the 

observed sea surface temperature  

 Launching of UKIERI project on Malaria Modelling with the University of 

Liverpool 

 Development of C-MMACS-IICT dynamical malaria epidemiology model  

 Completion of one year of hobli-level rainfall forecasts over Karnataka 

 Launching of Indo-Australian project on wind energy 

 Advance dynamical prediction of date of onset of monsoon for 2011 

 Long-range experimental forecast of monsoon-2011 

 Quantitative assessment of vetiver-based carbon sequestration 

 Enhancement of CSIR Climate Modelling and Observation Network 

(COMoN) 

 National workshop on Climate Observation and Regional Modelling for 

Multi-disciplinary Applications (CORMMA) 

 Network Initiative on Sustainability, Climate Adaptation and Mitigation 

(NISCAM): presentation to Planning Commission on March 06, 2012 

 Workshop on Plant Disease Modelling: Directorate of Oil Seeds Research 

 Industrial Outreach on Weather Informatics with M/S EID Parry 

 Dynamical Air pollution modeling for Delhi Air basin 

 Algorithm for Objective Debiasing: Tropical Cyclone Track 

 Urban Weather Simulation: Assimilation of CSIR COMoN Data 

 White Space Analysis on Climate and related research 

 Comparative evaluation of climate models for simulating Indian monsoon 

 Model configuration for simulation of extreme events 

 Instability studies on carbon nanotubes and  nanocones  

 Extension of the standard homotopy analysis method  



 Development of numerical solutions for the dynamics and rheology of 

periodically forced suspension of spheres in a number of flow situations.  

 Upgrade of Altix ICE to 23 TFlops in January 2012. 

 ERP implementation for ONE CSIR   

 An active Student Programme for Advacement of Research Knowledge 

(SPARK) with applications received from 21 states in the country 

 Inverse Modelling of GPS derived Inter –seismic deformation in 

northeast India 

 Impact of a Priori Zenith Delay on Temporal and Spatial Variability of 

GPS PWV  

 TECmacs: For Probing the Ionosphere using Geodetic GPS Network to 

Study the Seismo-Ionospheric Coupling 

 A redundant path NKN connectivity with 1 Gbps bandwidth.  

 Quantitative estimation of nation-wide  prevalence of IP spoof based 

Denial-of-Service Attacks 

 Studies establish the prevalence of a large number of IP spoofed Denial-

of-Service attacks in the Indian part of the Internet, emphasizing the 

need of a real time monitoring mechanism to detect and possibility 

mitigate. 

 Analysis establishes the need of a conditional multi-method 

implementation for fast multiplication suitable for cryptographic 

applications. 
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Carbon cycle & ocean modelling 
 
 

A detailed knowledge of the carbon cycle is an important component in the study of 

our changing climate. At C-MMACS we have endeavoured to investigate and 

integrate several components of the carbon cycle – oceanic, terrestrial and 

atmospheric along with a synthesis of modelling and measurements to elucidate the 

key processes in the climate system. 
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1.1 Biogeochemical cycles in the Southern Ocean using Ocean Model 

Simulations and Observations 
 

The major objective of this study is to 

understand the physical-biological-

chemical processes in the ocean 

which influence the primary 

productivity and carbon flux across the 

air-sea interface. It is well known that 

the biological pump transfers a 

considerable amount of carbon from 

the atmosphere and the euphotic zone 

to the deep ocean as organic matter. 

This study is carried out by 

incorporating biological and chemical 

process models in the ocean general 

circulation model and evaluating the 

results of three dimensional physical-

biological-chemical models using data 

from different sources.   

 

Spatial and temporal variations of a 

few of the physical, biological and 

chemical components of the marine 

biogeochemical cycles are studied 

using an Ocean General Circulation 

Model (MOM4p1, GFDL) in the global domain 

coupled to a sea-ice model and marine 

biogeochemical model (TOPAZ) and also data from 

World Ocean Atlas and Satellites.  

 

Figure 1.1 shows the comparison of monthly 

variations of Temperature, Nitrate, Silicate and 

Phosphate with respect to depth obtained from the 

climatological simulations of the model with the data 

from WOA Atlas at a station in the Southern Ocean 

where Iron fertilization experiments (LOHAFEX) were 

carried out by NIO, Goa during 2009. It can be seen 

           MODEL                          WOA (2005) 

TEMPERATURE (°C) TEMPERATURE (°C) 

NITRATE (mMol/m
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Figure 1.1 Comparison of monthly variations of 
Temperature(° C), Nitrate (mMol/m3), Silicate (mMol/m3) and 
Phosphate (mMol/m3) with respect to depth (m) from model 
simulations with the data from WOA Atlas (2005) at (48° S, 

15° W)   in the Southern Ocean 

Figure 1.2  Interannual variation of surface 
chlorophyll (mg/m3) compared with the data 
derived from satellites SeaWiFS and MODIS 
for the years 2003 to 2007 at (48° S, 15° W)   

in the Southern Ocean 
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that the model is able to capture the depth and 

monthly variations of temperature and nutrients. 

 

Interannual variation of surface chlorophyll is 

compared with the data derived from satellites 

SeaWiFS and MODIS for the years 2003 to 2007 

(Figure 1.2) at a station in Southern Ocean (as in 

Figure 1.1). It can be noticed that model 

simulations are able to show the trends seen in 

the satellite data, but overestimate the 

chlorophyll values.  

Marine biogeochemical model simulations are 

being carried out by varying the values of some 

of the model parameters related to iron uptake 

and oxygen. Figure 1.3 shows the interannual 

variation of partial pressure of CO2 (pCO2) at the 

same location as in Figure 1.1 for the years 

1998 to 2007 for two model simulations (A and B). Simulation A is for a standard set of 

parameters and in Simulation B, one of the parameters related to iron uptake which represents 

the iron limitation of phytoplankton is changed. It is seen that pCO2 is decreased when iron 

limitation is reduced which may be due to the increase in primary production.  

 

Numerical simulations are being carried out for the biogeochemical model (TOPAZ) embedded 

in MOM in the global domain for climatology and interannual variability to understand the 

sensitivity of parameter values on the dynamics of biogeochemical components which influence 

the global carbon cycle. Also, data related to marine biogeochemical cycles from Atlases, 

Satellites and in-situ observations are being analysed to get an insight into the significant 

processes required to estimate the primary productivity and carbon flux across the air-sea 

interface in the southern ocean.   

 

 
 
 
 
 
 
 
 
 
 
 
 
Figure 1.4 (a) Latitudinal variation of annual average concentration of oxygen (mMol/m3) with respect to 
depth (m) between 5° N and 25° N (b) Monthly variation of concentration of oxygen (mMol/m3) with respect to 
depth(m) at  (19° N, 68° E).  

Figure 1.3 Interannual variation of partial 
pressure of CO2 (pCO2 in µatm) at (48° S, 15° W)   
for the years 1998 to 2007 for two model 
simulations.- Standard set of parameters (Black) 
and One of the parameters related to iron 
limitation of phytoplankton is changed (Red). 
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Preliminary study on Oxygen Minimum Zone in the Arabian Sea 

The suboxic zone in the Arabian Sea is one of the major oxygen minimum zones (OMZ)  in the 

world. This OMZ in the Indian Ocean is not located along its eastern boundary, like in the 

Atlantic and Pacific oceans. It is important to study the impacts of the oxygen deficiency on 

regional biogeochemistry, especially anaerobic nitrogen transformations. It has been shown that 

several important biogeochemical changes are involved in the change from oxic to anoxic 

conditions. 

 

One of the important processes during oxygen depletion, is the use of nitrate ions for oxidation 

of organic matter. Nitrate is reduced to molecular nitrogen, with nitrite as one of several 

intermediates leading to the end-product free nitrogen. This process is called denitrification and 

is a major component of the nitrogen cycle.  Free nitrogen can be used only by nitrogen fixing 

plants. Denitrification in the ocean is a major sink for fixed nitrogen in the global N budget, and 

this process is geographically restricted to a few oceanic regions, including three major oceanic 

OMZ. 

 

Marine biogeochemical model simulations have been used to understand the location, extent 

and interannual variability of oxygen distribution with respect to depth in the Arabian Sea. 

Preliminary studies show that model simulations are able to show the suboxic zones in the 

central Arabian Sea (Figure 1.4). Analyses of the simulation results and the data in Arabian Sea 

are being coupled out to understand the spatial and temporal distributions of the suboxic zones 

and to quantify the effect of denitrification on the nitrogen budget in the Arabian Sea.  

 

 P S Swathi, M K Sharada, C Kalyani Devasena, Shelva Srinivasan, Deepti Sundara 

 

1.2 Atmospheric Carbon Cycle 

 
In southern India, C-MMACS has a station at Pondicherry where discrete flask air sampling is 

being carried out for the analysis of GHGs.  We have been sampling air once every week for the 

last four years at Pondicherry and we have obtained the seasonal variations of the GHGs like 

CO2, CH4, CO, SF6 etc.  However, fine temporal resolution of these quantities will be now 

become possible with the availability of data at 

sub-minute sampling frequency with the 

installation of a new instrument for measuring 

CO2  and CH4  continuously.  The instrument 

needs a continuous flow of ambient air from a 

certain height. For this purpose, a 32 metre tower 

was installed at Pondicherry university campus. 

This tower also has  weather sensors mounted at 

different heights. As seen in Figure 1.5, the top 

mounting has air inlets for sucking the ambient 

air connected to the instruments. The wind speed 

and direction sensor is mounted below this 

parameters to relate the CO2 values to the wind.   
Figure 1.5 A 32 meter tower at Pondicherry 
Univ. campus with the sensors 
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In Figure 1.6 the temperature and humidity sensors along with the solar panel for power to 

these sensors and the data acquisition system (inside the white box) can be seen.  On the 

ground the rain gauge sensor is mounted. All the data from these sensors are stored in the data 

logger and  downloaded at regular intervals to a laptop for the time being. This will be upgraded 

to real-time access shortly. The instrument which analyses CO2 and CH4 concentrations 

continuously is shown in Figure 1.7. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Accuracy and precision of the instrument is ensured by careful and regular calibration with 

cylinders (shown in Figure 1.8) filled with compressed air with known composition of GHGs 

traceable to primary standards prescribed by WMO.  As Pondicherry is plagued with frequent 

power failures, a UPS was installed is shown in Figure 1.9. 

Figure 1.6 Weather sensors with data acquisition 
system   

 

Figure 1.7 Instrument measuring CO2 and CH4 

in the air  

Figure 1.8 Cylinders with CO2 and CH4 

composition in the air  

Figure 1.9 Set up for measuring CO2 and CH4 

continuously 
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Some initial data from the station at 

Pondicherry (blue – CH4; red – CO2) is 

shown in Figure 1.10. 

 

 

N K Indira, P  S  Swathi, B C Bhatt* 

M Ramonet#, S Balakrishnan^, V K Gaur 

* IIA, Bangalore, # LSCE, France 

^ Pondicherry University 

 

 

 

 

1.3 Inter-decadal Trends in Acceleration of Accumulation of Atmospheric 

CO2 during 1958-2008 based on Observations at Mauna Loa 
 

Reanalysis of the 51-year data set (1958-2008) of monthly mean atmospheric CO2 

derived from near-continuous observations at Mauna Loa (19°32’ N, 155°35’ W), Hawaii 

has revealed significant variations on decade-plus time scale in annual CO2 

accumulation rates. The rate nearly doubles from ~0.94 in the first phase (1958-1974) 

to ~1.79 ppm yr-1 in the third phase 

(1992-2008). Linear and exponential 

trends of CO2 accumulation rates 

averaged over a calendar year, or a 

running year, in a phase may be 

viewed as metrics of acceleration 

within the phase. These trends show a 

curious high-low-high pattern; For 

example, the first, second and third 

phase have respectively calendar 

year-based linear trends of 3.64, 0.39 

and 2.86 % yr-1 and exponential trends 

of 4.24, 0.24 and 3.73% yr-1. Similar 

analysis of atmospheric CO2 data from 

four other sites - Point Barrow, La 

Jolla, Christmas Island and South 

Pole-suggests that the high-low-high 

acceleration of atmospheric CO2 

accumulation is a global pattern. 

 

 

Figure 1.11 Inter-decadal trends of running year 
average CO2 accumulation rates at Mauna Loa. Short 
dashes indicate linear trends and long dashes 
exponential trends; trends in phase I (1958-1974), II 
(1975-1991) and III (1992-2008) are in black and for 
1958-2008 in red. Data from 
http://cdiac.oml.gov./ftp/maunaloa-co2/maunaloa. co2 
accessed on 18 June 2011. Method of calculation is 
given in Yajnik and Swathi, Current Science, 102 (5) 

pp 774-782, 2012 

Figure 1.10  Data observed in Pondicherry 

 

http://cdiac.oml.gov./ftp/maunaloa-co2/maunaloa.co2
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Figure 1.12 Inter-decadal trends of 
running year average CO2 
accumulation rates at Point Barrow 
(71°19’ N, 156°36’ W; 1974-2007), 
La Jolla Pier (32°9’ N, 117°3’ W; 
1969-2007), Christmas Island (2°00’ 
N, 157°18' W; 1972-2007) and South 
Pole (89°59’ S, 24°48’ W; 1958-
2008). Linear and exponential 
trends are shown separately in top 
and bottom figures for clarity. Data 
from http://cdiac.esd.oml.gov 
/trends/co2/sio-keel.html accessed 
in November 2011. Notation and 
reference for the method of 
calculation are the same as in 
Figure 1.11 

 

 

 

 

 

 

It is suggested on the basis of an analysis of oil prices by Hamilton (2011) that the 

period beginning with ~1974 marked the first oil shock and ending with ~1991 marked 

by the end of the cold war had many geopolitical and geoeconomic uncertainties and 

four recessions in US. Subdued investments inhibited increase in industrial emissions 

and the observed low in acceleration of atmospheric CO2 is the result. See Yajnik and 

Swathi (2012) for further information. 

K S Yajnik and P S Swathi 

 

1.4 Interannual Modulation in the Characteristics of the Climate Annual Cycle 

 
The interannual variations of a climate variable traditionally are the deviations from its long-term 

mean annual cycle (AC) -- known as the climatological AC (CAC). For its estimation, a monthly 

time series is grouped based on the calendar months. Then, for each calendar month, an 

average over the available years is performed to estimate the respective long-term mean. 

These (twelve) long-term means are then concatenated in the order of calendar months to form 

a CAC. The basic assumption here is that the characteristics of the AC do not change from one 

year to other. Considering the fact that ACs are the complex responses of a nonlinear system to 

the (nearly) periodic forcing from the Sun, this assumption is unlikely to be true. Therefore, in 

traditional anomalies, the year-to-year modulations in AC are superimposed on other true 

interannual modes like the El Nino-Southern Oscillation. This makes the separation of the 

http://cdiac.esd.oml.gov/trends/co2/sio-keel.html
http://cdiac.esd.oml.gov/trends/co2/sio-keel.html
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individual mode from this anomaly-Gazpacho tricky. In other words, interannual modulations 

uprooted from their base-mode (i.e., annual cycle) could irreparably modify the nature of true 

interannual modes. Some unnatural relationships among the modes may crop up while 

performing certain diagnostic analysis. We call these interannual modulations in AC  the Ghost 

of Annual Cycle (GAC). The issue of how to estimate such interannual modulations in the AC 

has been debated in the literature and is still an open question. This is performed, here, by 

employing a new methodology. A unique advantage of this method is that no assumption about 

 
Figure 1.13 Sixty three one-year segments of the modulated annual cycle of SST, plotted together in each 
panel to highlight their year-to-year changes in amplitude and frequency, successfully extracted using a 
novel method. The individual times series is area-averaged in the regions indicated on the top-left corner of 
each panel. 
 

either the distributions of original data or the model-fit errors is evoked. Moreover, most of the 

existing methods assume a stationary time series. In fact, this assumption is not true in reality 

and hence often violated. However, this serious limitation has been overcome in the method 

used here.  

 

The area-averaged time series of CAC plus GAC of observed sea surface temperature (ERSST 

V.3; http://www.ncdc.noaa.gov/ersst/) are shown in figure 1.13. Each panel contains sixty three 

one-year segments of modulated annual cycles and, by displaying them together, the changes 

in their characteristics can be easily detected. It is important note how well the gradual changes 

in the periods and amplitudes with respect to both the locations and years have been captured. 

This urges to one take serious note of GAC, rather than brushing it under the carpet of true 

interannual modes plus noise. Furthermore, it is evident that the GAC plays an important role in 

warming the world. 

Rameshan Kallummal 

http://www.ncdc.noaa.gov/ersst/
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1.5 A global Precursor of Indian Summer Monsoon-Extremes and El Nino-

Southern Oscillations 

The regional monsoons, the life line for the tropics, are i) the manifestations of seasonally 

migrating bands of convective systems driven by periodic solar forcing and ii) dynamically 

synchronized through a global scale overturning circulations. The characteristics of these 

convective systems are also significantly controlled by the SST mainly via its influence on the 

distribution of water vapor over the major part of the tropical ocean. Here, a common global 

precursor of both the year-to-year changes in Indian summer monsoon rainfall (ISMR) and El 

Nina-Southern Oscillations (ENSO) has been identified. The search for such a global precursor 

is not new and had started more than century ago by Blandford and Walker. In fact, this very 

quest had led to the discovery of Southern Oscillations (SO), “… a swaying of pressure on a big 

scale backwards and forwards between the Pacific Ocean and the Indian Ocean..”.  Since then, 

our understanding about the relationship between ISMR and SO (and its counterpart in the 

ocean: El Nino) has advanced quite a lot, yet we cannot rely on our present understanding 

completely, particularly as the world warms, to foretell the strength of the next ISMR.  

This new precursor manifests itself as intervals of global cooling and warming in sea surface 

temperature (SST). During the period considered (i.e., 1948 to 2010), there were 26 and 24 

such cooling and warming intervals (Figure 1.14) in SST. Nine out of eleven (82%) La Nina that  

occurred during the period have been in the cooling events, whereas nine out of twelve (75%) El 

Nino that occurred during the period have been in the warming periods (Figure 1.14). In 

addition, eleven out of fourteen (79%) ISMR-deficits have occurred during the warming stages 

of SST and six out of eight (75%) ISMR-excess have happened in the cooling stages of SST. 

This separation (La Nina and Excess ISMR vs. El Nino and deficit ISMR) is spontaneous.  

Within the period considered, there were three pairs of adjacent years (i.e., 1974-75, 1982-83, 

and 1987-88 ) during which a deficit-ISMR year was followed by an excess-ISMR year, two 

consecutive deficient years (1965-66 and 1986-87) and one consecutive excess years (1955 & 

1956). The present analysis suggests that a deficit-ISMR precedes an excess-ISMR when a 

warming event and a subsequent El Nino are followed by a cooling event and a subsequent La 

Nina. This is true in the cases of 1974-75, 1982-83, and 1987-88. The first set of two 

consecutive deficient years (i.e., 1965-66) occurred during a warming followed by a neutral 

phase which together lasted more than 18 months. The consecutive deficits of 1986-87 

occurred during a 24-month long warming phase which finally culminated into a cooling-phase 

in 1988. Note that the ISMR was in excess in 1988 and this is consistent with the conclusion 

from this study. However, the 1955-56 consecutive excess years are inconsistent with the noted 

tendency of excess-ISMR to occur in the cooling-phase. 

 There are years with prominent cooling and warming events in SST, but without the occurrence 

of anomalous ISMR and ENSO, i.e., years shown in black colours and with no suffix (panels c-f 

in Figure 1.14). Therefore, these cooling and warming episodes in the SST seem to be an 

intrinsic property of the coupled ocean-atmosphere system and neither the anomalous ISMR 
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Figure 1.14 Individual warm and cold events in SST (ERSST V.3; http://www.ncdc.noaa.gov/ersst/). The 
deficit, excess and normal Indian summer monsoon years are shown in red, green and back colours 
respectively. El Nino and La Nina years are suffix with ‘E’ and ‘L’ respectively. The red line marks beginning 
of the warming/cooling years and also the years of El Nino/La Nina. 

nor ENSO possibly have any direct role in their genesis. However, the cooling or warming rate 

could be modulated by the strengths of the ongoing ISMR and/or ENSO. In addition, these 

coherent cooling/warming events could facilitate the dynamical connections between ISMR and 

ENSO and enhance the chances of a good ISMR to be followed by La Nina and a bad ISMR by 

an El Nino.  

Rameshan Kallummal 

 

 

 

http://www.ncdc.noaa.gov/ersst/
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Climate and Environmental Modelling Programme 
 

A combination of observation network (COMoN), multi-scale modeling platform 

combining process models to meso-scale models to global circulation model, along 

with in-house development of algorithms and analyses continues to be the strategy 

and the strength of CEMP. It is one of the rare programmes where model 

development, applications, outreach and industrialization are combined in an 

interactive way. 

The unique nature of CEMP, and its importance, is brought out clearly in the white 

space mapping of research in climate change with reference to the world scenario. 

COMoN, with three years of smooth running, has provided unique and invaluable 

data for model calibration and validation as well as algorithm development, as 

outlined in this Report. 

Four students and scientists have submitted their doctoral thesis from CEMP this 

year; the current strength of doctoral students in CEMP is 06. 

 

Inside 
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2.1 Evaluation of Climate Models for Simulating Summer Monsoon  

The climate models show significant geographical variations in the quality of simulations of 

regional climate. Identification of climate models, which simulate observed features  in 

continental rainfall, therefore, is critical for reliable projections.  

We present here a quantitative comparison of the 

mean and standard deviation of the annual rainfall 

simulated over the continental India from 24 

coupled IPCC (AR4) and climate simulations by 

CSIR climate model with reference to the observed 

rainfall from IMD.  

The selection criteria defined as ±10% from the 

observed category, revealed that 9 out of 24 

models for CAT1 (mean vs. Standard deviation), 4 

out of 24 models for CAT2 (mean vs. change) and 

7 out of 24 models for CAT3 (SD vs. change) 

simulated within the defined range in the IPCC 

models (Figure 2.1). In addition to the CSIR 

climate model,  two IPCC climate models simulate 

the observed properties of mean, standard 

deviation and the change (Table 1). 

Table 2.1 Caption 

 

It may be seen that very few climate models fall into the box of allowed range of standard 

deviation (top panel, figure 2.1). Similarly, the changes indicated in the continental monsoon are 

rather large compared to those indicated by the CSIR climate model. 

K V Ramesh, K C Gouda and P Goswami 

 

CAT1 CAT2 CAT3 

bccr_bcm2_0 
cccma_cgcm3_1 
cccma_cgcm3_1_t63 
CSIR_v1 
gfdl_cm2_0 
ingv_echam4 
mpi_echam5 
mri_cgcm2_3_2a 
ncar_ccsm3_0 
 

gfdl_cm2_0 
CSIR_v1 
iap_fgoals1_0_g 
mpi_echam5 
 

CSIR_v1 
gfdl_cm2_0 
gfdl_cm2_1 
giss_aom 
giss_model_e_h 
mpi_echam5 
ukmo_hadcm3 
 

Figure 2.1 Inter comparision of observed land 

rainfall (IMD, blue) over India with IPCC AR4 

climate simulations along with CSIR climate 

Model (red). 
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2.2 Long-range, High-resolution Forecast of Summer Monsoon 2011  

 
As in the last several years, experimental long-range forecasts of monsoon, including date of 

onset based on conceptual and methodological frameworks developed at C-MMACS were 

generated and communicated before the season for objective post-forecast evaluation. 

 

Forecast of Date of Onset: The C-MMACS forecast of onset around 29th  May 2011 was 

according to the criteria of sustained, significant and large-scale rainfall in the model simulation. 

The announced DOM according to IMD is June 03, 2011.  

 

Forecast of Monthly and Seasonal Anomalies: The forecasts of monthly anomalies are made 

with respect  to the 25 year model mean for each member of a 5-member ensemble. The 

monthly and seasonal anomalies are expressed as percentage of the model (ensemble) mean. 

 

The distribution of anomalies in seasonal rainfall of (JJA) 2011 from NOAA CAMS Analysis (left 

panel) and C-MMACS long range forecasting (right panel) are presented in Figure 2.2.  

 

 

        
 

Figure 2.2  Comparison of distribution of rainfall anomalies of (JJA) 2011 from NOAA analysis (left panel) 
and C-MMACS long range forecasting (right panel). 
 

Comparison of spatial distribution of anomalies for June-August in C-MMACS forecasts and 

NOAA CAMS analysis for 2011 shows the two distributions to be in general agreement; in 

particular, both show excess over the west coast and deficit over the eastern coast. The C-

MMACS forecasts are among the very few long-range high-resolution forecasts of monsoon. 

 

K C Gouda and P Goswami 

 

 

NOAA CAMS Analysis (JJA)                                             C-MMACS Forecast (JJA) 
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2.3 Multi-Season Evaluation of Hobli-level Rainfall Forecasts over Karnataka. 
 

Advance and accurate forecasts of rainfall can aid many sectors, from agriculture to disaster 

mitigation. However, for effective application, such forecasts must be at relevant spatial scales 

and resolution. It is recognized that scientific inputs like 

region-specific customization, are necessary for 

improvement of the current level of skill in high-resolution 

forecasting. While non-uniqueness in the construction of 

models poses challenges, they also provide avenues for 

improving model configuration for specific regions.  

 

To develop a forecast platform for advance and accurate 

rainfall forecast at high resolution through interactive 

evaluation, CSIR C-MMACS and Karnataka State Natural 

Disaster Monitoring Centre (KSNDMC, Govt. of 

Karnataka) have embarked upon a program aimed at 

generating rainfall forecasts at the hobli-level (a cluster of 

villages; ~ 10 Km). World over, dynamical meso-scale 

forecasting is an evolving technology, with many 

challenges. The challenges grow as the spatial scale of 

the forecast is reduced. We have used a state-of-the-art 

meso-scale  model (Weather Research and Forecasting; 

WRF), calibrated over Karnataka using methodologies 

developed  at   C-MMACS and elsewhere. The forecasts 

are generated using the C-MMACS High-Performance 

Computing Platform, and issued twice daily. 

 

Here we present an evaluation of real-time 24-h 

quantitative precipitation forecasts at hobli-level over 

Karnataka for two monsoon seasons as well as for the 

year 2012 in terms of statistical evaluation of the 

forecasts against observations from the telemetric rain-

gauge network of KSNDMC.  

 

It is clear from the success/hit rate (percentage of 

successful forecast) for various seasons (Figure 2.3) 

that the model skill in rainfall prediction is useful. More 

than half of the total hoblis show success rate above 90% for all the seasons. At the same time, 

certain areas of systematic bias are identified for further calibration to improve forecast skill over 

these areas. With the assimilation of more observations such as CSIR network tower data, the 

model skill is expected to improve.  

V Rakesh and P Goswami 

South-west 

Monsoon 

North-east 

Monsoon  

Annual mean  

Figure 2.3 Success/Hit Rate of C-MMACS 
Hobli-level Forecast (%) for different 
season. The numbers in bracket shows 

number of hoblis in each range. 
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2.4 Modelling of Soil Moisture with Multi-Scale, Multi-Site Validation  
 
Soil moisture is one of the key variables which 

control the exchange of water vapor and heat flux 

between land surface and the atmosphere through 

evaporation and plant transpiration. Soil moisture 

plays an important role in various hydrological 

processes acting over a range of spatio-temporal 

scales, like partitioning of rainfall into infiltration 

and runoff. Soil moisture also has significant 

impact on the dynamics of the atmospheric 

boundary layer and plays an important  role in 

hydrologic modelling, weather forecasting, and 

regional climate. Multi scale analysis of soil 

moisture can explain how much variation due to 

small scale, short term influences and how much is 

due to large scale, long term influences. This 

knowledge is critical for understanding how well a 

land surface model can be expected to perform 

when attempting to reproduce soil moisture data. 

We present here a dynamical model and its 

validation over different locations. 

 

The model is based on a numerical solution of 

modified form of the Richard’s equation using the 

assumption that air phase plays an insignificant 

role in the liquid flow process and that water flow 

due to thermal gradients can be neglected. The 

model requires the initial distribution of the soil 

moisture within the flow domain. 

Evapotranspiration plays an important role on 

controlling the soil moisture; the model uses the 

FAO recommended Penman-Monteith combined 

equation to calculate the evapotranspiration 

variability. 

 

Validation is carried out against the volumetric water content (VWC) measurements from 

COMoN observations, with volumetric water content measured at half-hour time interval by 

Campbell scientific water content reflectometer (CS616). The model simulations, at different 

time scales (Hourly, daily, weekly, monthly) and over different agro-climatic regions, show good 

agreement with observations( Fig 2.4) 

Kantha Rao  B, P Goswami 

 

Figure 2.4 Comparison of model simulated soil 
moisture (1cm depth) with in-situ observations 
(CSIR-COMoN) over different agro-climatic 
regions in India at weekly time scale with 
concurrent rainfall episodes. Simulations over 
different regions are good agreement with 
observations. 
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2.5 Air Quality Simulation driven by Dynamical Atmospheric Forecasts  
 

Concentrations of atmospheric pollutants are strongly 

influenced by meteorological parameters like rainfall, 

relative humidity and wind advection. Thus accurate 

specifications of the meteorological fields, and their 

effects on pollutants, are critical requirements for 

successful modelling of air pollution. We have 

developed and validated a dynamical model for Delhi 

air basis using NCEP Reanalysis as benchmarks. An 

important question is the quality of the air pollution 

simulation with meteorological fields from forecasts, 

since the meteorological fields on the primary drivers 

of concentrations, an important question is application-

specific model configuration for meteorological 

simulations. While a meso-scale model provides a 

high-resolution configuration, a global model allows 

better simulation of large-sale fields through its global 

environment.  We have considered  a meso-scale 

atmospheric model (MM5) and an atmospheric global 

circulation model (AGCM) to generate the 

meteorological fields to drive our air pollution model,   

different species of pollutants over different airbasins. 

We present a dynamical model for daily values of 

three pollutants over four locations: ITO (Central 

Delhi), Sirifort (South Delhi), Bandra (Mumbai) and 

Karve Road (Pune).  

 

A comparison of monthly average values of the three 

pollutants RSPM, SO2 and NO2 for the two 

simulations over Bandra (Mumbai) for the year 2010 

shows( Figure 2.5) both models to have good skill; as 

expected,  the AGCM is less successful than MM5 in 

generating the observed concentrations. The improvement due to use of MM5-generated fields 

is prominent as reflected by the average error over 12 months (numbers within brackets). The 

concentrations of RSPM are lower during monsoon months and higher in winter months as 

expected; however, a similar seasonal variation is also noticed in NO2 over Bandra (Mumbai) 

(Figure 2.5, bottom panels). Although the location exhibits distinct observed seasonal cycle, the 

simulations reproduce them reasonably well.                                                                                                        

 P Goswami and J Baruah 
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Figure 2.5 Monthly load of different pollutants 
over Bandra (Mumbai) for 2010. The 
meteorological data are taken from AGCM and 
MM5 models. The numbers in the brackets 
represent the average error between 12 values 
of observation and prediction. The observed 
data is from Maharashtra Pollution Control 
Board (MPCB). 
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2.6 Forecast experiment of Bay of Bengal Cyclones using Mesoscale Models 
 

A tropical cyclone in the Bay of Bengal (BOB) is a major natural disaster; an important issue is 

the identification of appropriate model configuration for forecasting these events. Here we 

present an inter-comparison of cyclones simulated by two meso-scale models: MM5 and WRF, 

each with three domains (5 km, 15 km and 45 km). We have simulated 10 cyclones during the 

period 1999-2010 using the two meso-scale models. The performance of the model has been 

studied using the optimized parameterization schemes and model configuration for better 

prediction of BOB cyclones. 

 

 

 
Figure 2.6  Comparison of Pressure and Wind fields during the AILA Cyclone Simulated from 5 km resolution 
MM5 (left panels) and WRF (right panels) at 00 hours (top panels) and 06 hours on 25th May 2009. 

 
A comparison of the simulated fields of surface pressure and low-level vector winds obtained 

from MM5 (left panels, Fig 2.6) and WRF ( right panels, Fig 2.6) for the cyclone Aila during 23-

27 May, 2009 shows the cyclonic structure in both simulation. The upper (lower) panel 

represents the simulation at 00 (06) hour of 25 th May 2009. While both the models simulate the 

cyclonic structure, it is found that WRF simulation gives comparatively lower error than MM5 

simulations.  

 

These studies are aimed at identifying and developing optimum model configurations for 

forecasting tropical cyclones. 

G N Mohapatra, K C Gouda and P Goswami 
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2.7 Model configuration for simulation of Tropical cyclone 

 
Currently, limited area models (LAM) are the most popular tools for simulating and forecasting 

mesoscale systems like tropical cyclones. One of the main strengths of LAM is their ability to 

allow the very high spatial resolution necessary to resolve mesoscale dynamics, several studies 

have shown the importance of horizontal resolution in improving forecast skill of atmospheric 

models which have motivated the use of very high resolution simulations with LAM. A necessary 

compromise for such high horizontal resolution, however, is a limited (non-global) numerical 

domain of integration. The impact of domain size on mesoscale simulations is expected to be 

nonlinear and non-trivial. However, while the role of convective parameterization in the quality of 

cyclone simulation has been well recognized, the role of meso-scale domain has not been 

studied in depth. The purpose of the present study is to quantify the relative roles of domain size 

and parameterizations schemes in simulation of 10 cyclones over the Bay of Bengal, chosen to 

represent different years, seasons and intensity. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2.7 Top Panel :Maximum intensity (maximum wind at 850hPa) error averaged over latitude and 
longitude for 10 cases during the duration of the events. All the simulations were carried out with the initial 
conditions for 48hour extracted from NCEP FNL 06 hour. Bottom Panel: Estimated time average track 
error(km) with parameterization scheme GRL for five domains in different hours for 10 cases. 

 
The simulations indicate that the skill of the forecasts both in terms of intensity and track depend 

as much as on domain size as on the choice of parameterization; further, certain domains     

(such as D2 above) produce more skillful forecasts than others.      
 

G N Mohapatra and P Goswami 
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2.8 Optimization of Model Configuration for Mesoscale Simulation 

 
An ongoing effort at C-MMACS is to customize and optimize model configurations for improved 

forecast and simulation. Earlier results from C-MMACS have shown that  optimization of domain 

size and coverage can significantly improve model skill. One crucial issue is whether these 

results are valid for different convective parameterization schemes, since the parameterizations 

schemes are themselves sensitive to model’s grid spacing. The present study shows that the 

results are valid for other choice of parameterization schemes.   

 

Sensitivity of the model results are 

examined in the context of the heavy rainfall 

event during July 26-27, 2005 over west 

coast of India (Mumbai) with a recorded 

rainfall of 94-cm in 24-hours. For each of 

two parameterization schemes, three 

simulations (single domain) were carried 

out with three different domains (D3, D4, 

and D5) of varying geographical extents. All 

the domains have same longitudinal extant 

(48E to 112E). The latitudinal extant of 

domains are; D3 (66N-62.6), D4 (7.9N-

37.5N) and D5 (3.5N-26.5N). Horizontal 

resolution of the model was fixed at 30-km.  

 

For each of the domains mentioned above, 

the model was integrated for 5 days 

beginning from 00UTC, 24th July 2005. 

Global Tropospheric Analysis 1ox1o degree 

data (NCEP/NCAR) was used to generate 

initial and lateral boundary conditions 

including SST fields (monthly climatology). 

Terrestrial data includes terrain 

elevation(30-minute), Land-use (USGS-24 

Category 30 minute), vegetation fraction (10 

minute).  

 

The simulations show the 30-hour accumulated rainfall (in cm)  or the three domains (D3, D4 

and D5) for two convective parameterizations: Grell scheme (left panel) and the Anthes-Kuo 

scheme (right panels). Significant variation in the intensity and distribution of precipitation field  

is evident for the two schemes.  It is clear, however, that domain dependence is not specific to 

the choice of parameterization; thus the choice of the model domain and optimization of model 

configuration is an important component of simulation design. 

S.Himesh and P Goswami 

Figure 2.8 Distribution of 30- hour accumulated rain for 
domains D3, D4 and D5 from top) - over event location 
Mumbai. The left panel is for Grell and the right panel is 
for Anthes-Kuo convective parameterization scheme; 
domains are of 30-km resolution. 
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2.9 High Resolution Simulation of Cloud System during Cyclone Nargis  
 

While intensity and track are very important parameters for assessing damage potential of a 

tropical cyclone, associated weather systems like clouds and rainfall are also critical. However, 

relatively less attention has been given to simulation of these parameters. One of the reasons 

for this is the stringent requirements like very high resolution for simulating these processes. 

C-MMACS has developed and optimized a high-resolution meso-scale forecast platform based 

on the meso-scale non-hydrostatic model (NHM) developed at MRI, Japan. The model can 

simulate processes like cloud coverage and cloud height associated with cyclonic storms. The 

present study was designed to simulate cloud covers associated with the cyclone Nargis. 

 

 

 

 

 

 
Figure 2.9  Comparison of cloud cover derived from MODIS (left) and NHM Model during Nargis Cyclone 
 

Cyclone Nargis made landfall in the southwestern part of Myanmar on 2nd May 2008, leading to 

huge loss of life and property. This cyclone formed in the Bay of Bengal (BOB) on 27 April 2008 

and moved eastward while developing rapidly. The simulations were carried out with a 

horizontal resolution of 20 km, covering the BOB and its surrounding area. Hybrid-vertical 

coordinates with 40 stretched levels are considered in the model. 

 

The simulations capture the intensity and pressure drop accurately with a mean track error of 

about 80 km. (not shown). The simulations also capture the cloud well; a comparison of total 

cloud amount derived from observations (MODIS) and simulation model (figure 1) shows good 

agreement. 

K C Gouda, G N Mohapatra and P Goswami 

 

2.10 Simulation of Urban Weather with Assimilation of CSIR Comon Observations  

 
A continuing difficulty in improving numerical forecast is for quality of the initial analysis. The 

need of a high resolution analysis is particularly important forecasting urban weather since the 

effect of urban heating and local convection may not be represented properly in a coarse 
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resolution analysis. Improvement of  quality of the initial condition can be achieved only by 

assimilating mesoscale observations of very high resolution. The major problem in achieving 

this for the Indian cities in the past was the lack of a mesoscale observational network.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 2.10  Improvement parameter (percentage improvement in experiment forecast with respect to control 
(No assimilation) simulation) in forecasted temperature (left panel) and wind speed (right panel) against 
forecast time (hours) for different cases over NPL. The numbers in bracket shows the average value for all 
the time period for temperature and wind speed respectively. 
 

For the first time in India, CSIR has established a series of meteorological towers over the urban 

cities of India which provides meteorological observations on a regular basis. In this study we 

have made use of the mesoscale network observations set for the urban city Delhi in the three 

dimensional variational (3D-Var) assimilation scheme of Advanced Weather Research and 

Forecasting (WRF) model. Assimilation experiments were conducted for selected rainy and non-

rainy events over  Delhi during the year 2010.  

 

The improvement parameter (percentage improvement in experiment forecast with respect to 

control (No assimilation) simulation) in Figure 2.10 shows that assimilation of COMoN data 

significantly impacted forecasts in most cases. The highest positive impact is seen for combined 

assimilation of data from all the COMoN towers.   

 

V Rakesh and P Goswami 

 

2.11 Dynamical Fog Forecasting: Summary of Performance, 2009-2012 
 
Fog continues to be a high-impact weather event, especially in terms of its impact on air traffic. 

Advance and accurate forecasting of fog over locations like airport can be very useful. C-
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MMACS had developed a dynamical fog forecast model that was transferred to India 

Meteorological Department (IMD) for incorporation to the national weather service. Parallally, 

efforts have been made to improve the skill and the scope of the forecast model. Here we 

present the skill of the fog forecasts for the winter seasons of 2009-2012. 

 

Our methodology here is to evaluate the model for simulation of hourly visibility over IGIA, Delhi 

against the hourly observed values for visibility recorded at IGIA in terms of distribution of errors 

in onset hours, duration hours and intensity of visibility. 24 hours advance prediction has been 

done by interfacing the prognostic model with the MM5 forecasts of the meteorological field at 

10 km resolution for the domain of interest. Skill in 24 hours visibility prediction is also examined 

through its capability of predicting the extreme fog events as well as average error (| predicted- 

observed|) in visibility intensity.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
Figure 2.11  Histogram of error showing percentage of hours in different error bins (predicted-observed|) for 
the six winter     
 

Histogram of errors (Figure 2.11) showing the number of percentage of hours in different error 

bins (visibility in meters) is presented for the three winter seasons spanning Dec-Jan (2009-

2012). 

S Sarkar and P Goswami 

 

December 2009

0

10

20

30

40

50

60

>-500 (-500

to -

300)

(-300

to -

100)

(-100

to -50)

(-50 to

50)

(50 to

100)

(100

to

300)

(300

to

500)

(>500)

%
 i
n

 h
o

u
rs

MM5

OBS

December 2010

0

10

20

30

40

50

60

>-500 (-500

to -

300)

(-300

to -

100)

(-100

to -50)

(-50 to

50)

(50 to

100)

(100

to

300)

(300

to

500)

(>500)

%
 i
n

 h
o

u
rs

MM5

OBS

December 2011

0

10

20

30

40

50

60

>-500 (-500

to -

300)

(-300

to -

100)

(-100

to -

50)

(-50

to 50)

(50 to

100)

(100

to

300)

(300

to

500)

(>500)

%
 i
n

 h
o

u
rs

 

MM5

OBS

January 2010

0

10

20

30

40

50

60

>-500 (-500

to -

300)

(-300

to -

100)

(-100

to -50)

(-50 to

50)

(50 to

100)

(100

to

300)

(300

to

500)

(>500)

%
 i
n

 h
o

u
rs

MM5

OBS

January 2011

0

10

20

30

40

50

60

>-500 (-500

to -

300)

(-300

to -

100)

(-100

to -50)

(-50 to

50)

(50 to

100)

(100

to

300)

(300

to

500)

(>500)

%
 i
n

 h
o

u
rs

MM5

OBS

January 2012

0

10

20

30

40

50

60

>-500 (-500

to -

300)

(-300

to -

100)

(-100

to -50)

(-50 to

50)

(50 to

100)

(100

to

300)

(300

to

500)

(>500)

%
 i
n

 h
o

u
rs

MM5

OBS



26 

 

2.12 Non-linear Bias Correction for Improved Forecasting of Cyclone Tracks. 
 

Although cyclones are relatively rare over the north Indian Ocean, they have large damage 

potential; early and accurate forecasting of track of tropical cyclones is thus a primary 

requirement for pro-active disaster mitigation over this area. However, usefulness of track 

forecasts diminishes rapidly with error due to under warning and over warning costs. We 

present a methodology combining a global 

circulation model with objective debiasing to 

obtain improvement on skill in forecasting track 

over the north Indian Ocean. The raw forecasts 

(hindcasts) are generated using a variable 

resolution global circulation model in a 

completely operational setting; this model has 

been tested for simulation of cyclones over the 

Bay of Bengal. 
 

With the debiasing parameters obtained from  

training set of 15 cases (1990-1996), the 

algorithm has been evaluated for two 

independent sets of fifteen (1997-2005) and 6 

(2006-2009) cases of storms and cyclones for 

different locations, seasons and years.  

A comparison in terms of average absolute 

error (Km) of the present method with 

climatological forecasts and linear regression 

model with the raw forecasts shows the 

debiased forecasts to have consistently 

superior performance at all forecast hours 

(Figure 2.12). A comparison in terms of 

average absolute error (Km) for DFR 

(Debiased Forecasts) with standard error 

from a number of operational agencies 

(figure 2.13) shows that while for 12-hour 

forecast, the DFR forecasts are less skillful 

than most of these operational forecasts, for 

24-hour forecasts DFR is superior to all the 

other except ECMWF for which the skills are 

comparable. At other forecast hours, the 

DFR forecast have generally better skill. In 

particular, the average error over the 12 to 

72 hour forecasts is the lowest for DFR.  

 

Swapan Mallick & Prashant Goswami 

Figure 2.13 A comparison of average absolute error 
(Km) for debiased forecasts (DFR) with the standard 
error from various operational agencies; European 
Centre for Medium-Range Weather Forecasts 
(ECMWF), Global Forecasting System (GFS), Japan 
Meteorological Agency (JMA) and India 
Meteorological Department (IMD) at different forecast 
hour. The numbers in the panel respectively 
represents the averaged forecasts error (Km) up to 
72-hour for the corresponding case. 

Figure 2.12 A comparison of  average absolute 
error (Km) for non-linear Debiasing Forecasts 
(DFR), Raw Forecasts (RF), Climatological 
Forecasts (CLT) and Linear Regression Model 
(LRM). The numbers in the panel respectively 
represents the averaged forecasts error (Km) up 
to 72-hour for the corresponding cases. 
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2.13 Critical Population load for Agricultural Self–Sustainability  

 

Food sustainability for most countries, of 

course, is primarily determined by agriculture; 

thus, the concept and measure of agricultural 

sustainability have gained considerable 

attention in the recent years. The actual 

demand for food needs to take into account 

variety, nutritional requirements as well as a 

number of other factors. Similarly, the available 

food depends not only on domestic production 

from various sources but also on import and 

reserve. However, agricultural self-

sustainability, defined as a condition in which 

the entire minimum food requirement of a 

people is producible from agriculture based on 

total arable land, can provide a good and 

quantitative measure of food sustainability. 

Agricultural self-sustainability is going to be 

increasingly more relevant as external sources 

become increasingly less effective due to 

worldwide saturation in arable land and 

agricultural productivity coupled with increasing 

demand on land for non-agricultural activities. 

 

 The food requirement of a people itself is a 

complex function, with varying requirements of 

different food type depending on the people. 

However, an equivalent agricultural production may be defined to represent the total food 

requirement. The available food depends on the total agricultural production as well as on 

minimum resources (seed, land, fertilizers, irrigation and machinery).  

 

We present a dynamical model for agricultural self-sustainability; in the optimistic scenario, it is 

assumed that the people were otherwise wealthy to support costs like irrigation and fertilizer, 

transport and irrigation, and thus the entire agricultural products will be available for food. The 

model is first calibrated and validated against observed data; the validated model is then applied 

to India to determine the population load that can support agricultural self-sustainability under 

different scenarios of climate change and socio-economic conditions; a number of population 

growth scenarios are considered to estimate the time of emergence of loss of agricultural self -

sustainability. The model is also used to assess technology demand for mitigation in terms of 

productivity required to maintain agricultural self-sustainability. 

                 

   Shiv Narayan Nishad & Prashant Goswami   

Figure 2.14 Represents the loss of agricultural 

sustainability index in the difference scenarios of 

population with climate change (% change in all-

India annual rainfall) and socio-economic change 

(per capita food consumption) for India. The 

horizontal dotted dash line represents the state of 

sustainability (sustainability >1.0). 
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2.14 Assessment (White space mapping) of Indian Effort in Climate Research 

Periodic and quantitative assessment of research activities in a given area is an essential step 

to ensure identification of priority and niche areas in research; White-space, borrowed from 

spectrum analysis, in this context refers to areas of research (frequency bands) that  are less 

explored. Thus white space mapping or analysis identifies relative strength of research, and  

enable us to uncover opportunities that are not obvious or less explored. 

 

A quantitative measure of status of research in a country is  its SCI research publications; 

to define an unbiased  mesure among  different countries, we normalize the number of research 

publications by respective GDP values. The publication data for different countries is obtained 

from web of knowledge; the GDP values (USD) are obtained from the World Bank data portal. 

 

For this analysis we define climate change  research in a broad sense includes the strings 

“climate change “ or “global warming” or “environmental change”.  For the sub classifications we 

search for the string  “Climate change research” and “ sub research area” as shown in the 

Figure 2.15. Based on the data, the countries are classified as three categories: well engaged 

(> 25 per 100 billionUSD; green colour) and less engaged  (< 25 publication; White colour); red 

color indicates no data.  

 

 

 

 

 

 

 

 

 

 

Figure 2.15 White space mapping: Countriwise distribution and number of  SCI publications in climate 
change as a function of Grosss domestic product. The countries have 25 publications per 100 billion USD is 
shaded with green and others are shown in white. 

The geographical distribution of research publications by individual countries in the respective 

domain and subdomain of research (Figure 2.15) clearly reveals the less-engaged countries in 

research in climate change as India, Pakistan, Afkanistan and north African countries. 

 

K V Ramesh and P Goswami 
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2.15 Impact of weather on biomass and yields of Javacitronella  
 
Weather variables affect vegetative growth as well as other crop processes; quantitative 

identification of these relations is critical for developing crop-weather models for various 

applications. While considerable attention has been paid to impact of weather on crops like rice, 

not much is known about relation between weather variable and secondary metabolites such as 

in medicinal and aromatic plants; here we outline some findings on Java citronella. 

 

Java citronella is a commercially important aromatic plant and the essential oil obtained by 

steam distillation of its herb is widely used in perfume industry and in the manufacture of 

mosquito repellent formulations. Weather plays a crucial role in the production of secondary 

metabolites which constitute its essential oil. The data collected over a period of  fifteen years 

(1980-1995) has shown that the rainfall and, biomass and, essential oil yields of Java citronella 

(Cymbopogon winterianus Jowitt) were strongly correlated (r = 0.72 and 0.70 respectively) 

(figure 2.16) 

 

 

 

 

 

 

 

  

 
 

Figure 2.16 The relation between rainfall and yields of biomass and essential oil for Javacitronella 

 
The relation between yields of biomass and essential oil with temperature is weak (r = 0.04 and 

0.07 respectively) (Figure.2.17) 

 

 

 

 

 

 

 

 

 

 
 
Figure.2.17 Relation between temperature and yields of biomass and essential oil for Javacitronella 
 

These analyses will provide important inputs and constraints in developing crop-climate models 

for different species. 

E V S P Rao and P Goswami 
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COMPUTATIONAL MECHANICS 

The group is working on a number of areas of interest to the computational mechanics 

community. It has been shown that fluid-filled carbon nanotubes show an instability in 

vibration behavior for all vibrational modes & frequencies. From the vibrational analysis of 

carbon nanocones it is clear that the apex angle can affect structural equilibrium. We have 

extended the standard homotopy analysis method by adding an additional term. We have 

demonstrated convergence for a number of test problems and have shown that an 

improvement is obtained with little additional effort. We have developed numerical 

solutions for the dynamics and rheology of periodically forced suspension of spheres in a 

number of flow situations. We have shown that these solutions can be approximated by 

analytical solutions. The motion of the particle is seen to be reversed when we change the 

signs of the parameters in the problem. 
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3.1 Vibrational Modes of Single-Walled and Double-Walled Carbon Nanocones  
 

Carbon Nanocones (CNC) are made up of carbon atoms in canonical form and defined by their 

apex angles. These apex angle values are experimentally verified for few cases. Recently  

vibration studies have been carried out using molecular simulation. We have analysed the CNC 

using finite elements to study the vibrational characteristics of single-walled and double-walled 

carbon nanotubes. Two different boundary conditions like clamped-clamped and clamped free 

have been imposed to study  various mode shapes.The first five mode shapes have been plotted 

in figure 3.1 & figure 3.2 for SWCNC and DWCNC. 

 

 

                 

 

 

 

 

 

 

 

 

 

 

                 
                 Mode Shape 1         Mode Shape 2             Mode Shape 3        Mode Shape 4         Mode Shape 5 

 
Figure 3.1  Mode Shape of Single-walled fixed-fixed CNC with disclination angle 120 (Apex angle 83.6) 
 

            

   

 

 

 

 

 

 

 

 

 

 

 
        Mode Shape 1          Mode Shape 2         Mode Shape 3            Mode Shape 4           Mode Shape 5 
 
Figure 3.2  Mode Shape of Double-walled fixed-fixed CNC with disclination angle 120 (Apex angle 83.6) 

 
 

V Senthilkumar and D Sangamesh  
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3.2 Thermal Effect on Vibration Analysis of Carbon Nanotube Conveying 

Fluid 
 

The classical continuum theory cannot predict the effect of vibration frequency at nanoscale for  

nanotubes filled with fluid. So the nonlocal continuum elasticity theory has been used with a 

consistent equation of motion to derive the mathematical model including the temperature effect. 

The temperature effect on vibration frequency of carbon nanotube filled with fluid has been 

investigated. In the present analysis the nonlocal elasticity theory is implemented with the 

temperature effect. A semi-analytical method is used to evaluate the frequency. Using 

MATHEMATICA, symbolic computations have been carried out to analyze the thermal effect on 

vibration frequency. The present Semi-Analytical frequency has very good agreement with the  

analytical solution because of its fast convergence and accuracy.  

 

Further this technique produces a large 

number of simultaneous equations for 

the convergence of the solution. In this 

analysis dimensionless frequency of 

the pipe for the various dimensionless 

flow velocities has been investigated. 

Further the nanoscale effect with the 

change of temperature has been 

studied for a simply supported carbon 

nanotube. From  Figure 3.3 it is very 

clear that the increase of temperature 

decreases the frequency for the 

nonlocal parameter value of 0.1. In the 

absence of temperature, the influence 

of nonlocal parameter shows similar 

results to the case of simply supported 

nanotube. Further the absence of 

nonlocal parameter and temperature 

yield the classical continuum frequency for the nanotube. The accuracy and efficiency of this 

present method gives confidence in using numerical methods for the vibration analysis of carbon 

nanotubes conveying fluid with nonlocal effect and thermal effect.  

 

V Senthilkumar, S C Pradhan* and G Prathap# 

* IITK, # CSIR NISCAIR 

 

3.3 Classification of the Rheology and Dynamics of Fluid-Particle Suspensions 
 

The rheological properties of suspensions are important in design and in processes in many 

industries (e.g., suspension coating and slurry transport, chemical process industries), biological 

processes and in nature. At the early stage of investigation most attention was paid to 

Figure 3.3  Effect of temperature over frequency with 
nonlocal parameter value 0.1 
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understand viscous suspensions at low particle Reynolds numbers and at dilute particle 

concentrations. We present a brief survey of different states of particulate suspensions such as 

jamming, shear thinning, and shear thickening where, parameters characterizing the 

macroscopic rheological behavior are largely independent of time but are a function of 

experimentally controlled parameters such as a constant shear rate. 

 

The behavior of suspensions consisting of particles ranging from spherical to non-spherical, and 

concentrations ranging from dilute to concentrated, have been reviewed. The effect of 

polydispersity on the suspension rheology has also been described. A brief description of chaotic 

rheological behavior and the corresponding micro-dynamical behavior of suspensions in terms of 

particle orientation distributions have also been described. 

 

 

 

 
 

 

 
 

 

 

 
 

 

 
 

Figure 3.4 (a) Relative viscosity of the suspension at different solid volume fraction. (b) Non-equilibrium phase 
diagram depicting the shear-thickening regime at different solid volume fraction; Drawn with data available in 
the literature. 

 
For suspensions containing non spherical or deformable particles non-Newtonian rheological 

behavior mainly originates from orientation and stretching but in the case of suspensions 

containing hard spheres, non-Newtonian behavior at moderately high concentration originates 

from the anisotropic microstructure, which refers to the relative position and the orientation of the 

constituent particles and is generally expressed in terms of the radial distribution function. We 

show the effect of steady shear on the microstructure and its impact on the rheology of a 

suspension. In case of suspensions containing non-spherical particles the unsteady behavior of 

particle orientation under external forcing and the corresponding rheological behavior have been 

discussed.  

 

Partha  S  Goswami and T  R  Ramamohan 
 

3.4 Lattice Boltzmann method for simulating complex fluid flow 
 

The kinetic-theory based Lattice Boltzmann method (LBM) is a promising alternative CFD 

approach for simulations of complex fluid flows. LBM describes fluid flow in terms of a discrete 

  

(a) (b) 
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kinetic equation based on particle density distribution functions, known as the Lattice Boltzmann 

equation (LBE). The macroscopic flow properties are derived from the moments of these particle 

distribution functions. At the hydrodynamic limit it has been shown by the Chapman-Enskog 

expansion that the LBE recovers the Navier-Stokes equations. Recently it has been 

demonstrated that through a moment expansion procedure, LBE can be extended to describe 

fluid dynamics beyond the Navier-Stokes description.  

 

As per the initiative taken up to develop software modules using the Lattice Boltzmann Method 

(LBM) to study the behaviour of complex-fluids such as fluid-particle suspensions, flow through 

deformable surfaces etc, with a long term objective to develop multipurpose software based on 

Lattice Boltzmann methods for solving fluid flow and heat transfer problems in engineering and 

bio-fluidics applications the following modules have been developed and numerical benchmarks 

have been presented. 

 

Flow around a circular cylinder: 

One of the advantages of the lattice Boltzmann method is the capability of treating complex 

geometries easily as the enforcement of boundary conditions in LBM is conceptually 

straightforward a simple particle bounce-back process on the solid boundary reverses all particle 

momentums such that the no-slip boundary condition is realized. Many LBM boundary schemes 

have been developed very recently.  

 

 

 
 
 
 
 
 
 

 
 

 

 

 

Figure 3.5 The instantaneous velocity field for Reynolds number=100; (a) after 80 iterations; (b) after 8000 
iterations. 

 

The simulation of flow around a circular cylinder is a benchmark for evaluating numerical 

methods. It has a simple curved geometry, yet very complex physical phenomena. At different 

ranges of Reynolds numbers, nonlinear flow behavior such as flow separation on the curved 

surface, wake formation and vortex shedding phenomena characterize the flow (Figure 3.5). 

 

Lattice Boltzmann model for simulating flows with immiscible phases:  

Multiphase flows are very frequently encountered in industrial processes. There are many 

difficulties in numerically simulating multiphase fluids or immiscible fluids with conventional 

 

 

(a) (b) 
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methods. Not only different phases may merge, separate or break, they may also change from 

one phase to another during a phase transition process. These flows include, for example, a flow 

of water and vapor mixture or an oil and water mixture.  

 

Here we present the time evolution of the phase separation of two immiscible fluids with different 

mass densities at constant temperature (Figure 3.6). 

 

 

 

 

 

 
 
 
 
 
 
 
 
 
Figure 3.6 Time evolution of fluid-1 density distribution; (a) after 100 iterations and (b) after 1000 iterations. 
 
Simulations of Rayleigh–Benard convection: 

Rayleigh–Benard convection is a flow driven by fluid expansion and gravity effects. In this type of 

flow a natural convection problem, the initially static flow is heated from the bottom boundary, 

and a lower temperature is maintained at the upper wall. Additionally, a vertical gravitational force 

is applied to the computational domain. As the temperature difference between upper and bottom 

boundaries is increased, the stationary conduction state  

 

 

 

 

 

 
 
 
 
 
 
Figure 3.7  Fluid velocity and temperature contour; (a) after 1000 and (b) after 20000 iterations. 

 

becomes unstable by any small disturbance. Here we present the temperature and velocity 

contours for 2D Rayleigh–Benard convection simulation for Prandtl number=1.0 and Rayleigh 

number=20000 (Figure 3.7). 

 

Partha S Goswami and T R Ramamohan 
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3.5 Turbulent Particle-Gas Suspensions 

 

Particle laden turbulent flows find applications in many industrial processes such as energy 

conversion, air pollution control etc. In these types of flows, there is strong coupling between the 

turbulent fluctuations in the fluid velocity fields, and the fluctuating velocities of the particles. The 

fluctuating force model (Langevin type) is developed and applied to the turbulent flow of a gas-

particle suspension in a channel in the limit of high Stokes number, where the particle relaxation 

time is large compared to the fluid correlation time, and low particle Reynolds number where the 

Stokes drag law can be used to describe the interaction between the particles and fluid. The 

results of the fluctuating force model have been compared with experimental results. 

 

For experiments carried out at a low volume fraction of 9.15 ×10−5, it is found that the gas phase 

turbulence is not significantly modified by the presence of particles. Due to this, a quantitative 

agreement is obtained between the results of experiments and fluctuating force simulations 

(FFS) for the mean velocity and the root mean square of the fluctuating velocity.  At a much 

higher particle volume fraction where the particle loading is 1.7, it is found that the gas phase 

turbulent intensity becomes more than an order of magnitude higher than the unladen fluid case. 

Therefore, we incorporate the modified fluid phase intensity in the fluctuating force simulations. 

The modified diffusion coefficients in the model involve the mean square of the fluid velocity 

fluctuations, as well as the integral time scale for the fluid. The former were taken directly from 

experiments, but we did not have access to the latter, and so we assumed that the integral time 

scale was the same as the unladen flow.   

 

 

 
 
 
       

 

 

 

 

 

 

 

 

 

 

 

 
Figure 3.8  (a) Mean streamwise velocity of the particle at different wall normal postion of the channel from 
experiment and fluctuating force model. (•) mean particle velocity Vx  , experiment; (♦), mean air velocity Ux  , 
experiment; (-×-), Ux, FFS; (–), Vx, en=et=1.0; (–.–), Vx, en=1.0,et=0.7. (b) Intensity of particle phase velocity 
fluctuation at different wall normal position in a channel; (•), streamwise r.m.s, experiment; (o), wall normal 
r.m.s, experiment; (–×), stream wise r.m.s, FFS; (–), wall normal r.m.s, FFS. 
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In carrying out such a modification in the diffusion coefficient fluctuating force model compared 

with the experimental results by 20% (Figure 3.8).  For further study we have developed a two-

way coupled direct numerical simulation (DNS) code to arrest the effect of particle phase on the 

fluid phase turbulence intensity.  

     

        Partha S Goswami & V Kumaran* 
* IISc 

 

3.6 The Effects of a Constant Bias Force on the Dynamics of a Periodically 

Forced Spherical Particle in a Newtonian Fluid in Uniform Undisturbed 

Motion at Low Reynolds Numbers 
 

In 2010-2011, we considered the quiescent Newtonian fluid case. Continuing our study on the 

dynamics and rheology of dilute suspensions of periodically forced spherical particles we 

introduced a constant bias force and assumed that the fluid moves with a constant undisturbed 

velocity. Under these assumptions and using the Lovalenti and Brady expression for the 

hydrodynamic force and Newton’s second law we obtained the governing equations for this case. 

These equations were solved numerically using an adaptive step size Runge – Kutta method and 

the nonlinear integral was solved for each time step by Romberg Integration. 

 

The program developed to solve the above integro – differential equations was validated by 

performing the following tests: 

 

1. The results and tests of the 

quiescent fluid case were 

reproduced by considering the 

constant velocity and constant bias 

terms as zero. 

2. The three - dimensional problem 

was reduced to a two - dimensional 

problem and was compared with the 

two - dimensional case obtained by 

neglecting one of either the effects 

of constant bias and constant 

velocity at infinity. 

3.  The Stokes’ iterative solutions 

(perturbation solutions) at low 

Reynolds numbers were obtained 

and matched with the numerical 

solutions of the full nonlinear 

problem. 

 

Figure 3.9  Plot showing the effects of periodic force in the region of balance between constant bias and 
constant velocity at infinity. The figure shows the match between the numerical result and the numerical 
result of the 1 – D sphere problem in a quiescent fluid. The x – component velocity time series is obtained 
at Re = 0.001, ReF = 0.3 and Fx = 0.1. (+) numerical solution of the 1 – D sphere problem in a quiescent fluid. 
(-) numerical solution. 
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The full nonlinear equations were linearized and the equations so obtained were solved 

analytically. The phase space plots (the plots between the component wise particle displacement 

and particle velocity) were plotted both for the analytical solution and the numerical solution and 

were compared.It was observed that the analytical solutions at low amplitudes of periodic forcing 

and high values of constant velocity at infinity matched the numerical solutions of the full 

nonlinear equations. However at high values of the amplitude of the periodic force the 

nonlinearity becomes dominant and hence the analytical solutions were found to be different from 

the numerical solution. The surface plot of the standard deviation of the detrended x – 

component displacement time series was plotted for both analytical solutions and numerical 

solutions. We found that the trends of the plot were the same but the range of the numerical 

solution was far less than that of the analytical solution. This suggested matching the numerical 

solution with the analytical solutions by suitably rescaling the analytical solution using the 

standard deviation of the solution, in the regime of large amplitudes of the periodic force. In these 

regimes the numerical solutions could be obtained from the analytical solutions by the following 

expression: 
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In this problem, there are three forces affecting the motion of the spherical particle. Suppose we 

remove the external periodic force then the two forces competing are the constant bias force and 

the velocity of the fluid at infinity. Thus suggests that there might be a region where these two 

forces balance each other and there will not be any motion of the fluid or of the particle. Thus we 

roughly estimated a region of balance between the constant bias and constant velocity at infinity 

where the fluid behaves as a quiescent Newtonian fluid. In this region at large times when  

periodic force is zero. In the region of balance the expression for the constant velocity is obtained 

with respect to the constant bias as 
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In this region when we applied the external periodic force the results of quiescent fluid case were 

reproduced at very low Reynolds numbers. 

 

K Madhukar, T R Ramamohan, I S Shivakumara* 

* Bangalore University 

 



41 

 

3.7 The Dynamics and Rheology of a Dilute Suspension of Periodically Forced 

Spherical Particles in an Oscillating Newtonian Fluid at Low Reynolds 

Numbers 
 

The dynamics and rheology of a dilute suspension of periodically forced spherical particles in an 

oscillating Newtonian fluid at low Reynolds numbers was discussed. The behavior of the 

particle(s) due to the periodic force imposed on the spherical particle, the particle Reynolds 

number and the oscillating fluid was studied. The expression for the hydrodynamic force acting 

on a particle moving in a fluid undergoing uniform time dependent flow, given by Lovalenti and 

Brady, is used and equations for the particle velocity and particle displacement under these 

conditions have been formulated. These integro – differential equations have been solved 

numerically and are compared with analytical solutions obtained from a simplified version of the 

equations. It is observed that the phase space plots obtained by omitting the nonlinear term are 

reasonably accurate for most of the parametric regimes considered. It is also shown that the 

numerical solution can be approximated from the analytical solution by scaling the analytical 

solution suitably. The numerical solution obtained from the full nonlinear equation has also been 

compared with the solutions obtained by a perturbation method obtained by using Re1/2, as the 

perturbation parameter. Plots showing the variation of the rheological parameters with the 

parameters of the system are also presented. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.10: Phase plots showing the variation 

of 
xx pp Y versus U  with respect to ux, A) ux = 

0.01, B) ux = 0.05 and C) ux = 0.3 for  = 0.2 and 
ReF=0.5 and Re = 0.1 
 

Figure 3.11: Phase plots showing the variation 

of 
xx pp Y versus U  with respect to ux, A) ux = 

0.01, B) ux = 0.05 and C) ux = 0.3 for 2  and 

ReF = 0.5 and Re = 0.1. 
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The integro differential equations were solved using an adaptive step size Runge – Kutta method 

and the integral was calculated by Romberg integration. In the figures we show the comparison 

between the numerical solution of the full nonlinear integro differential equation, analytical 

solution of the linearized equation and the solution obtained by omitting the nonlinear term. 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Rheology 

The normal stress components were obtained using the bulk stress expression given by 
Batchelor as shown in figures 3.12 and 3.13. 

 

K Madhukar and T R Ramamohan  

 

3.8 Homotopy analysis method with a non-homogeneous term in the auxiliary 

linear operator 
 

Homotopy analysis method (HAM) is a tool for finding approximate analytical solutions of 

nonlinear problems. However increasing the number of approximations used leads to very large 

expressions. To overcome this problem we have added a non-homogeneous term in the auxiliary 

linear operator so that we can obtain similar solutions for a given accuracy with a smaller number 

of approximations. It is observed that the non-homogeneous term does not affect the region of 

Figure 3.12 Variation of the components of the 
stress with respect to time for different volume 

fractions namely (-) for  = 0.01, (-.) for  = 0.03 and 

(--) for  = 0.05 obtained at ux = 0.1, Re =0.1 and ReF 

= 0.1 

Figure 3.13 Variation of the components of the 
stress with respect to time for different volume 

fractions namely (-) for  = 0.01, (-.) for  = 0.03 

and (--) for  = 0.05 obtained at ux = 0.1, Re =0.1 

and ReF = 0.1 
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convergence of the problems considered. However the use of the non-homogeneous term helps 

in reducing the square residual error, as is clear from Figures 3.14 and 3.15.  We also observe 

that a little additional effort leads to a significant improvement in the approximate solutions by 

reducing the square residual error.  We consider the following nonlinear equation called Duffing-

oscillator in space: 

                   
        0003   vv,vvt''v

                        

 

  

Figure 3.14 Square residual error m vs. c2 in case h=-1/2, c1=0, =3, =90 of order 11, by means of H(t)=1. 

 
 

Figure 3.15  Square residual error m vs. c2 in case h=-1/2, c1=0, =2, =40 of order 11, by means of H(t)=1. 
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HIGH PERFORMANCE COMPUTING & NETWORKING 
 

Computation is the third pillar of modern scientific research. In contemporary 

research, the capability of an organization is judged by the computational facility it 

has access to. CSIR C-MMACS is committed to providing world class computational 

facility to all the computational scientists and researchers of CSIR to address Grand 

Challenge problems in their frontier areas of science and engineering. The facility at 

CSIR C-MMACS is one of the best in the country and is aimed at providing multiple 

architectures suitable for domain specific applications. With CSIR C-MMACS in the 

limelight for its HPC facility, cyber security becomes an important aspect. Hence, the 

HPC group is also involved in research in the field of Cryptography and  Cyber 

Security. 
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4.1 Quantitative Estimation of IP Spoof based Denial-of-Service Attacks 

It is now well understood that IP spoof based DoS attacks trigger a large number of unsolicited 

network packets called backscatter packets, which give potential information for the 

characterization of Denial-of-Service attacks. We obtained backscatter packets in the Internet 

which were collected using a network telescope deployed in the different internet sub networks by 

CAIDA. The data comprises quarterly week long collections of 170 days from 2004 to 2008.  

Our interest is to throw some light on similar kind of attacks that have happened in the Indian part 

of the Internet in the past few years. In order to filter out the Indian subset from the global data, 

large pools of about 30 millions of public IPv4 addresses, which are allocated to ISPs and other end 

user organizations in India by Asia Pacific Network Information Center (APNIC), have been 

identified. Any backscatter packet matching the source IP address that belongs to the address pool 

collected shows reflections triggered from Indian IP address space as and when they receive 

source IP spoofed packets. The C-MMACS supercomputing environment is made use of for 

processing the huge global backscatter data using parallel codes.  

A flow based identification method has been adopted for further analysis of backscatter data. A 

backscatter flow is identified by combining the backscatter packets originated from a victim’s IP 

address and splitting it using a flow timeout parameter. The flow timeout value is defined as the 

maximum time interval between two consecutive packets from a single source, which classify the 

packets into two distinct backscatter flows. 

        

       

Figure 4.1 Backscatter flows and malicious flows identified during the year 2008, 2007, 2006, and 2005 
respectively 



48 

 

Standard parameters like packet threshold value, attack duration in seconds and average packet 

rate value in packets-per-second are used for classifying the backscatter flows into Denial-of-

Service attacks. Packet threshold is the minimum number of packets seen in a flow necessary to 

classify that flow as an attack, attack duration is the minimum amount of time between the first and 

last packet of the flow and the average packet rate is the average rate of packet arrival during the 

entire period of the flow. A backscatter flow with at least 25 packets and flow duration of at least 60 

seconds with an average packet rate of at least 0.5 packets-per-second is considered to be a 

malicious flow. 

 

Based on the criteria parameter values, malicious flows are filtered out from the entire backscatter 

flows for different years using parallel programs. The results are given in Figure 4.1. 

 

A detailed analysis is carried out to identify the top ten malicious flows during the year 2008. From 

the duration and pattern of top ten malicious flows of year 2008, we could assume that most of 

these flows were active throughout the year. There are 79 distinct victims and 580 distinct malicious 

flows identified from the sampled data available for the year 2008. Most of the long lasting flows 

consist of TCP packets with either SYN/ACK or RST flags set. From the TCP behavior, one could 

infer that this could be an indication of a SYN-flood attack attempt. However, the intensity does not 

indicate that these are powerful attacks; rather they belong to persisting low rate malicious flows.  

 

Table 4.1 Statistics of top five victims in different categories during the year 2008, 2007, 2006 and 2005 

Year Victims Number 
of 

Packets 

Victims Number 
of times 
attacked 

Victims Duration 
of 

Attacks 
(Minutes) 

 
 

2008 

1 20217 1 86 1 247.2 

2 11147 2 36 2 159.05 

3 10359 3 29 3 121.11 

4 10310 4 26 4 115.93 

5 8206 5 23 5 98.46 

 
 

2007 

1 619790 1 457 1 636.76 

2 328103 2 433 2 126.26 

3 69957 3 425 3 93.46 

4 37943 4 397 4 87.7 

5 23086 5 367 5 87.66 

 
 

2006 

1 407177 1 1443 1 739.16 

2 106887 2 858 2 353.35 

3 106290 3 190 3 316.05 

4 46326 4 143 4 221.65 

5 45663 5 143 5 125.38 

 
 

2005 

1 2514 1 69.76 1 69.76 

2 2092 2 50.66 2 50.66 

3 1764 3 28.35 3 28.35 

4 1708 4 26.83 4 26.83 

5 1435 5 25.81 5 25.81 
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There are a total of 1355 distinct victims and 42787 malicious flows identified during the year 2007. 

The top ten malicious flows in the year 2007 are also identified. Unlike 2008, most of the flows in 

the year 2007 are short duration. However, as far as the intensity is concerned, the top flows of the 

year 2007 are more intensive compared to those in 2008. To highlight, the top flows in 2007 had an 

intensity of slightly more than 6 lakhs packets in a mere time span of about 9 minutes. The number 

of distinct victims and the number of malicious flows identified in the year 2006 are 1118 and 9866 

respectively.  Where as the number of distinct victims and total number of malicious flows identified 

in the 2005 are 783 and 7245 respectively.  

 

The Table 4.1 shows the statistics of different categories of the top five victims based on the 

intensity of the attacks, number of times attacked and duration of attacks. 

 

              V Anilkumar, C P Riaz, G K Patra 

4.2 Analysis and Implication of Fast Multiplication Algorithms in Cryptographic 

Applications  
 

Many Security applications in the Internet such as, public-key encryption and digital signature 

require intensive cryptographic calculations. However, the complexity of calculating these functions 

may not scale linearly with the number of bits in the key but grow more rapidly than that. In practice, 

the key size that makes brute-force attack impractical will have a slow encryption and decryption 

process. Computing the product of two n-bit integers is an important problem in algorithmic number 

theory. Depending on the size of the numbers, different algorithms are in use. Multiplication is a 

complex and time-consuming step; therefore, we have to examine large integer multiplication 

algorithms to find the most appropriate algorithm for a specific application. Here, we have analyzed 

several multiplicative algorithms to find the fastest and the best for cryptographic purposes.  

 

Conventional Multiplication Algorithm: It is the oldest and simplest multiplication algorithm. In 

multiplication of two n-digit numbers we multiply and add the columns right-to-left, keeping track of 

the carry as we go. We don't have to store columns to do this.  

 

Karatsuba multiplication algorithm: The complexity of the conventional algorithm increases 

exponentially with increasing value of n. To address this, Karatsuba developed an algorithm for 

multiplication of large integers; which was the first asymptotically fast multiplication algorithm. Using 

this algorithm two-digit multiplication can be done only with three multiplication steps rather than 

four steps as required in classical multiplicative algorithm. The algorithm has time complexity of 

Θ(nlog
2
3) i.e. n1.585; therefore it’s significantly faster than conventional algorithm for large values but 

not suitable for small n due to overhead of recursion 

 

Toom–Cook Multiplication Algorithm: The algorithm is named after Toom and Cook and used for 

large integer multiplications. Let x and y represent two integers of n-digits. In designing the 

algorithm Toom–Cook split the number x, y into k parts each of length l; and operate them to get 

the multiplicative entity. The multiplication is computed recursively in five steps namely - Splitting, 

Evaluation, Point-wise multiplication, Inter-potation and Re-composition. Toom-k runs with a time 
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complexity of Θ(c(k) ne), where e = log(2k - 1) / log(k); ne is the time spent on sub-multiplications, 

and c is the time spent on additions and multiplication by small constants . 

 

Toom-3 reduces nine multiplicative steps into only five steps, and runs with Θ(nlog(5)/log(3)) i.e. nearly 

Θ(n1.465). The Karatsuba algorithm is a special case of Toom–Cook, where the number is divided 

into two smaller parts. It reduces four multiplicative operations to three and operates at 

Θ(nlog(3)/log(2)), i.e. nearly Θ(n1.585). Similarly long multiplication is equivalent to Toom-1, and has the 

complexity Θ(n2).  

 

Schönhage–Strassen Algorithm: In the early seventies, Schönhage and Strassen have developed 

the fastest asymptotic multiplication algorithm called the Schönhage–Strassen algorithm. These 

multiplications are based on shift mechanism, wherein k has a fixed value; practically it is set to a 

small value e.g. 5, 6 or 7 depending on the size of the input numbers. The time complexity for n-

digit number is given by Θ(n log n log log n).  

 

Most of the algorithms are based on divide and conquer strategy and switch to conventional 

methods below a certain threshold value. The results have been justified for a range of operations 

and given in Table 4.2. The values given in Table 4.2 depend on implementation and the 

architectural details of the processor used.  

 

Table  4.2 Time Complexity Of Different Multiplication Algorithms 

 

Algorithm Operand Degree (bits) Complexity 

Conventional Method <190 Θ(N2) 

Karatsuba Multiplication Algorithm 190-360 Θ(N.lod23) 

Toom-3 Multiplication Algorithm 360-8000 Θ(N.log35) 

Schönhage–Strassen Multiplication Algorithm <15000 Θ(N logN log log N) 

 

The fastest algorithm for large integer multiplication so far is the Schönhage-Strassen Multiplication 

Algorithm with a complexity of Θ (n logn log logn). Moreover, other multiplication, algorithms yield 

better results within certain ranges.  

 

Computational power is increasing and the key size in public key cryptography is also increasing; e. 

g. RSA is using 1024 to 2048 bit numbers for generating keys for emails and e-commerce security. 

Therefore an algorithm has to be developed that can be used for multiplying larger integers that can 

be used uniformly.  

 

Figure 4.2 implicates that Schönhage–Strassen Multiplication Algorithm is the fastest algorithm 

available for large integer multiplication by using complex FFT (Fast Fourier Transformations) 

techniques and works on divide and conquer strategy. Martin Furer also suggested an algorithm with a 

complexity of Θ(n log n 2Θ(log- n)); but its still theoretical; and needs verification in realistic conditions.  
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Figure 4.2 Time complexities for different multiplication algorithms 

 

The best implementation of multiplication is to use a conditional multi-algorithm program, which 

switches from one to other based on the bit size  involved in the operation. 

 
Abhishek Tripathi, G K Patra 

4.3 High Performance Computing 
 

The High Performance Computing (HPC) 

system at CSIR C-MMACS is the largest 

computational facility in CSIR and also one of 

the leading facilities in the country. This is the 

backbone of computational research in various 

fields of interest to CSIR.  The current fastest 

system at CSIR C-MMACS is the Altix ICE 

cluster system with 2304 numbers (after up 

gradation in January 2012) of processing cores 

distributed over 192 nodes interconnected in the 

form of an enhanced hypercube using the QDR 

(32Gbps) infiniband communication medium. 

The system currently is listed as the 8th largest 

(December 2011 list) in the country and is 

equipped with Intel Westmere-EP Hex core 

processors running at 2.93/3.06 GHz frequency. 

Each node has 12 processing cores with 24 GB 

of memory in a shared memory form, while the 

system as a whole has 4608 GB of memory 

across the 192 nodes in a distributed 

architecture. The peak performance that the 

Figure 4.3 Altix ICE system with 2304 processing 

cores distributed over 192 nodes and 30 TB of 

parallel file system along with all associated 

hardware and software.  
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system can achieve is 27 TFLOPS, while it has one of the best percentages of sustained 

performance (of about 23 TFLOPS), which is more than 85% of the peak in High Performance 

LINPACK (HPL).  
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Figure 4.4 Altix ICE usage (in percentage of available computing power) for April  to December 2011 (before the 

upgrade done in January 2012)  

 

A cluster parallel file system of 30TB handles the storage requirements for the computing system. 

The system is being used by a large number of CSIR laboratories and the major users are from  

National Chemical Laboratories, Pune, Central Electrochemical Research Institute, Karaikudi,  

National Institute for Interdisciplinary Science and Technology, Thiruvananthapuram apart from 

researchers at C-MMACS and NAL. Figure 4.3 shows the photograph of the ICE cluster and Figure 

4.4 shows the utilization of the facility in  terms of the percentage of the total available computing 

power till December 2011. The heavy usage pattern   led CSIR C-MMACS to upgrade the system 

in January 2012. Figure 4.5 shows the weekly averaged utilization in percentage of total available 

computing power after the system was 

upgraded in January 2012. Figure 4.6 

presents the usage statistics of different 

laboratories with respect to time and 

number of CPUs as well as memory.  

 

C-MMACS also has the largest shared 

memory system in the country. The 

Altix 4700 system is configured with 

288 Itanium2 processing cores (9140M, 

1.66GHz, 18 MB cache), 608 GB of 

shared memory, 3.6 TB of RAID 

storage. The system was listed 15th in 

the top supercomputers of the country 

in the December 2009 list. The 
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Figure 4.5 Altix ICE weakly averaged usage (in percentage of 

available computing power) after the upgrade done in 

January 2012  
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performance was measured by a LINPACK benchmark and it delivered a sustained performance of 

1.72 TFlop (1.91 TFlop peak). This system runs most of the memory intensive programs. This 

system is used extensively for providing agency specific forecasts to Karnataka State Natural 

Disaster Management Center at scheduled times (currently twice in a day).  

 

The computing load on these servers are managed through a workload management software 

called PBSPro, which not only ensures the efficient usage of the system but also provides a easy 

user interaction and submission process.  

 

Figure 4.6 Percentage usage statistics (of totally used computing power) by CSIR Laboratories (a) usage by the 

time of CPU utilization (b) usage by number of  CPU utilization and (c) usage  by Memory Utilization   

 

In order to facilitate and enable the computational scientist of CSIR with the most sophisticated 

computing facilities, under the 11th plan, CSIR C-MMACS has already placed an order for about 

360 TFLOPS (~300 TFLOPS sustained on HPL) blade based computing system. This will be the 

fastest supercomputer of the country, when installed in the month of October/ November 2012. This 

is also likely to be listed in top 50 computers in the world. The system was selected using a 

competitive bidding process, with rigorous benchmarking of computationally intensive models like 

WRF, MoM and OpenFoam. The system will be a cluster of 1088 nodes, with 2176 (17408 

processing cores) Intel Xeon E-5 2670 (8 cores, Sandy bridge) processors, with 68TB of main 

memory. A new and state-of-the-art  datacenter and  associated electrical and cooling facility is 

also being setup for housing this system.  

 

High Performance Storage 

 

The work area for all the servers are provided through a direct attached scratch file system for 

better read/write performance to enhance the computing performance by decreasing the I/O wait 

cycles. The home areas of all the users are centralized to a newly procured Network Attached 

Storage (NAS) of 200TB, while the archival is provided by the high performance SAN (Storage 

Area Network) to support the growing need of data storage, being generated from data intensive 

modelling.  The SAN archival system has four numbers of LTO Gen 5 drives. Currently the 

virtualized 3-tired storage solution has 6 TB online (FC), 20TB of near-line (SATA) and 520 TB of 
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offline storage. The SAN provides transparent access to data on all the shared memory HPC 

systems with hierarchical storage management and through Network File System (NFS) protocol to 

the ICE cluster.  

 

Network Facilities 

 

The C-MMACS HPC facility is utilized by scientists and researchers of C-MMACS and NAL (all the 

three campuses) from their desktops through high speed local networks interconnected through a 

10 Gbps backbone. The researchers from other CSIR laboratories access the facility through 1 

Gbps National Knowledge Network (NKN) Optical Fiber Link and also through an 8 Mbps Internet 

gateway connected to the Internet through ERNET. The NKN facility is equipped with a new firewall 

and proxy to provide high speed Internet access and scientific data download through the link. C-

MMACS continues to provide E-mail facility to 6 nodes from C-MMACS and NAL. All network 

services namely DNS (Domain Name Server), NIS (Network Information Services), WWW (World 

Wide Web) and Internet gateway have been used for better network services. A new gateway and 

proxy have been designed to provide efficient as well as easy use of the NKN connectivity. The 

NKN connectivity has enabled better services to C-MMACS users as well as the scientists of other 

CSIR labs using the CSIR computing facility. For One CSIR ERP implementation, a Fujitsu based 

20TB SAN storage and 5 numbers of IBM 2-way servers were installed. A New INTRANET facility 

was implemented for C-MMACS to provide information about various procedures and processes. 

As part of the Open Access Movement of CSIR, A Open Access Portal is installed for hosting the 

institutional repository. The CSIR C-MMACS institutional repository can be accessed at 

https://cir.cmmacs.ernet.in   

 

Software Enhancements 

 

Application software were maintained and upgraded to keep pace with hardware enhancements. 

The heavily used software are ABAQUS, CFD-ACE+, IDL, GAMIT/GLOBK, Tecplot, S-Plus, 

Hyperworks, Fluent, ANSYS, OpenFOAM etc. The current list of hardware and software in the 

computing environment is available at the C-MMACS website http://www.cmmacs.ernet.in. The 

systems are used extensively for running complex models in the field of ocean, atmosphere, earth 

and aerospace. 

 

Other Technical Services 

 

Technical support was provided to a large number of users from C-MMACS & NAL. The team also 

provided web hosting facilities for organizing different workshops and conferences during this 

period. In addition, several students from academic institutions across the country have availed the 

computing services as part of their academic work at C-MMACS. Technical advices and 

consultancies were provided to various institutions within and outside CSIR. 

                   

R P Thangavelu, G K Patra, V Anilkumar,  Ashapurna Marndi,  N Prabhu,  G Nagaraju 

 



55 

 

4.4 Efficient Parallelization Strategies 

 
In recent times processing power of a single CPU having many cores has been significant increase. 

The trend for assembling many single CPUs for attending astronomical computing power is on rise. 

Communication bandwidth, theoretically speaking, cannot satisfy the demand of this trend. Ideally 

speaking, If the communication bandwidth is infinite, any parallelization strategy will work and 

computational resources can be exploited to derive the benefit of parallel computing. 

 

In practice, most of the large scale application codes having parallelization strategy of yester-years  

saturate with fairly small number of processors. It is almost impossible to find a General Circulation 

Model of atmosphere or ocean operational on any parallel machine with reasonable effectiveness. 

 

Software VARSHA is no exeption.  Its earlier parallelization strategy used domain decomposition in 

latitude whose performance can be seen in the figure. New parallelization strategy using level 

decomposition is underway  and its performance for dynamical module can be seen in the figure. 

The new strategy is inspired by the seminal work of Rossby [J. Marine Res.,1939]. 

 

 

Figure 4.7 Impact on the scalability achieved across the processor cores by changing the parallelization 

strategy. 

 

 UN Sinha , Mohammed  Mahfooz Sheikh* 

*NAL 
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MULTISCALE MODELING & SIMULATION  
 

To advance simulation and prediction of weather and climate and for climate change 

projections, General Circulation Models (GCMs) need to represent the multiscale 

physics of atmospheric processes such as the multiscale organization of precipitating 

convection and aerosol-cloud-radiation feedback. 

 

The CSIR C-MMACS Multiscale Modeling and Simulation Group (MMSG) seeks to 

develop an ultra-high resolution climate modeling framework to address multiscale 

weather/climate processes and analyze climate datasets from observations and 

simulations in a data intensive paradigm of research.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Inside 
 

 Aerosol Impact on Cloud-Radiation Feedback 

 How Good are the Simulations of Tropical SST-Rainfall Relationship by 

IPCC AR4 Atmospheric and Coupled Models? 

 Monsoon Circulation Interaction with Western Ghats Orography under 

Changing Climate 

 Will the South Asian Monsoon Overturning Circulation Stabilize any 

Further? 
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5.1 Aerosol Impact on Cloud-Radiation Feedback 
 
Evidence for solar dimming mainly came 

from the data that goes back to the 60’s that 

were analyzed in several studies. These 

studies found that the amount of sunlight 

received at the earth has not been constant 

over time, but varies substantially. Further 

studies have established that aerosols could 

have contributed to solar dimming where the 

increase in aerosol emissions between 

1960-1990 were in line with decrease in 

solar radiation at the surface.  Initially, 

various logical fallacies were employed to 

convince the climate community that aerosol 

has a cooling impact.  Subsequently strong 

theoretical evidences started coming in 

favour of this argument that the aerosol 

climate effect acts opposite to that due to 

greenhouse gas radiative forcing. But after 

1990, there is no strong evidence for solar dimming and accordingly there is a recovery in 

atmospheric transmittance. However, associated with this there is a strong decreasing tendency for  

   

 

Figure 5.1 19-year deviations of global monthly mean 
cloud amount (%) from International Satellite Cloud 
Climatology Project (ISCCP) data. Mean cloud amount 

during the period is 66.7 and the standard deviation is 1.5. 

Figure 5.2 a) Climatological JJAS mean TSFC (C) from NO_AERO and JJAS mean TSFC differences for b) 
BKG_AERO and c) ACE_AERO with respect to NO_AERO. Differences significant at 95% level are stippled. 



60 

 

cloud amount (Fig. 5.1). This absence of solar dimming no longer masks thermal greenhouse 

effect. This shows that clouds and cloud-radiation feedbacks play an important role in deciding net 

radiation at the surface.  

 

Figure 5.2 shows the summer mean surface temperature (TSFC) over Indian region from a control 

climate simulation with no aerosol (NO_AERO, Figure 5.2 a) and the differences in TSFC from two 

simulations with different aerosol representations (BKG_AERO and ACE_AERO) with respect to 

the control simulation (Figures 5.2 b and c). In the control simulation (NO_AERO), the highest 

temperatures above 29C were found to be often associated with reduced precipitation. This 

suggests that the warming/cooling of land can be due to changes in surface radiation as well as 

due to feedbacks associated with reduced/enhanced clouds and rainfall as well. 

 

The reduction of incoming solar radiation due to aerosols is apparent from the large-scale surface 

cooling over most of the continental areas. Examining the differences (Figures 5.2 b and c) we note 

that over India, the region with maximum precipitation reduction due to aerosols i.e., between 17N 

to 24N, experiences warming of land surface both in BKG_AERO and ACE_AERO. This is the 

region where the aerosol concentrations are high, and aerosol-induced reduction in total cloudiness 

and hence surface solar absorption, FSFC were found to be very high. This suggests that the 

increased surface solar absorption due to aerosol induced cloud-radiation feedback could be the 

major contributing factor for surface warming. Thus, surface temperature changes occur not only 

due to shortwave changes but can also occur due to cloudiness induced changes in net energy at 

the surface. Consequently, over this region aerosol simulations show that changes in cloud amount 

associated with changes in rainfall can strongly limit surface temperature changes.  

 

Sajani Surendran and K Rajendran 

 

5.2 How Good are the Simulations of Tropical SST-Rainfall Relationship by 

IPCC AR4 Atmospheric and Coupled Models? 

 

The failure of atmospheric general circulation models (AGCMs) forced by prescribed SST to 

simulate and predict the interannual variability of Indian/Asian monsoon has been widely attributed 

to their inability to reproduce the actual sea surface temperature (SST)–rainfall relationship in the 

warm Indo-Pacific oceans. This assessment is based on a comparison of the observed and 

simulated correlation between the rainfall and local SST. However, the observed SST–

convection/rainfall relationship is nonlinear and for this a linear measure such as the correlation is 

not an appropriate measure. We show that the SST–rainfall relationship simulated by atmospheric 

and coupled GCMs in IPCC AR4 (4th Assessment Report of Intergovernmental Panel for Climate 

Change) is nonlinear, as observed, and realistic over the tropical West Pacific and the Indian 

Ocean. The SST–rainfall pattern simulated by the coupled versions of these models is rather 

similar to that from the corresponding atmosphere-alone one, except for a shift of the entire pattern 

to colder/warmer SSTs when there is a cold/warm bias in the coupled version. 

 

K  Rajendran, Ravi S Nanjundiah*, Sulochana Gadgil*, and J Srinivasan* 

*IISc, Bangalore 
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5.3 Monsoon Circulation Interaction with Western Ghats Orography under 

Changing Climate 
 
In this study, the authors have investigated the likely future changes in the summer monsoon over 

the Western Ghats (WG) orographic region of India in response to global warming, using time-slice 

simulations of an ultra high-resolution global climate model and climate datasets of recent past. 

The model with approximately 20-km mesh horizontal resolution resolves orographic features on 

finer spatial scales leading to a quasi-realistic simulation of the spatial distribution of the present-

day summer monsoon rainfall over India and trends in monsoon rainfall over the west coast of 

India. As a result, a higher degree of confidence appears to emerge in many aspects of the 20-km 

model simulation, and therefore, we can have better confidence in the validity of the model 

prediction of future changes in the climate over WG mountains. Our analysis suggests that the 

summer mean rainfall and the vertical velocities over the orographic regions of Western Ghats 

have significantly weakened during the recent past and the model simulates these features 

realistically in the present-day climate simulation. Under the future climate scenario, by the end of 

the twenty-first century, the model projects reduced orographic precipitation over the narrow 

Western Ghats south of 16°N that is found to be associated with drastic reduction in the 

southwesterly winds and moisture transport into the region, weakening of the summer mean 

meridional circulation and diminished vertical velocities. 

 

We show that this is due to larger upper tropospheric warming relative to the surface and lower 

levels, which decreases the lapse rate causing an increase in vertical moist static stability (which in 

turn inhibits vertical ascent) in response to global warming. Increased stability that weakens vertical 

velocities leads to reduction in large-scale precipitation which is found to be the major contributor to 

summer mean rainfall over WG orographic region. This is further corroborated by a significant 

decrease in the frequency of moderate-to-heavy rainfall days over WG which is a typical 

manifestation of the decrease in large-scale precipitation over this region. Thus, the drastic 

reduction of vertical ascent and weakening of circulation due to ‘upper tropospheric warming effect’ 

predominates over the ‘moisture build-up effect’ in reducing the rainfall over this narrow orographic 

region. This analysis illustrates that monsoon rainfall over mountainous regions is strongly 

controlled by processes and parameterized physics which need to be resolved with adequately 

high resolution for accurate assessment of local and regional-scale climate change. 

 

K Rajendran, A Kitoh*, J Srinivasan
#
,  

R Mizuta* and R Krishnan^  

*MRI/JMA, Japan, 
#
DCCC/IISc, Bangalore 

^IITM, Pune 

 

 

5.4 Will the South Asian Monsoon Overturning Circulation Stabilize any 

Further? 
 

Understanding the response of the South Asian monsoon (SAM) system to global climate change 

is an interesting scientific problem that has enormous implications from the societal viewpoint. 

While the CMIP3 projections of future changes in monsoon precipitation used in the IPCC AR4 
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show major uncertainties, there is a growing recognition that the rapid increase of moisture in a 

warming climate can potentially enhance the stability of the large-scale tropical circulations. In this 

work, the authors have examined the stability of the SAM circulation based on diagnostic analysis 

of climate datasets over the past half century; and addressed the issue of likely future changes in 

the SAM in response to global warming using simulations from an ultra-high resolution (20-km) 

global climate model. Additional sensitivity experiments using a   simplified atmospheric model 

have been presented to supplement the overall findings. The results here suggest that the intensity 

of the boreal summer monsoon overturning circulation and the associated southwesterly monsoon 

flow have significantly weakened during the past 50-years. The weakening trend of the monsoon 

circulation is further corroborated by a significant decrease in the frequency of moderate-to-heavy 

monsoon rainfall days and upward vertical velocities particularly over the narrow mountain ranges 

of the Western Ghats. Based on simulations from the 20-km ultra high-resolution model, it is 

argued that a stabilization (weakening) of the summer monsoon Hadley-type circulation in 

response to global warming can potentially lead to a weakened large-scale monsoon flow thereby 

resulting in weaker vertical velocities and reduced orographic precipitation over the narrow Western 

Ghat mountains by the end of the twenty-first century. Supplementary experiments using a 

simplified atmospheric model indicate a high sensitivity of the large scale monsoon circulation to 

atmospheric stability in comparison with the effects of condensational heating 

                                      

                                         R Krishnan*, T P Sabin*, D C Ayantika*,  A Kitoh**, M. Sugi**, H Murakami** 

                                            A G Turner#,  J M Slingo^ ,  K Rajendran 

           *IITM, Pune, **MRI/JMA, Japan, #NCAS-Climate, Univ of Reading, ^ Met Office, UK 
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SOLID EARTH MODELLING 

Solid Earth Modelling group has niche expertise in GNSS geodesy and Computational 

seismology with scientists from Engineering, seismology, geology, geophysics and physics 

background. Major achievements of the group during 2011 -2012 are: (i) dislocation 

modelling in northeast India, (ii) software (TECmacs) has been developed to derive the 

Total Electron Content (TEC) in Ionosphere and its variability from dual frequency 

geodetic GPS data to study the TEC anomalies associated with seismic events, (iii) well 

constrained inter-seismic deformation rates in northwest and central Himalaya using long 

GPS time series and (iv) impact of a priori zenith delay on temporal and spatial variability 

of GPS Precipitable Water Vapor (PWV) in the Indian subcontinent has been studied.  In 

addition to this CMMACS initiated volcanic deformation studies using DinSAR (Differential 

InSAR) techniques and also gave preliminary tectonic estimates from the inner-arc 

volcanic region of the Andaman Sea using past three years GPS based geodetic studies in 

Barren Volcano Island.  

Inside 
 
 Active Deformation in North West and West Central Indian Himalaya  

 Inverse Modelling of GPS derived surface horizontal deformations in Northeast India 

 Study of present day active deformation in North-eastern India using GPS Geodetic Observations  

 Preliminary tectonic estimates from the inner-arc volcanic region  of the Andaman Sea 

 Volcanic Deformation Studies using DinSAR Techniques 

 Near Real Time Analysis Servers for the Andaman Nicobar Geodetic Network (ANGN) 

 Large trench parallel gravity anomalies (TPGA) and seismogenic behavior at Andaman Nicobar subduction 
zone. 

 Tectonics, Structure and Topography of the Outer Himalayan belt 

 Impact of a priori zenith delay on temporal and spatial variability of GPS PWV  

 Three dimensional dynamic modelling  of a lanslide  

 TECmacs: For Probing the Ionosphere using geodetic GPS network to study the seismo-ionospheric coupling 

 CDP stacking of Receiver Functions from the Phase I data of East-West Dharwar experiment and extension of 
Phase II 

 Generation of 1x1 degree velocity model of India for the preparation of Neo-Deterministic Seismic Hazard Map 

 Propagation of Torsional surface waves in an inhomogeneous anisotropic fluid saturated porous layered half 
space under initial stress with varying properties 

 Effect of inertial coupling on acoustic wave propagation and attenuation in a porous medium containing two 

immiscible viscous fluids 

 Study of shear wave velocity structure and site effects at 25 selected sites in Delhi city using microtremors 

 Ground motion simulation from a local large earthquake in Delhi city 

 Estimation of the maximal magnitude for Himalayas and surrounding regions based on Unified scaling law of 
earthquakes 
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6.1 Active Deformation in North West and West Central Indian 
Himalaya  
 
The 2500 km long  WNW-ENE  trending Himalayan arc  stretching NNE from the Indian plains  

to the Indus-Tsangpo suture is a fold-thrust belt (Figure 6.1)  wedged between the Tibetan 

plateau and the under-thrusting Indian plate which converges in consequence. South of the 

Indus-suture, it is characterized by four prominent thrust belts (MFT, MBT, MCT, STD)  that 

divide the region from south to north into sub-Himalaya, the Lesser Himalaya , and the Higher 

and Tethys Himalaya. They all dip northwards, sole into the decollement  that marks the upper 

boundary of the under-thrusting Indian plate  and constitutes  the surface above. Strain build up 

in this region when combined with the seismic activity and geodynamics of this region would 

give information on suspected seismic gaps which may experience large earthquakes in future. 

The knowledge presently available on the cycles of strain buildup and release and periodicity of 

earthquakes along the various segments of Himalaya is not adequate enough to make 

predictions even for shorter periods.  

 

Since 1995 SEMP group is monitoring active 

deformation in the Indian Himalaya using GPS 

continuous and campaign observations. The results 

indicate that the persistent north-easterly (NE) 

motion of the Indian plate at a rate of ~5cm/yr, 

however, continues to drive Tibet along with its 

Himalayan wedge, over its gently dipping shaven 

middle crust @~2 cm/yr. This is manifested in the 

deceleration of  GPS- ITRF05  velocity of   5.9 cm/yr 

near  the southern end of the plate  at Maldives to 

about 3.2 cm/yr  in southern Tibet near the Indus-

Tsangpo suture. Tibet‟s steady up-dip  advance over 

the under-thrusting plate, however begins to be 

arrested by friction on reaching  its brittle interface  

approximately at depths exceeding ~ 20 km. Long 

time-series of GPS observations have been used to  

better constrain  time-averaged (1995-2008) 

convergence rates (Figure 6.1)  in the northwestern 

and central Himalaya. Results indicate the active 

deformation along the different tectonic units of 

northwestern and central  Himalayas predominantly  

shortening in the Himalayan fold-thrust belt (FTB), 

which  accounts for a significant portion of the 

convergence between the Indian and Eurasian 

plates and is not constant along the length of the 

Himalayan arc. The importance to seismic hazard 

assessment, of constraining this contraction rate in 

the various segments of the Himalayan collision 

Figure 6.1 Topographic map  with ITRF 05 
velocities of  Northwest and central Himalaya  
GPS sites are shown in the figure along with 
the IGS  and  continuous stations in the 
Indian plate. Main tectonic elements of the 
region i.e. MHT, MBT. MCT, Indus suture 
zone, Karakoram fault and Martoli fault/STD 
has been traced in the figure from the 
seismo-tectonic Atlas of India, GSI 
publication. 
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zone which is home to millions, is highlighted by the equality of geological and seismic slip rates 

implying that most of the resulting shortening accumulates as elastic strain. The  entire 

southward stretch hence,  remains locked  till steadily  accumulating strains around this zone 

reach the failure strain level of ~10-4,  causing it  to lurch catastrophically over the Himalayan 

foredeep,  by an amount equal to the elastically stored slip.  The product of this  slip and the  

areal extent of the rupture determines the magnitude of the resulting  earthquake. 

 

  Sridevi Jade, V K Gaur, Kireet Kumar*, Malay Mukul#, and T S Shrungeshwar 

*GBPant Insititute of Himalayan Environment and Development, Almora, and #IIT Mumbai 

 

 

6.2 Inverse Modelling of GPS derived Surface Horizontal Deformations 
in Northeast India 

 

Northeastern India and its adjoining 

regions fall under the most intense 

seismic zone in the world. In the recent 

past, it has experienced three great 

earthquakes (M>8) namely 1897 Great 

Assam, 1934 Bihar Nepal and 1950 

Assam earthquakes. GPS derived 

velocities and deformation rates and their 

implications on the deformation regimes 

of the tectonically active physiographic 

domains in northeast India namely 

Shillong plateau, Eastern Himalaya and 

Indo Burman Fold and Thrust belt are 

discussed here. Figures 6.2, 6.3, 6.4 give 

GPS derived velocities along with North-

South and East-west convergence rates, 

in these  three regions. 

 

The above complex deformation pattern 

in the three distinct tectonic zones of 

Northeast India  has been used to derive 

the inter-sesimic dislocation models in this 

region. The best fit dislocations in 

northeast India  obtained from inverse 

modelling of GPS derived horizontal 

deformation is given in figure 6.5 . The 

buried dislocations in Sikkim and 

Arunachal Himalaya are along the Main 

Himalayan thrust and the modeled slip is ~14 mm/yr in Sikkim Himalaya and ~ 21 mm/yr in 

Arunachal Himalaya. From the strain regime in Sikkim Himalaya and Arunachal Himalaya, it can 

Figure 6.2 ITRF2000 and India fixed velocities of 
Shillong plateau sites and their deformation rates with 
IGS sites IISC, LHAS and KUNM 

Figure 6.3 ITRF2000 and India fixed velocities of 
Western Arunachal Himalaya sites and their 

deformation rates with IGS sites IISC, LHAS and KUNM 
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be inferred that deformation due to underthrusting of 

Indian plate along MHT is predominant in the 

overriding Tibetan plateau while its contribution to the 

deformation within the Indian plate boundary is found 

to be insignificant. 
  

The buried dislocations in the Indo Burmese fold and 

thrust belt (IBFTB) are along the arc as shown in the 

figure 6.5 and the modelled slip is ~ 23 to 27 mm/yr 

from south to north. The dislocation model of Naga – 

Chin segments obtained in this study ranges between 

~22° - 26° latitude which then becomes a perfect 

northward continuation of the Arakan trench model 

obtained by other researchers. Together this forms a 

complete model for the entire eastern boundary of the 

Indian plate subducting under Sunda plate which is 

one of the most active seismic zones in the world. 

The deformation rate obtained between Shillong 

plateau sites and KUNM Figure 6.4 indicates a 

convergence of ~ 6 mm/yr. Hence it implies that most 

of this convergence is accommodated as subduction of the eastern Indian plate boundary under 

Naga – north Chin hills. Hence this study provides evidence of active subduction of considerable 

value against the seismic studies which predicted the cessation of subduction under IBFTB.  

 

Shillong Plateau velocities  with respect to 

the Indian plate which are less than 4 mm/yr 

(figure 6.2 and 6.5) are assumed to be 

contributed by dislocations in the northern 

Arunachal Himalaya and eastern Indo 

Burman ranges. The observed and 

modelled velocities of the shillong plateau 

sites are shown in figure 6.5. This study also 

highlights the regions where more 

investigations are required. The 

densification of GPS network in IBFTB and 

Arunachal Himalaya where the 

segmentation is evident from this analysis is 

essential to study the tectonic behaviour of 

these regions. Also, faults in Northeast India 

such as Dauki fault, Kopli fault and Mat fault known for their seismic activity along which such 

segmentation occurs need to be monitored for understanding the deformation regime in the 

complex Northeast India. GPS observations  in Northeast India needs to be extended to other 

significant and unexplored regions like Mikir Hills.   
Sridevi Jade and A J Saigeetha 

Figure 6.4 ITRF2000 and India fixed 
velocities of IBFTB sites and their 
deformation rates with IGS sites IISC, LHAS 

and KUNM 

Figure 6.5 Inter-seismic dislocation models in 
Northeast India with observed and modeled 
displacements of all the stations used in the analysis 
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6.3 Study of Present Day Active Deformation in North-eastern India using 

GPS Geodetic Observations  
 
North Eastern India is a highly seismic prone. It is categorised broadly under Zone-V in the 

seismic zonation map (http://nicsr.in). Zone-V covers the area with the highest risk zone that 

suffers earthquakes of intensity IX or greater. Also North-east Indian region has been 

recognized as the sixth most seismically active region in the world. This region has been rocked 

by three great earthquakes  ~M=8.5 in the past 104 years. Each of these earthquakes ruptured 

a fault about 250-300 km long paralleling the Himalayan strike and 50-80 km wide and involved 

a sudden slip of about 6-8 meters relieving the strain accumulated since the previous ruptures. 

The prolific seismicity is evidence of steady strain accumulation in the region. C-MMACS has 

been monitoring this region since 1997 to estimate the inter-seismic strain and ongoing 

deformation of the North-eastern India. From the results of this earlier work it was evident that it 

is very important to monitor the internal deformation within the Shillong Plateau and its tectonic 

relationship with the Mikir Hills. Hence, repeated campaign mode GPS (Global Positioning 

System) geodetic studies were carried out in the region (figure 6.6) during January to February 

2012 jointly by CSIR C-MMACS, Bangalore, Karnataka  and Tezpur University, Tezpur, Assam 

as part of the collaborative project “Estimation of crustal deformation and Tropospheric 

precipitable water vapour content in NE India using GPS measurement” funded by Ministry of 

Earth Sciences (MoES). The first campaign was carried out during October to November 2010. 

 

In the two campaign mode 

measurements, most of the 

earlier campaign GPS sites were 

occupied, new observations 

were started near the 

ruined/damaged old GTS/GPS 

campaign sites and a few new 

sites were established in the 

Shillong Plateau and Mikir Hills 

region. The data collected from 

the campaign mode GPS 

geodetic measurements along 

with data from the continuous 

mode GPS (CGPS) stations help 

to study the tectonic 

interconnectivity between Shillong 

Plateau and Mikir hills in detail. 

Also the measurements from Arunachal Pradesh and other parts of Assam will be useful to get a 

clear picture of ongoing active deformation of the North-eastern Indian plate. 

 

M Sithartha Muthu Vijayan, Shrungeshwara.T S, Prakash Burman
#
,  

Jagat Dwipendra Ray
#
, Rajeev K, Sridevi Jade, and Ashok Kumar

# 

#
Tezpur University, Tezpur, Assam 

Figure 6.6 Locations of campaign mode and continuous mode 
GPS stations are shown over the topographic map of North 
Eastern India 
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6.4 Preliminary Tectonic Estimates from the Inner-Arc Volcanic Region  of 

the Andaman Sea 

 

The Andaman sea region hosts few volcanoes which lie on the inner arc extending between 

Sumatra and Myanmar. The sub-aerial expressions at Barren and Narcondum are of great 

interest for volcanological studies. Barren island is presently active and consists of a caldera 

opening towards the west. CSIR CMMACS initiated campaign mode geodetic observations at 

the Barren Island since 2007 by establishing a geodetic benchmark there. Systematic re-

occupation of this benchmark was carried  till March, 2012 using dual frequency geodetic quality 

GPS receivers. Our initial analysis shows that the benchmark was converging to the south-west 

direction towards the accretionary fore-arc wedge of the Andaman subduction zone. The 

presence of NNW opening of the marginal sea basin opening east of Barren Island at the 

Andaman spreading ridge and the NE oriented subduction of the Indian plate west of the 

Andaman fore-arc makes this an ideal scenario to understand the upper-plate tectonics of this 

region and the implications of the back-arc spreading on it. 

 

Anil Earnest, K Rajeev, T  S Shrungeshwara, M S M Vijayan, Tejpal Singh and Sridevi Jade 

 

 

6.5 Volcanic Deformation Studies using DinSAR Techniques. 

 
A methodology for crustal deformation mapping using differential synthetic aperture radar 

interferometry and in-situ based GPS data is being developed for the volcanic Islands of the 

Andaman Nicobar region. This is a collaborative effort between CSIR CMMACS and Space 

Applications Centre, ISRO, Ahemedabad under the Earthquake Precursors and Surface 

Deformation Studies Project. Prior to many volcanic eruptions there will be a relatively slow rise 

of the volcano surface due to the slow rise of magma into a magma chamber or from this into 

the upper crust. If magma rises to a shallow level beneath a volcano, the ground surface above 

it will swell, causing benchmarks around the center of the intrusion to move horizontally and 

vertically away from the source. The pattern of displacements enables us to sometimes estimate  

the location, depth, and amount of magma intruded. For this we use satellite interferometry 

techniques in monitoring ground-surface deformation on Barren and Narcondam volcanoes. 

This offers several advantages, compared to conventional volcano surveys that use electronic 

distance meters or GPS surveys, as satellite based observations do not require lines-of-sight 

between benchmarks so they can be located almost anywhere as long as the site has a clear 

view of the sky. Another advantage is that measurements can be made in almost any weather 

condition. Surface changes along the line of sight of the satellite can be measured to an 

accuracy of a few millimeters. Finally, remotely sensed data is reducing the chances of human 

causality in working in such a risky terrain and the logistical issues in conducting such a field 

operation. 

 
Anil Earnest , Sreejith K

#
, Tejpal Singh, MSM Vijayan, Sridevi Jade and A. S Rajawat

# 

#
Space Applications Centre, ISRO, Ahemedabad 
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6.6 Near Real Time Analysis Servers for the Andaman Nicobar Geodetic 

Network (ANGN) 

 
Continuously operating high rate GNSS receivers co-located with meteorological sensors are 

being operated by CSIR C-MMACS at the Andaman Islands for past few years  looking for the 

deformational pattern and relaxation of the region post-2004 Mw9.2 earthquake. Initiatives have 

been made for the real-time data transfer of this high-rate geodetic data to CSIR CMMACS 

through a dedicated data  relay network so that this region can be closely monitored. As part of 

this initiative, a real-time data archival and analysis server (figure 6.7) is setup at CSIR 

CMMACS with the capability of receiving multiple real-time geodetic data streams. We make 

use of networked Transport of data via Internet Protocol (Ntrip) which is an application-level 

protocol streaming of Global Navigation Satellite System (GNSS) data over the Internet. Ntrip is 

a generic, stateless protocol based on the Hypertext Transfer Protocol where the objects are 

enhanced to GNSS data streams. This is based on the popular HTTP streaming standard which 

is comparatively easy to implement when having limited client and server platform resources 

available. The application is not limited to one particular plain or coded stream content but by 

the ability to distribute any kind of GNSS data. It has  the potential to support mass usage and 

can be used for disseminating hundreds of streams simultaneously for up to thousand users 

possible. Also, real-time version of the kinematic geodetic GNSS data processing program 

trackRT is setup for real-time analysis of the stream. 

 

 
 
Figure 6.7 Schematic diagram of the analysis server setup for near real-time analysis for precise point-
positioning(ppp) using data streams from CGPS sites of Andaman Nicobar Islands. 

 
Anil Earnest, Rajeev Krishnan, MSM Vijayan and Sridevi Jade 
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6.7 Large Trench Parallel Gravity Anomalies (TPGA) and Seismogenic 

Behavior at Andaman Nicobar Subduction Zone. 
 
Through this study we tried to look for any 

possible correlation between the zones of 

the great earthquake occurrences and 

subduction zone trench-parallel gravity 

anomaly variations along the Andaman–

Nicobar margin. The spatial correlation 

(figure 6.8) shows that zones of strong 

negative gravity anomalies are the regions 

where great earthquakes predominantly 

occur whereas regions with strong positive 

TPGA are relatively aseismic. This is 

consistent with a model put forth by Song 

and Simons, 2003 in which spatial 

variations of seismogenic behavior is said 

to be controlled by the inherent along the 

trench variations in geometry, material 

heterogeneity and the variations in long-

term frictional properties and shear 

tractions on the plate interface. This in-turn can be effectively used in delineating zones of 

probable plate boundary ruptures or to have quantitative estimates on maximum slip an asperity 

can generate. 

Anil Earnest and Akhil Prbhakar# 

# 
Indian Institute of Technology, Roorkee

 

 

 

6.8 Tectonics, Structure and Topography of the Outer Himalayan belt 
 
The 'Himalaya' is a giant orogen made of different rock types of variable ages. A quick look at the 

distribution of different lithologies across the strike of the Himalaya is basic to understanding its 

evolution through time. However much of the present day Himalayan convergence is concentrated 

along the young Himalayan Frontal Zone/Outer Himalayan Belt, it does not at all rule out the activity 

of the other older parts. However it is most interesting to understand the recent to sub-recent 

deformation within the Outer Himalaya that can be key to the overall evolution of the Himalayan 

orogen through time. Integration of surface and sub-surface data from different sources has led to 

the understanding of differential evolution of the Outer Himalayan fold belt, its topography and 

impact on drainage evolution and reorganization (figure 6.9).  

 

The abrupt rise in topographic relief and its close manifestation of the underlying geological 

structure has been studied in the relatively young tectonic setting, Outer Himalayan belt. The 

growth of the geological structure closely controls the evolution of the surface topography, 

thereby subjecting it to the interaction with the surface processes and development of the 

Figure 6.8 Moment magnitude vs trench parallel 
gravity anomaly (TPGA) values  of Andaman Nicobar 
subduction zone. It shows that higher magnitude 
mega-thrust ruptures are generally located at zones 
between -70 to 70 mgal TPGA. 
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Figure 6.9 Topography of the study area. a) DEM and watersheds delineated on the Mohand ridge. Numbers 
correspond to those in the text. b) Satellite imagery showing the NW–SE trending Mohand ridge that is well 
separated from the Lesser Himalayan ranges, towards NE, by the ‘dun’ valley.   
 

drainage network, 'neodrainage'. 

The surface geology and sub-

surface seismic profiles have 

been integrated to work out the 

geometry of the present day 

structure. Further, based on 

geometric attributes and tectonic 

wedge theory, the geometry of 

the structure has been modelled 

(figure 6.10). This clearly 

demonstrates its evolution 

through time, since the inception. 

Structural geometry has been 

collated with the present drainage 

system along the evolving 

structure. Drainage information 

Figure 6.10 Evolutionary model of the fault-related fold and inferred watershed development based on the 
processes discussed in the text. FC is the fold crest and RC is the ridge crest. (a) Before the thrusting starts 
there is no folding, and therefore no topographic buildup and watersheds are developed. (b) As thrusting 
starts, the hanging wall begins to fold and the topography builds in the form of a ridge. This results in the 
development of watersheds that are almost symmetric at this initial stage of fold/ridge growth. (c, d) As the 
fold/ridge continues to grow, the watersheds on the forelimb or the southern flank in this case begin to grow 
by headward erosion and erode across the fold crest, giving rise to a new ridge crest. This allows the forelimb 
watersheds to grow larger in size and less in number. In response, the watersheds on the backlimb tend to 
grow smaller and also larger in number. (d) The process of watersheds enlargement continues on the forelimb 
whereas watersheds on the backlimb continuously decrease in size while increasing in number. 
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and stream profiles, clearly corroborate the various stages of growth of the underlying geological 

structure and also the present day interaction of the two (figure 6.10).  

 Tejpal Singh 

 
 

6.9 Impact of a Priori Zenith Delay on Temporal and Spatial Variability of 

GPS PWV  
 
Estimation of Precipitable Water Vapour (PWV) using Global Positioning System (GPS) is 

dependant on the estimation strategies used in GPS data analysis, especially on modelling the a 

priori tropospheric Zenith Hydrostatic Delay (ZHD) and mapping functions. The impact of a priori 

ZHD derived from Global Pressure and Temperature (GPT) model developed by Boehm et al. 

(2007) over conventional Standard Pressure and Temperature (STP) model significantly 

improves the PWV estimates. However, recent studies revealed that the improvement is site 

specific (Tregoning and Watson, 2007). In the present study, the site specific impact of a priori 

ZHD derived from Observed Pressure and Temperature (OPT) over GPT on PWV estimates 

have been evaluated at Indian GPS stations collocated with meteorological sensors for the 

period of three years. The difference between PWV thus estimated significantly varies across 

summer, monsoon and winter seasons (figure 6.11). It is also observed that the diurnal and 

spatial variability of PWV is prominent during „wet‟ seasons and during passage of weather 

fronts while using a priori zenith delays derived from OPT than GPT (figure 6.12). Particularly, 

the significant variability in PWV estimates between sites with short baselines (~6 km in our 

case) could be better resolved by using a priori ZHD derived from OPT than GPT. Further, the  

 

 
 
Figure 6.11 Season wise difference in PWV(dPWV) estimates while using a priori ZTD modelled from GPT and 
OPT 
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Figure 6.12 Diurnal variability of PWV and dPWV at different seasons estimated using a priori ZTD modelled 
from GPT and OPT  
 
effect of surface temperature on PWV estimated by both the methods were also studied by 

comparing it with PWV estimated using the spatial variability function proposed by Jade and 

Vijayan (2007) for removing the dependence of weighted mean atmospheric temperature. 

 

M S M Vijayan, T S Shrungeshwara and Sridevi Jade 

 

 

6.10 Three Dimensional Dynamic Modelling of a Landslide  

 
Monitoring of a active landslide requires dense network of continuous or campaign GNSS 

measurements in kinematic and RTK mode to give surface deformation in near real time and 

post processing modes. The movement of a specific landslide can then be modeled using three 

dimensional dynamic models where the motion of a specific landslide is represented as a 

function of position, time and causative factors like precipitation, ground water changes, rock/soil 

type, seismic activity, urbanization etc. These generalized dynamics deformation models for 

landslide would aid in determining the risk posed by a specific landslide. Continuous/campaign 

GNSS monitoring gives ground deformation in the temporal domain i.e gives  precise 

displacement rates over a period of time at the network points. This information can be 

integrated with digital terrian images, satellite images  and laser scanning to cover the entire 

surface of landslide to provide deformation  data of an active  landslide development in a 

continuous spatial-temporal domain which would in turn aid in realistic modelling of landslides. 
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There is an urgent need to focus on such integrated study to develop complete, comprehensive 

realistic landslide hazard assessment models for high landslide risk areas.  

Sridevi Jade 

 
 

6.11 TECmacs: For Probing the Ionosphere using Geodetic GPS Network to 

Study the Seismo-ionospheric Coupling 
 
A software (TECmacs) has been developed to derive the Total Electron Content (TEC) in 

Ionosphere and its variability from dual frequency geodetic GPS data to study the  TEC 

anomalies associated with seismic events. It is under testing phase. TECmacs will use both 

code and phase observables along with broadcast ephemeris from RINEX (Receiver 

INdepndent Exchange format) files. Cycle slips in phase observables will be corrected based on 

the algorithm developed by Blewitt (1990). Relative TEC estimated from ambiguous phase data 

will be levelled using absolute TEC estimated from code by phase levelling technique. The 

software could resolve the Satellite and Receiver Differential Code Biases(DCB) from the 

levelled TEC using the algorithm of Ma and Maruyama (2003). The Slant TEC will be mapped to  

 

 
 
Figure 6.13 Time series of TEC derived from GPS data and International Reference Ionosphere (IRI) model 
over different GPS stations. The GPS stations are arranged latitudinally to show the latitudinal variation of 
TEC.  
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Figure 6.14 Correlation between TEC derived from GPS data and IRI model 

 
vertical at each epoch by assuming a thin  shell ionosphere. The TEC estimated using 

TECmacs during seismically quiet conditions at various Geodetic GPS observatories were 

validated with empirical International Reference Ionosphere (IRI) model (figure 6.13 and figure 

6.14). Diurnal, seasonal and spatial variability of the TEC over Indian subcontinent is being 

studied to identify the earthquake precursors and Ionospheric perturbations associated with 

seismic events. 

M S M Vijayan, K Shimna and Sridevi Jade 

 

 

6.12 CDP stacking of Receiver Functions from the Phase I data of East-West 

Dharwar Experiment and Extension of Phase II 
 

CSIR C-MMACS established a broadband array during April 2010 in Dharwar ctaton across the 

east-west corridor in phase I. During Jan-Mar 2012, Phase 2 has been established with eight 

new stations which extends the profile NE direction with four stations, SW with two stations and 

two stations were installed between KDB and TPT to increase the resolution at possible contact 

between East Dharwar and west Dharwar (see Figure 6.15).  Stations from Phase I have been 

shifted to new locations except KDB and AGH. NE extension of profile receive REFTEK 130 

data logger with Lennartz 5s sensors, which was procured last year.   

 

Earthquake waveform data (recorded at 100 sps) is archived regularly. Teleseismic earthquake 

waveform was extracted based on USGS earthquake catalog from data archive and converted 
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 to SAC format. Receiver function is calculated by 

using time domain iterative deconvolution (code 

written by Ammon) for all distant earthquakes 

recorded.    

 

Receiver functions from stations deployed in Phase 

I (see Figure 6.15) and operated by NGRI have 

been used to image the crust and upper mantle 

using common conversion point (CCP) time to 

depth migration of radial receiver functions. Zhu 

(2000) carried depth migration of receiver function 

out using the Common Conversion Point (CCP) 

method described. The amplitude vector for each 

receiver function (corrected for the effect of incident 

angle) is back-projected along a ray path calculated 

for a standard earth model.  

 

 

 
 
Figure 6.16  CCP depth-migrated receiver function profile along AA’ for phase I (see  Figure 6.15). The 
interpreted Moho is marked as a thick green line and dotted where  it has been extrapolated in region of poor 
data coverage.  
 
The resulting CCP depth migration for profile AA‟ is plotted in Figure 6.16. The crust-mantle 

boundary is clearly visible beneath the Dharwar craton as the only laterally continuous strong 

amplitude positive interface. The general trend is thicker crust beneath Western Dharwar at ~42-

44 km depth from station MHR to TPT and thinner crust beneath eastern Dharwar at ~38-40 km 

depth from station KDL to GBA. Moho interface from KBC to NTR showing weak or unclear 

phase which may be the possible contact between east and west Dharwar. Station KBC has 

very few receiver functions (poor data) which leads us to operate two more station  between 

KBC and KDB in Phase II. Addition of these two station data could increase the resolution. In 

western part of profile from, an intra-crustal positive phase observed at ~20 km depth with 

continue to TPT and disappear beneath east Dharwar. 

Ashish and Imtiyaz A Parvez 

Figure 6.15 Regional map of South India showing 
locations of C-MMACS stations in Phase I (blue 
triangle), NGRI stations (circle black) and location of 
station in Phase II (red triangle).. 
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6.13 Generation of 1x1 Degree Velocity Model of India for the Preparation of 

Neo-Deterministic Seismic Hazard Map 
  
The Indian subcontinent has one of the 

most earthquake prone areas (Himalayan 

belt) of the world. Several great 

earthquakes have visited the Indian 

subcontinent during the last two centuries. 

The Himalayan belt is still an active orogen 

and possesses the potential of great 

earthquakes, which threatens the millions 

of lives living in the foothills of the 

Himalaya. In order to minimize the 

economic and human live losses from 

great earthquakes require a constant 

analysis of seismic hazard after certain 

time interval in a changing scenario. First 

Deterministic hazard map for India and 

adjacent areas was published almost a 

decade before in 2003 by CSIR C-

MMACS. Last decade has witnessed an 

increased activity in seismological 

experiments and provide more detailed 

and denser information of subsurface 

structures.  Now, there is a need to revise 

the existing deterministic hazard map with 

high-resolution structural model, new 

available focal mechanism data, extended 

source types and updated earthquake 

catalogue.  

 

In order to revise the hazard map, compiling all published data from various seismological 

experiments has generated a new 1x1 degree velocity map of India. Indian map was divided into 

grid of 1 x 1 degree and constitute 387 cells, which include Nepal, Bhutan, Bangladesh and 

Andaman & Nicobar island regions. Most of the cells have square shape except at the edges, 

which were terminated at political boundaries (see figure 6.17). All Velocity data were collected 

from broadband studies, DSS studies and surface wave data. For each cell two files were 

generated for shape (por files) and velocity (stp files), which contain P wave velocity, S wave 

velocity, density, layer thickness, Qp and Qs for the structure (see Figure 6.18). Southern India 

region is fairly well covered by receiver functions experiments while some regions have poor 

coverage or no coverage. In case of poor coverage, velocity models are copied for the cells, 

which fall, in similar geological regions and surface wave data is used to cover regions with no  

 

 

Figure 6.17 The map showing 1x1 degree grid of the 
Indian subcontinent where updated velocity structure 
is being generated for modeling and simulation of 

ground motion. 
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coverage. Velocity models were averaged 

out for the cells where more than one 

result was available. Most of the data 

were taken from published results while 

few models were obtained  through 

personal communications. The new 

hazard map will receive 1x1 degree 

velocity model along with updated 

earthquake catalogues and faults 

information. 

 

Imtiyaz A Parvez and Ashish 

 

 

6.14 Propagation of Torsional Surface Waves in an Inhomogeneous 

Anisotropic Fluid Saturated Porous Layered Half Space Under Initial Stress 

with Varying Properties 
 

We study the behavior of torsional surface waves when it propagates through inhomogeneous 

fluid saturated porous layer, which is lying over homogeneous porous half space. We assume 

both the mediums under compressive initial stresses and the analysis is based on the Biot‟s 

theory. We present numerical calculations for an inhomogeneous fluid saturated porous layer 

lying over homogeneous half space. The effect of compressive initial stress and porosity of the 

layers in the propagation of torsional surface waves have been studied. 

 

It has been observed from the present study that the torsional surface wave exists in a fluid 

saturated inhomogeneous porous layer over the homogeneous porous half space. The effect of 

compressive initial stress of the inhomogeneous porous layer on the velocity of the torsional 

waves has been studied. For a fixed value of non-dimensional wave number (kH) the velocity of 

torsional surface wave decreases due to increase in initial stress parameter (ξ1 ) of the porous 

layer.  

 
Figure 6.19 Comparison of inhomogeneity variation in phase velocity, with respect to wave number (kH) for 

initial compressive stress ξ1  of the layer 

Figure 6.18  Lithospheric structure (no 356) for 1x1 square 
polygon shown in Figure 6.17. Density, P- and –S wave 
velocities, and the corresponding quality factor are shown 
for the first 100 km depth. 
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The velocity decreases with the increase of density parameter (d0). As the inhomogeneity factor 

(k/α) increases the phase velocity decreases but the velocity is more in the case of hyperbolic 

variation of inhomogeneity and less in case of linear variation of inhomogeneity. Here, we have 

compared all four variations of inhomogeneities with each other for the torsional surface waves 

and found that hyperbolic variation moves faster and  linear variation moves slower as 

compared to the other two quadratic and exponential variation (figure 6.19).  From our study we 

can say that velocity of torsional surface wave reduces in presence of inhomogeneity of the 

medium. It is also found that if both mediums are homogeneous then the torsional wave mode 

changes to the love wave mode. 

Sushant Shekhar and Imtiyaz A Parvez 

 

6.15 Effect of Inertial Coupling on Acoustic Wave Propagation and 

Attenuation in a Porous Medium Containing Two Immiscible Viscous Fluids 
 

This study is concerned with the Acoustic wave propagation in a porous medium containing two 

immiscible viscous fluids. The propagation of attenuated waves in porous solids saturated by 

two immiscible viscous fluids. The equations of motion from Lo et al. (2005)  are solved for the 

propagation of harmonic plane waves. The solution is obtained in the form of Christoffel 

equations, which provide the complex velocities and polarizations of four attenuated waves in 

the medium. A particular specification of complex slowness vector is considered to define a 

general inhomogeneous propagation of an attenuated wave. Reflection is studied for the 

incidence of an inhomogeneous wave at the free plane boundary of the porous medium. 

 
Figure 6.20  Energy shares of reflected (Pp , SV, Pl, Pg ) waves, incident wave and reflected waves interaction 
and interaction among reflected waves; variations with incident direction (θ ) and inhomogeneity parameter 
(δ); incident Pp wave. 
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An energy matrix is calculated, which defines the shares of four reflected waves in the incident 

energy. This matrix also identifies the energy due to the interaction between various 

inhomogeneous waves in the medium. This is required to ensure the conservation of incident 

energy at the boundary. Numerical examples are considered to discuss the effects of 

propagation direction, inhomogeneity parameter of the incident wave and the partial opening of 

surface-pores on the energy partition. In this study, the porous solid refers to porous solid matrix 

saturated with fluids whereas, without saturation, it is referred to as porous matrix. For 

convenience, the two immiscible pore-fluids are identified as gas and liquid. 

 

Partition of incident energy among reflected waves is calculated at the reflecting boundary. 

Conservation of the incident energy is obtained for the presence of interaction energies due to 

the interference of incident and reflected waves. 

 

Sushant Shekhar and Imtiyaz A Parvez 

 

6.16  Study of Shear Wave Velocity Structure and Site Effects at 25 Selected 

Sites in Delhi City Using Microtremors 

 
Earthquake Risk evaluation Center (EREC), India Meteorological Department is in the process 

of Seismic Microzonation of Delhi and in the process of generating intensive data set through 

geotechnical, geophysical investigations to understand the transfer function due to variable soil 

characteristics in different 

geological domain of NCT Delhi.  

EREC is also undertaking several 

investigations at about 25 sites for 

generating empirical relation for 

shear wave velocity. CSIR C-

MMACS has been asked to conduct 

the microtremor array observation 

along these sites in NCR and 

provide the detailed information on 

subsurface shear velocity structure 

and the site effects.    

 

We conducted the field experiment 

along these sites in NCR as shown 

in the figure 6.21 using single 

station and an array of seven 

stations at each location. We have 

used seven stations of Lennartz 

seismometer (5 sec period) and 

CityShark-II data acquisition 

system.  Microtremor, the low 

 
Figure 6.21 The Geological setting of Delhi city  and sites 
used for conducting the microtremor  array survey. 
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amplitude seismic waves which are 

present everywhere at the Earth‟s surface 

and represent a low-energy wave field 

consisting of interfering waves propagating 

from a range of different sources and 

directions, at many frequencies. 

Microtremors with frequencies above 1 Hz 

are generally associated with man-made, 

cultural sources (such as road traffic, 

trains, machinery, etc.), while those below 

1 Hz are associated with natural 

phenomena such as wind and wave action 

and variations in atmospheric pressure. 

Single station data have been generated 

and used to model the H/V spectral ratio to 

get preliminary information about the 

thickness of the bedrock. Figure 6.22 

shows the H/V spectral ratios at selected 

sites and the estimated fundamental 

frequency and corresponding thickness of 

the sediments. The analysis of 

microtremor array data is under process 

and will be used to validate the results of 

sub-surface shear wave velocity structure, 

once the geotechnical data is available 

from EREC.  

 

 Imtiyaz A Parvez, Ashish, Preeti and Sushant 

Shekhar 

 

 

 

6.17 Ground Motion Simulation from a Local Large Earthquake in Delhi City 

 
Seismic hazard assessment in terms of ground motion simulation constitutes one of the principal 

components of the pre-disaster mitigation effort particularly in megacities. Since Delhi is under 

perpetual threat of pronounced seismic perturbations due to the Himalayan, regional and local 

earthquakes, we have already simulated the ground motion for Himalayan and regional 

earthquakes at bedrock level using extended source to study the seismic hazard.   In this study, 

we have modeled and simulated the ground motion from a local earthquake of Magnitude 

Mw=7.8, at a distance of 30 km using three different types of source functions, viz, size scaled 

point source, space and time scaled point source and extended source. With the complete time 

histories (displacements, velocities and accelerations, from which the peak amplitudes have  

 

Figure 6.22 H/V spectral ratio of selected sites in Delhi 
city using the St#1 of the microtremor array. 
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been extracted), we have jointly used the displacement response spectrum to characterize the 

seismic input at Delhi. The radiation pattern of the peak amplitude of displacement, velocity and 

acceleration, have been represented in polar diagrams of peak amplitude versus strike receiver 

angle. Such an example of radiation pattern for displacement and acceleration are shown in 

figure 6.23 and 6.24 respectively.  The results obtained in this study indicate that the seismic 

hazard potential in Delhi city due to a possible large local is generally high, particularly for high 

frequency acceleration. With the complete time histories (displacements, velocities and 

accelerations, from which the peak amplitudes have been extracted), we have also jointly used 

the displacement response spectrum to characterize the seismic input at Delhi. In fact, not only 

it  is of great significance to the modern displacement-based design engineering approaches, 

but also it is probably the best parameter to characterize the destructiveness potential of 

earthquakes impact on sites.  There is a speculation of such a large earthquake to occur in Delhi 

and surroundings and thus assessing the seismic hazard in surrounding region and particularly 

in  Delhi, is very important. To prepare a sufficiently large database of recorded strong motion 

signals that could be analyze in order to define the inputs for seismic hazard is ruled out and 

thus the only remedy is to simulate theoretical signals based on the knowledge of the physics of 

the earthquake and of the wave propagation. This study quantifies the hazard parameters in 

terms of displacement, velocity, acceleration time histories and response spectra related to 

earthquake engineering interest. It can be used reliably to formulate building codes with a great 

impact on the effective reduction of their seismic vulnerability. 
 

Imtiyaz A Parvez, Fabio Romanelli* and G F Panza* 

*University of Trieste, Italy  

Figure 6.23 Radiation pattern of the peak ground 
displacement (cm) versus the strike receiver angle 
(from 0-360°) for extended source model. 

Figure 6.24 Radiation pattern of the peak ground 
acceleration (cm/s2) versus the strike receiver angle 
(from 0-360°) for extended source model. 
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6.18  Estimation of the maximal magnitude for Himalayas and surrounding 

regions based on Unified scaling law of earthquakes 

 
The Himalayas and surroundings have experienced several great earthquakes of magnitude 8 

and above in the past, inflicting heavy casualties and economic damage. One way to mitigate 

the destructive impact of earthquakes is to conduct a seismic hazard analysis and take remedial 

measures. Of course, the errors in the analysis mislead to unexpected economic and human 

losses.  

 

Seismic reality evidence many contradictions to the model assumption of a stationary Poisson 

point process with annual rate of N(M), which according to the well-established Gutenberg-

Richter law is parameterized in a log-linear form (Molchan et. al., 1997).  Eventually, a response 

to these leads to complications of the existing hypotheses by introducing sequences of main 

events and their associates (fore- and after-shocks) superimposed with hypothetical distributions 

of the associate size, time and location. Therefore estimation of N(M) at a given site of interest 

remains the basic source of erroneous seismic risk assessment (Kossobokov & Nekrasova, 

2012), as well as the basic source of inadequate seismic engineering decisions (Davis et al., 

2012).  

 

The results of the global and regional analyses (Keilis-Borok et al., 1989; Kossobokov & 

Mazhkenov, 1994; Kossobokov & Nekrasova, 2003; Nekrasova & Kossobokov 2007; 

Nekrasova, 2008) imply that the recurrence of earthquakes at a seismically prone site, for a 

wide range of magnitudes M and sizes L Î (L-, L+), can be described as Unified Scaling Law for 

Earthquakes (USLE) by the following formula: 
 

     N(M, L)=10A´10B´(5-M)´L C           (1) 

                               

where L´L is a square embedding seismic locus and A, B, C are constants. One can use the 

long-term estimates of the USLE coefficients to characterize seismic hazard in a rather 

traditional terms of maximum expected magnitude and/or macroseismic intensity, Peak Ground 

Acceleration (PGA), etc. Specifically, 
 

 Consider the values of A, B, and C obtained for grid points of a regular l×l mesh of 

centers of the L0 ´L0 cells of interest, where L0 Î (L-, L+) is the predefined constant used in 

the analysis of sizes.  

 Using formula (1) for magnitude ranges from M- to M+ with Dm-magnitude step calculate 

the expected numbers of events in T years in the cells of interest, NT(M,L0) = T × N(M,L0).  

 For each cell find the maximum magnitude with the expected number NT(M,L0) ≥ p% and 

assign the intensity or PGA value that corresponds to this maximum magnitude.  

 

Presumably, the value of hazard assigned to a cell of interest in such a way indicates an 

estimate of the traditional one with the p% probability of exceedance in T years.  
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Figure 6.25 The distribution of the USLE coefficients: Coefficient A represents logarithm of seismic activity 
adjusted to recurrence of magnitude 6.0 earthquakes, B characterizes the balance between magnitude 
ranges, and C corresponds to the estimate of the fractal dimension of seismic locus. 

 

In this study, we accept the hypothesis that the seismic process is self-similar, at least locally, 

and estimate the coefficients A, B and C using the Scaling Coefficients Estimation (SCE) 

algorithm.  We analyze the earthquake catalogues from USGS and NEIC and provide the maps 

of the A, B and C coefficients for the different scales and discuss their likely relationship with 

observed continental deformation and related structure of the Earth. We also discuss the usage 

of these parameters in seismic hazard assessment, as well as in describing the seismicity flow 

before major events in the region.   

 

Vladimir G Kossobokov*, Imtiyaz A Parvez and Nastia Nekrasova* 

*IIEPTMG, Mosoow 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 



 

 

 

7 
 

CsIR - 800 Activities  
 

Report of work done at CMMACS in the CSIR800 Program (2011-2012) 

 
Creating the 12th  Plan document 

 

During the 11 plan period, CSIR implemented the Rural Development, SC/ST, Women, North-

East and Tribals (RSWNET) program as its societal outreach effort.  Many of the projects had 

strong support from entrepreneurs and beneficiaries in rural communities because of the 

benefits the technologies brought them.  Even so, CSIR saw many facets of RSWNET that 

could be improved.  Accordingly an overarching program for the 12 Plan, CSIR 800, was 

conceived to improve the impact of the technologies and target a larger beneficiary group of 1 

million citizens presently below the poverty line by improving their incomes and improving the 

quality of their lives.   

 

These features were used to formulate a CSIR800 program that was included in the CSIR 12 

Plan document. After reviews by an expert group of the Planning commission the CSIR 12 Plan, 

including the CSIR800 program, received the required clearances. 

 

CSIR-800 Mission 

 Inclusive growth and improved quality of life for India’s 800 million citizens through 

science and technology interventions that are socially and economically relevant 

 

CSIR-800 Vision 

Measurably augment incomes and quality of lives of 1 million citizens through targeted 

technological interventions, and enrolling partners for its implementation. 

 

Objectives 

The objectives of the CSIR800 program are two-fold: 

 

Augment incomes of the target group by: 

 Creating new business opportunities, with sustainable technology, for new 

entrepreneurs; 

 Developing capacity of entrepreneurs in various aspects of small business enterprises; 

 Providing entrepreneurs with end-to-end business plans; and 

 Providing eco-friendly S&T intervention solutions that remove drudgery. 
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Improve the quality of lives of the target group by: 

 

 Providing potable drinking water in water-scarce regions; 

 Dignifying rural women through access to sanitation; and 

 Improving food security in the TECH-VILs 

 

12th PLAN STRATEGY of CSIR800 

 

The important implementing stages of the 12th Plan will be:  

(a) Communities define their needs,  

(b) Social and natural scientists map needs to potential technological solutions,  

(c) Solutions brought to a Design Table and refined to suit specific community needs, &  

(d) community entrepreneurs are identified and groomed to ensure sustainability. 

 

 

 

 

 

 

 

 

 

Implementing the CSIR800 scheme 

 

The CSIR800 program is scheduled for rollout in at least 24 districts across the country. The 

first rollout in Raisen District, Madhya Pradesh started in April 2012.  

 

Typical steps being followed across the country are: 

 

 The CSIR lab in the state sensitizes state agencies of the CSIR800 program; 

 Anodal village in a hamlet of a backward district is identified from where the program will 

operate. The hamlet size is chosen to be typically ~ 40,000 folks;  

 Independent baseline surveys are conducted in all the hamlets ensuring the right 

direction of technology flows. These baselines also serve to quantifiably check 

performance over the 12 Plan; 

 In parallel to this exercise, a small Gram Vigyan Kutir (GVK) is constructed in one of the 

villages in the hamlet. This GVK will indicate CSIR’s long-term commitment to the 

program and also serve as the platform from which CSIR will disseminate community-

requested technologies. CSIR scientists will provide the training and expertise to 

community entrepreneurs on the product. This village is referred to as the TECHVIL for 

the district(see below for TECHVIL Concept); 

 

 The establishment of a TECHVIL is widely advertised to local academic, business and 

professional organisations. When a TECHVIL community identifies a technology not in 

 TESTING 

 AWARENESS 

 ENTREPRENEURS 

 PRODUCTION 

 SALES 

MAPPING 

NEEDS TO 

TECHNOLOGI

ES 

PACKAGING 

&INNOVATI

ON 

NEEDS 

ASSESSME

NT 

COMMUNITY FEEDBACK 
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CSIR's portfolio, CSIR will source all sectors of society to suggest solutions. Partners 

are therefore key to CSIR800 success, enrolling as they do a wide diversity of society to 

address national social problems; 

 

It is expected that technology dissemination will progress outwards from the original TECHVIL 

to cover all the villages in the hamlet of ~40,000 people to reach the target of 1 million citizens 

during the 12 Plan. We hope that many different  models will be encountered to allow replication 

to other hamlets in future. 

 

Showcasing CSIR800 at the Indian Science Congress 

 

The 99th Indian Science Congress was held at Bhubaneshwar from 3 to 7 Jan 2012 where 

CSIR occupied a special pavilion. Against a large backdrop, CSIR Societal projects were the 

major showcase in the pavilion. In a departure from the traditional brochures that are distributed 

CSIR distributed "Calling Cards" that encouraged visitors to visit the CSIR800 web site 

(http://www.vigeyegpms.in/csir-800/) and indicate their willingness to contribute to technology 

dissemination in their district. The site had over 900 hits during the week. 

 

 
 

CSIR Technology Workshop 

 

CSIR labs had earlier submitted proposals of societal outreach for the 12 Plan. It was seen as 

important for scientists from the different labs to meet, look for areas where larger proposals 

could be created by combining individual efforts within the 8 themes proposed for the 12 Plan. A 

CSIR Technology workshop was therefore organised at CMMACS in Jan 2012. 

 

In preparation for the main workshop, 14 scientists from CSIR labs attended a 1 day workshop 

for a briefing on the role they were expected to play at upcoming workshop. Two coordinators 

were assigned to each thematic group and they were briefed on the process to follow in turning 

out defensible FP7 proposals that integrated the over 65+ projects into a smaller number of 

integrated ones.  

 

Backdrop poster at the Indian Science Congress 

 

http://www.vigeyegpms.in/csir-800/
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Four questionnaires were prepared and uploaded on specifically assigned space in 

http://www.vigeyegpms.in/csir-800/#. Participants were allocated a password for uploading their 

project to capture information through specifically designed questionnaires. This exercise 

helped in (i) creating an information archive on the technology development process and 

community outreach – successes and failures; (ii) developing XII Plan technology proposals for 

sustainable rural development, synergizing strengths of sister CSIR laboratories; and (iii) 

evolving generic models of outreach (Implementation Plan) 

 

The main workshop was inaugurated on 28 Jan 2012 with a round table discussion at which the 

DG joined on a Skype video conference call. Since disseminating CSIR800 products to 

communities would require agents of out-reach and awareness-raising, several entrepreneurs 

and NGOs were invited to present their work and experiences. Procter and Gamble, SELCO 

India, Embrace (a start-up by Stanford University graduates) and others attended and 

contributed to the discussions at the workshop inauguration. 

The workshop concluded on 31 Jan evening.  After many months of further hard work the earlier 

set of projects were melded into 14 major proposals within the 8 thematic groups of the 12 Plan.  

These are captured in the table below. 

# Broad Theme Titles 

1  
Low Cost 

Housing 

Green & innovative technologies for building rural infrastructure 

(Build) 

Frugally improvised ancient Indian coracle for inland water 

transportation 

2 
Energy 

Efficiency 

Eco-friendly kitchens for Rural Households 

3 
Sustainable 

Energy 

CSIR solar technologies for Rural India 

Sustainable Energy solutions for technology villages   

4 Waste to Wealth  
Dissemination of resource RECovery Technologies and empowering 

half a million people for better livelihood (DIRECT) 

5 Potable Water Safe drinking water – A giant leap 

6 
Value Added 

Agriculture 

Cultivating prosperity through medicinal & aromatic plants 

Improving livelihood of low income community in coastal and other 

saline environment 

Integrated sericulture through innovation approach for self 

employment and income generation 

Sharpening skills for income augmentation/ enabling women 

entrepreneurs & farmers in food processing 

It enabling women entrepreneurs & farmers in food processing 

Augmenting income through value added floriculture (FLORI) 

7 
Affordable 

Health  

Affordable health and nutritional solutions for Rural India (A-HANS) 

 

 

 

http://www.vigeyegpms.in/csir-800/
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ROLLING OUT CSIR800  

 

In its first phase the program would be sited in 24 

backward districts where TECHVILS would be 

established.  These districts were selected from the list of 

100 districts, identified most backward by Planning 

Commission and where UNDAF (UN Development Action 

Framework) and PACS (Poorest Areas of Civil Society, 

UK) also had initiatives. 

 

In co-ordination with AMPRI Bhopal, a village Tumada 

Kheda in the forest belt of Raisen district of Madhya 

Pradesh was selected as the first TECHVIL. 

 

The National Innovation Council has shown interest to scale up 5 CSIR Technologies for 

dissemination in rural areas. Organisations such as NRDC were approached who have offered 

training and outreach to entrepreneurs. 

 

Three students from Symbiosis school carried out their dissertation work in the program. They 

prepared posters to attract students to work in the program. Additionally, contacts were made 

with social science organizations, NGOs and individuals, as potential partners. 

 

A Management Schema was drawn and the process to appoint appropriate human resources is 

on. 

 

Selected Backward 

Districts  



 



 

 

 

 
 

Research Publications and 
Other Informations 
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Knowledge products: publications, presentations….. 
 
 

 

 

 
Knowledge creation, knowledge enhancement, knowledge dissemination and 

knowledge management have been among the core activities of C-MMACS. Ever 

since its inception, CMMACS has maintained a high knowledge output in terms of 

publications and other scientific programmes-knowledge synthesis and exchange 

through conferences, workshops, brainstorming sessions, etc. 

 

 

 

 

 

 

 

 
Inside 
 
 

 Publications in Journals 

 Publications in Books/Proceedings 

 Presentations in Conferences/ Symposia/ Workshops/ Seminars 

 Internal Reports  

 Participation in Conferences/ Symposia/ Workshops/ Training Programmes 

 Invited Talks 

 Visitors at C-MMACS 

 Guest Lectures 
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Variability of GPS based PWV, International Workshop on GNSS Remote Sensing for Future 
Missions and Sciences, Shanghai, China, August  07-09, 2011 
 



101 

 

Internal Reports 

 
Goswami P, Rakesh V, Patra G K and Prakash V S, Operational Real Time Quantitative 
Rainfall Forecasts at Hobli-Level over Karnataka State, RR CM 1102, 2011    
 
Anil Earnest and Tejpal Singh, Volcanic Deformation Studies using DinSAR Techniques, PP 
CM 1101, December, 2011. 

 

Conference Symposia/Workshops/Seminars attended 

 
Anil Kumar V 
Garuda NKN Partner Meet, Bangalore, 15-16 July, 2011. 
 
Ashapurna Marndi 
CUDA Training Programme, C-DAC, Bangalore,19 - 20 May, 2011 
MS Project Training Programme, ICAST, NAL, Bangalore,16 - 18 Jan, 2012 
 
Kantha Rao B 
Workshop on HYDRUS: Modeling Water Flow and Contaminant Transport in Soils and 
Groundwater using the HYDRUS Software Packages, IISC, Bangalore, 4-5 February, 2012. 
Workshop on Ocean Data Assimilation for Coupled Models, NCMRWF, Delhi, 22-24 March 
2012. 
 
Parvez I A 
Workshop on Current Scenario of Seismic Microzonation in India, Ministry of Earth Sciences, 
CSIR Auditorium, New Delhi, 14 October, 2011. 
 
Patra G K, National Workshop on Cloud Computing, C-DAC Bangalore, 21 May 2011 

 
Rajendran K, International Conference on Opportunities and Challenges in Monsoon Prediction 
in a Changing Climate (OCHAMP-2012), Indian Institute of Tropical Meteorology (IITM) in 
association with World Climate Research Programme (WCRP) and World Weather Research 
Programme (WWRP) of World Meteorological Organization (WMO), Pune, 21-25 February, 
2012. 
 

Sushant Shekhar, 3rd Training/Workshop on Planning and Preparing A Best Ph D Thesis of  
An  International Quality, CSIR CLRI, Chennai, 13-15 February 2012. 
 
Vijayan M S M, YOUTHSAT Workshop on Data Utilization for Ionospheric Studies and Hands-
on Training, Space Physics Laboratory, Vikram Sarabhai Space Centre, Thiruvananthapuram, 
14-15 Oct., 2011 

 

Invited Talks 

 
Anil Kumar V 
Internet Malicious Incidents Inference through Unsolicited Network Traffic Analysis, National 
Seminar on recent Trends in Network Security and Cryptography, PESIT Bangalore, 29-30 
June, 2011. 
 
Indira N K 
Atmospheric Carbon Cycle Modelling, Inaugural lecture in the National Seminar on Advances in 
Mathematical Modelling, PSGR Krishnammal College for Women, Coimbatore, 2 Feb. 2012. 
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Parvez I A 
Ground Motion at bedrock level in Delhi City from different earthquake scenarios, International 
Workshop of Indo-Norwegian Meet cum Workshop on Geo-Hazards, 12-14 September, 2011 
 
Eathquake Hazard Quantification in the Indian subcontinent, Expert Group Meeting of SAARC 
countries on Seismic Hazard Assessment for South Asia,16-17 December, 2011, SAARC 
Disaster Management Centre, New Delhi. 
 
Modelling and Simulation of Ground Motion for Earthquake Hazard Quantification in 
Symposium on Exploring new ideas in science, 16 September, 2011, CSIR C-MMACS. 

 
Patra G K 
Non-number Theoretic Key Agreement Algorithm based on Neural Network and its Application 
as a Light Weight Stream Cipher, 6th Innovative Conference on Embedded Systems, Mobile 
Communication and Computing, PESIIT, Bangalore, 16 August 2011   
 
Rajendran K 
On the Role of Atmospheric Dynamics on Indian Monsoon, Meteorological Research Institute, 
Tsukuba, Japan, 30 January 2012. 
 
Monsoon under Warming Scenario: High Resolution Projection by a Global Climate Model, 
National Seminar on Climate Change, Goa Science Centre, Goa, 21 July 2011. 
 
How Good are The Simulations of SST-Rainfall Relationship in Atmospheric and Coupled 
Models?, International Workshop on Monsoon Variability, 17-19 August 2011, Indian Institute of 
Science, Bangalore. 
 
High Resolution Climate Modeling: Projected Changes in Climate Patterns over Kerala, 2nd 
Working Group Meeting, Environmental Management Agency, Thiruvananthapuram, 30 
September 2011. 
 
Modeling of Climate and Climate Projections: A Data Intensive Paradigm, National Training 
Program on Climate Change and Geospatial Technology, CSIR NISCAIR, New Delhi, 16th 
March 2012. 
 
Sajani Surendran 
Impact of Aerosol Radiative Forcing on Indian Summer Monsoon, International Workshop on 
Monsoon Variability, Indian Institute of Science, Bangalore, 17-19 August 2011. 
 
Seshu P 
Optimization of Passive Suspensions for Vehicles, Workshop on Mathematical Modeling and its 
Applications, Department of Mathematics, BMSIT Campus, Bangalore, 13 April 2011. 
 
Computational Mechanics of Mechanical System, CMERI, Durgapur, July 19, 2011. 
 
SPARK: A Research Initiative at C-MMACS, Amrita University, November 2011. 
 
Application of Mathematics in Industrial Research, Dept. of Maths, Lakshmibai College, Delhi 
University, 19 January 2012. 
 
Road Friendly Suspension Design for Heavy Vehicle, Civil Engg Dept, IISc, Bangalore, 3 
February 2012. 
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Sridevi Jade 
GPS and InSAR Integration, Centre of Studies in Resources Engineering, IIT Mumbai, August 
2011 

Estimation of Crustal Deformation and Tropospheric Precipitable Water Vapor Content in North-
Eastern India using GPS measurements, National Geoscience /Seismicity Committee, Ministry 
of Earth Sciences, November 2011, Kashmir 

Advanced Research in Engineering and Earth Sciences. Information Sciences Cluster Meeting, 
December 2011, CMMACS, Bangalore 

Swathi P S 
Flexible Modelling System, Interdisciplinary Workshop on High Performance Computing, PRL,  
30 Jan – 1 Feb, 2012, Ahmedabad 

 
Ecosystem Modelling, Intensive Course on The Application of ocean colour remote sensing in 
Primary Production and Ecosystem Modelling, INCOIS and POGO, 14-15 Feb., 2012, 
Hyderabad 
 

Conference/Workshops/Seminars/Scientific Meetings at C-MMACS 

 
A Scientific Tribute to Dr.Yajnik’s Contribution to NAL and C-MMACS on the occasion of 

his 75th Birthday Celebration 

 
In appreciation of Dr K S Yajnik’s yeoman service to C-MMACS and NAL, we commemorated 
his 75th birthday with a felicitation. A Celebration of Dr Yajnik’s Contribution to NAL and C-
MMACS: A tribute from his colleagues and friends on his 75th Birthday - on April 8, 2011. 
 
Dr Valluri fondly recalled his long association with Dr Yajnik while Prof Gaur gave a special 
lecture on complex systems. Drs Madhavan and Ramesh, NAL spoke on Dr Yajnik’s 
contribution to low-speed tunnel research and others (Drs J.P.Singh, Sundaram, Krishna 
Mohan, N K Indira, M K Sharada, P Goswami, P S Swathi and M B Ananda) spoke of their 
treasured association with D. Yajnik. Dr Yajnik, in his reply to the felicitation graciously 
acknowledged all his colleagues for their kindness, cooperation and scientific contributions. 

 

Conference on CONJECTURES to CONSILIENCE through COMPUTATION : Felicitation 

of Dr.Gangan Prathap’s 60
th

 Birthday 
 

To felicitate Dr.Gangan Prathap, Director, NISCAIR & Former SiC, C-MMACS, on his 60th 
birthday a one day conference on Conjecture to Consilience through Computation(3C) was 
organized on 10th June 2011. Mr.V.Senthilkumar, Dr.Jafarali and Dr.Murali Krishna coordinated 
and organized this event at C-MMACS. Prof.P.Seshu, SiC, C-MMACS addressed the gathering 
with his welcome speech.  Dr.P.Goswami briefed the overall theme of the 3C conference. The 
morning session was chaired by Dr.K.S.Yajnik and afternoon session was Chaired by 
Dr.R.K.Ramanathan. The eminent speakers include Prof. Roddam Narasimha (Thinking 
Science : Indian U Greek = Modern) , Prof. Gautam Biswas(Free Surface Flows: Understanding 
Falling Drops), Dr. Ramakrishnan Narayanrao(Modeling and Simulation in Material Science), 
Prof. Bhagavatula Dattaguru (Computational Strategies for Damage Tolerance Evaluation of 
Aero Structures Components), Dr. Gangan Prathap (Finding Number One: Number One 
Finding – The Bibliometric Thermodynamic Consilience), Dr. Somenath Mukherjee (Prathap’s 
Best Fit Paradigm in Finite Element Computation), Dr. G.S Palani (Computational Mechanics 
for Modeling, Analysis and Design of High Performance Structures, Materials and Process 
Applications : Theory to Product), Dr. S Raja(Modeling of Multi-functional Structural Systems) 
and Dr.Ganapathi Manickam (Nonlinear Vibration of Doubly curved Composite Shells).  
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Prof. Roddam Narasimha remembered his earlier association with Dr.Gangan Prathap and 
shared few memorable incidents. He presented the memento to Dr.Gangan Prathap for his 
notable contributions in science & felicitation of 60th Birthday. The conference ended with a vote 
of thanks. 
 

Scientific Discussion Meeting on 12 FYP proposal work package and collaboration, with Prof. 

Amit Agrawal, IIT Bombay 10 May 2011, CSIR CMMACS. Co-ordinator: K Rajendran, Sajani 
Surendran and U N Sinha 
 

Discussion Meeting Bombay on 12 FYP proposal work package and collaboration with Dr. 

Subimal Ghosh, IIT, 12 July 2011, CSIR CMMACS.  Co-ordinator K Rajendran, Sajani 
Surendran and U N Sinha 
 

C-MMACS Foundation Day Celebration 15th July 2010, C-MMACS Celebrated its Foundation 

Day on 15th July 2011. The Foundation Day Lecture was delivered by Prof U B Desai, Director, 
IIT Hyderabad. Uday B. Desai received the B. Tech. degree from Indian Institute of Technology, 
Kanpur, India, in 1974, the M.S. degree from the State University of New York, Buffalo, in 1976, 
and the Ph.D. degree from The Johns Hopkins University, Baltimore, U.S.A., in 1979, all in 
Electrical Engineering.  Since June 2009 he is the Director of IIT Hyderabad. He delivered The 
Foundation day lecture on mathematical Modelling & Innovation. 

 

Exploring new ideas in science - a tribute to Prof. V.K.Gaur on his 75th birthday  

 
We were also very happy to honour Prof Gaur on his 75th birthday on September 16. He wanted 
the occasion to be an opportunity to listen to new ideas in the frontiers of science and we 
organised a symposium titled, Exploring new ideas in science - a tribute to Prof V K Gaur on his 
75th birthday and the speakers were urged to speak on topics that are contemporary, exciting 
and close to their hearts. The speakers included K S Yajnik and P S Swathi (carbon dioxide 
measurements), S S Rai and I A Parvez (broadband seismology), P K Gupta (inverse 
problems), D Srinagesh (Ground motion in the Indo-Gangetic Plains), R Srinivasan (Archean 
glaciation), Tushar Prabhu (Observation studies at Hanle), S Jade (GPS),  N K Rao (Bucky 
Balls), Veena Rao,   V Nanjundiah,  (biological roots of altruism),  P Majumdar (water 
management) and  R Srinivasan  (Go green with LED).   Prof Gaur seemed a little overwhelmed 
with the love and admiration of his peers and expressed his happiness for their long 
association.   

 

National Workshop on Climate Observation and Regional Modelling for Multi-disciplinary 

Applications (CORMMA), 09-10 December 2011, CSIR C-MMACS 

 
Weather and climate observations as well as forecasts and projections have become critical in 
enabling applications in diverse areas, from precision agriculture to disaster management to 
disease control to energy generation. The aim of the workshop is to bring together participants 
from a number of organizations to map potential applications and critical requirements for such 
an observation and modeling platform. The emphasis is on generation of actionable knowledge 
over the Indian region through integration of observation system design, model calibration and 
validation and incorporation of multi-disciplinary applications.The workshop started on 9th 
December, 2011, with an Inaugural Session followed by a Background Session that set the 
stage with Lead Talks on the major themes of the Workshop. These two sessions were 
followed by parallel meetings of nine Working Groups on the major themes. The Synthesis 
Session was on 10th December, 2011, which critically examined and integrated the 
deliberations and the recommendations from the Working Groups. A number of national 
institutes such as CSIR labs, IISc, IITs, ISRO, DRDO, ICAR, NBSS, ICMR, and Central 
Universities have participated in the conference. The outside registered participants were about 
150.  

http://www.iitk.ac.in/
http://www.iitk.ac.in/
http://www.buffalo.edu/
http://www.jhu.edu/
http://www.iith.ac.in/
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In-house Seminars/Lectures 
 

Saigeetha Jagannathan, Numerical Simulation of Buried Dislocations from GPS Derived 

Displacement Fields, 21 April 2011. 

 

Anil Earnest, Crustal Deformation and Seismic History: A Perspective from the Andaman 

Nicobar Islands, 28 April 2011. 

 

Anil Kumar V, Misbehaviour on the Internet and Associated Cyber Threats: A Comprehensive 

Study through Simulation and Real-world Experimentations, 5 May, 2011. 

 

Patra G K, Analysis of Chaotic Synchronization and its Applications to Stream Ciphers, 12 May 

2011. 

 

Ashapurna Marndi, Challenges on Scientific Database Management System, 26 May 2011. 

 

Madhukar K, The Dynamics and Rheology of Periodically Forced Particles in a Newtonian 

Fluid at Low Reynolds Numbers, 2 June, 2011. 

 

Ramamohan T R, The Dynamics and Rheology of Periodically Forced Suspensions in Simple 

Shear Flow, June 9, 2011. 

 

Anant Kant Shukla, An Introduction to Homotopy Analysis Method, 8 September, 2011. 

 

Kalyani Devasena, Coupling between Interannual  Fluctuations of Mixed Layer Properties and 

Plankton Biomass using Global Ocean Model Simulations and Remote Sensing Data, 13 

October, 2011. 

 

Revathi P G, A Network Approach to understanding Earthquake Phenomenon using Correlated 

Earthquakes, 3 November, 2011. 

 

Swathi P S, Network Design for Green House Gas Measurements- Part I: The Flux Inversion 

problem, 17 November, 2011 

 

Mohapatra G N, A Comparative Evaluation of Impact of Domain Size and Parameterization 

Scheme on Simulation of Tropical Cyclones, 15 December, 2011. 

 

Rakesh V, Real Time Quantitative Rainfall Forecasts at Hobli-Level over Karnataka: Evaluation 

for the Winter Monsoon 2010, 22 December 2011 

 

Imtiyaz A Parvez, Seismic Hazard Assessment in the Indian Subcontinent, 5 January, 2012 

 

Ashish, Shear Velocity Structure Across the Central Himalayas, 12 January, 2012. 

 

Tejpal Singh, Tectonics, Structure and Topography of the Outer Himalayan Belt, 19 January, 

2012. 

 

Ashapurna Marndi, MS-Project 2010, 16 February, 2012. 
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Madhukar K, The Dynamics and Rheology of Periodically Forced Particles in a Fluid at Low 

Reynolds Numbers, 15 March, 2012. 

 

Prabhu N, The Journey of C-MMACS HPC Platform, 29 March, 2012. 

 

Guest lectures 

 
Virendra Sule Department of Electrical Engineering IIT, Mumbai 

Solving Boolean Equations: Applications to Cryptanalysis, 14 June, 2011. 

 

Surajit Sen, Dept. of Physics, State University of New York, Buffalo, New York 

Newton's Cradle, the Fermi-Pasta-Ulam Problem and the Nonlinear Many Body Physics 

Frontier, 29 June, 2011. 

 

Ram Rup Sarkar Centre for Cellular and Molecular Biology (CCMB) Uppal Road, Hyderabad, 

Modelling Infectious Diseases: A study based on Malaria Incidence Data,  6 July, 2011. 

 

Mukesh Tiwari, Dhirubhai Institute of Information and Communication Technology (DA-IICT) 

Gandhinagar, Gujarat, Long time coherence and the Generalized Master Equation Theory, 28 

July, 2011. 

 

K P Vishwanath, Department of Mechanical Engineering, PUC-Rio, Brazil, Inertia Effective in a 

Squeeze Film Bearing using Herschel-Bulkley Fluids & Intel Momentum Flux Effects on Circular 

Hydraulic Jumps, 4 August 2011. 

 

Sauvik Biswas, Koramangala, Bengaluru, Dynamic instability characteristics of anisotropically 

damaged composite panels under harmonic in-plane and follower loading, 11th Aug, 2011. 

 

Sunil Sherlekar Intel Labs, Bengaluru, Moore's Law to Many Core: Application Scaling for the 

Next Decade, 19th Aug, 2011. 

 

Sivaram, Institute for Computational and Mathematical Engineering, Stanford University, USA, 

Fast Algorithms in Computational Physics,  25th Aug, 2011. 

 

J L McGregor, CSIRO/ Centre for Australian Weather and Climate Research, Aspendale,  

Australia, Dynamical Climate Downscaling for tropical regions of Australia and neighbouring 

Countries, 13 September 11. 

 

Swarna M Patra,  Department of Physics, Indian Institute of Science, Bangalore, Computing 

Network in Chemistry and Biology, 15 September 2011. 

 

Kirti Chandra Sahu,  Department of Chemical Engineering, Indian Institute of Technology, 

Hyderabad, Multiphase Lattice Boltzmann simulation of buoyancy-driven flow of two immiscible  

fluids in an inclined channel, 29 September, 2011. 
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Saswati Dana,  Supercomputer Education and Research Centre (SERC), Indian Institute of 

Science (IISc), Bangalore, Preservation of Positivity in Mesoscale Chemical Kinetics, 20 

October, 2011. 

 

Manish M. Joglekar, General Motors Technical Centre, Bengaluru, Analysis and Alleviation of 

Pull-in Instability in Electrostatic Microactuators, 24 November 2011. 

 

Srivatsan, L, Metacomp Technologies Pvt. Ltd., Chennai, Theoretical Modeling and Numerical 

Simulations of Multiphase Flows, February 9, 2012. 

 

Mrinal K. Sen, Director, National Geophysical Research & Institute (NGRI), Hyderabad and 

University of Texas at Austin, USA, On Some Critical Aspects of Numerical Simulation of 

Seismic Wave Propagation, February 14, 2012. 

 

Ashok, B.,  Advanced Centre of Research in High Energy Materials (ACRHEM), University of 

Hyderabad, Serrated Flow in Nanotether Formation from Vesicles, February 23, 2012. 

 

Naganand Murty,  Co-founder, Embrace & Embrace Innovations, Richmond Town, Bangalore, 

Frugal Innovation in Healthcare for the BoP, Thursday, March 22, 2012. 

 

Visitor at C-MMACS 
 

J Das Choudhury, Professor, Guwahati, 25-29 April 2011 

Kashyap Mahanta, RA, Guwahati, 25-29 April 2011 

Gernot Ziegler, CUDA Devtech Experts, Nvidia, Austria, 11 May 2011 

Greg Mckeon, Director, SGI, Australia, 12 May 2011 

Novikov Sergey, Professor, Russian Academy of Science, Moscow, Russia, 24 May- 3 June 

2011 

E A Rogozhin, Professor, Russian Academy of Science, Moscow, Russia, 24 May- 3 June 

2011 

Surajit Sen,  Professor, Univ of New York, Buffalo, USA, 26 May - 2 June 2011 

Fabio Romanelli, Researcher, Univ of Trieste, Italy, 20-29 June 2012 

Franco Vaccari, Researcher, Univ of Trieste, Italy, 20-29 June 2012 

P K Gupta,  Professor,  IIT Roorkee, 26 June - 2 July 2011 

David Scott, HPC Solution Architect, Intel, 7 July 2011 

M R Ramesh Kumar, Scientist, NIO, Goa, 22-24 July 2011 

Mukesh Tiwari, Professor, IICT Gandhinagar, Gujarat, 27 July 2011 

Michel Ramonet, Scientist, LSCE, France, 2 - 4 August 2011 

Cyrille Vuillemin, Engineer, LSCE, France, 14-16 August 2011 

D S S Sastry, IBM, New York, USA, 13-17 August 2011 

Chua Ah Swee Phillip, Vice President, Asia Pacific, SGI, Singapore, 26 August 2011 
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Mark Barrenechea, President & Chief Executive Officer, Silicon Graphic Inc, Bangalore, 26 

August 2011 

Rajeeb Hazra, General Manager, Intel India Pvt Ltd, 26 August 2011 & 22 February 2012 

John McGregor, Senior Scientist, CSIRO, Australia, 11-14 September 2011 

S S Rai, Scientist, NGRI, Hyderabad, 15-17 September 2011 

Tripathi Sahu, Professor, Berhampur University, Orissa, 25-27  September 2011 

P M Mohan, Professor & Head, Dept of Ocean Studies, Pondicherry University, Andamans, 14-

18 September 2011 

N L Mohan, Professor, Osmania Univ., Hyderabad, 14-16 September 2011 

G L Liberti, Researcher, CNR ISAC, Rome Italy, 13-22 October 2011 

R W Rinehart, Sr Vice President, Silicon Graphics System India Pvt Ltd, Bangalore, 18 October 

2011 

Shankar Trivedi, Vice president, World Sales, NVIDIA, USA, 20 October 2011 

Tim Morris, Chief Executive, NAFEMS, UK, 9 November 2011 

K Elangoran, National coordinator, NAFEMS, India, 9 November 2011 

U Chandrasekhar, Additional Director, GTRE, Bangalore, 9 November 2011 

B A Kirby, International Radar Specialist, Baron Services Inc, USA, 29 November 2011 

David Coats, SSE, Silicon Graphics, Australia,  8-9 December 2011 

Krishnamurthy Srinath, DHTS Alcatel Lucent, USA, 16 December 2011 

Cyril Caminade, Professor, Univ. of Liverpool, UK, 18-25 January 2012 

Andrew Heath, Professor, Univ. of Liverpool, UK, 18-25 January 2012 

Andrew Morse, Professor, Univ. of Liverpool, UK, 18-25 January 2012 

Chua Ah Swee Phillip, Vice President, Asia Pacific, SGI, Singapore, 19 January 2012 

Goh Eng Lim, Sr Vice President 7 CTO, SGI USA, 19 January 2012 

Thomas Garrison, Director, Intel, USA, 1 February 2012 

J P Adie, Principle System Engineer, SGI, Singapore, 2 February 2012 

Micheal S Woodacre, Chief Engineer, SGI, Singapore, 2 February 2012 

Andrew Wyatt, Vice President, Asia pacific, Cray Inc, India, 8 February 2012 

Per Nyberg, director, earth science segment, Cray Inc, 8 February 2012 

M K Sen, Director, NGRI, Hyderabad, 14 February 2012 

Ajay Manglik, Scientist, NGRI, Hyderabad, 14 February 2012 

G Ramaseshagiri, Scientist, NGRI, Hyderabad, 14 February 2012 

Dev Tyagi, Supermicro, UK, 20 February 2012 

George Michaeis, GM, HPC, Hillisboro, 22 February 2012 

Mark Spargo, GM, TCG, Intel, 22 February 2012 

Stephen Wheat, GM, TCG, Intel, 22 February 2012 

David Scott, HPC Architect, APAC, TCG, Intel, 22 February 2012 
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Seung Ju Na, Product Marketing Team, Hillisboro, 22 February 2012 

Anantha Krishna, India Today, 27 February 2012 

Krishna Kishore, Elcome Technologies Pvt Ltd, 6-7 March 2012 
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ACADEMIC PROGRAMME 
 

 

 

In keeping with its objective of developing skill and expertise in Mathematical 

Modelling and Computer Simulation in the country, C-MMACS maintains an active 

academic programme. The activities span the entire spectrum from Ph D guidence 

to undergraguate/postgraduate student projects to specialized courses. Students 

and professionals from a wide spectrum of organizations including industries 

across the country have been benefiting from our various academic programmes 

over the years. 
 

 

 

 

 

 

 

Inside 

 

 Academic Programme under AcSIR 
 

 Student Programme for Advancement of Research Knowledge (SPARK) 
 

 Ph D Students 
 

 Thesis/Project by M. Tech/BE/MCA students 
 

 Faculty Participation 
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Academic Programme under AcSIR 
 

 CSIR C-MMACS is very actively engaged with the AcSIR (Academy of Scientific & 
Innovative Research) PhD program. 20 eligible scientists have been approved as faculty for 
AcSIR. We have selected 4 PhD students in January 2011, 3 in January 2012 and 3 in August 
2012 in Mathematical and Information Science, Physical Science and Engineering Science.A 
Doctoral Advisory Committee (DAC) has been formed for each student. DAC shall review the 
progress of the research work on continuous basis.  

 

Student Programme for Advancement of Research Knowledge (SPARK) 

 
 One of the important requirements of successful research in an institute is a large pool 
of highly talented student community. In August 2011, we launched a student programme called 
SPARK, which  stands for Student Programme for Advancement of Research Knowledge. It is 
intended to provide a unique opportunity to bright and motivated students of reputed 
Universities to carry out their major project/thesis work and advance their research knowledge 
in mathematical modelling and simulation of complex systems. The programme  enables 
students to interact with CSIR C-MMACS scientists and jointly address challenging research 
problems. It is also intended to increase the interaction between scientists and faculty members 
of academic institutes along with their students towards a long term research collaboration.The 
programme is very successful. During the last 8 months, we have received a total of 203 
application from about 21 states in the country. Out of these applications 107 students were 
selected and 47 students accepted the offer and joined. The applicants include students from 
various disciplines from institutions such as IITs, NITs, Universities and other premier colleges 
in the country. The Charts below show state-wise, institute-wise, discipline-wise distribution of 
the students. 

 

 

 

 

 

 

 

 

Ph D Students 
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Goswami P 

Gouda K C, Multi-scale Modelling and Forecasting of Monsoon Weather and Processes 

Himesh S, Dynamics of Land Surface-Atmosphere Interactions: Coupled Dynamics and Scale 
Interaction 

Jurishmita Baruh, Modelling and Simulation of Air Pollution: Process Identification, Impact  

Analysis and Evaluation of Forecast Potential 

Mohapatra G N, Impact  of Local Climate Variability and Anthropogenic Processes in Extreme 

Weather Events over India 

Swapan Mallick, Development and Evaluation of an Algorithm for Objective Bias Correction of 

Dynamical Forecasts at Different Scales 

Sumana Sarkar, Multisector Application of Seasonal Forecast: Crop yield, Vector-Borne 

Diseases and High Impact Weather Events over India 

Kantha Rao, Multi-scale Modelling and Analysis of Surface and Soil processes over the Indian 

Region. 

Shiv Narayan Nisad, Analysis and Modeling of Sustainability over India under Different 

Scenarios of Climate Change and Socio-Economic Conditions 

Eswari V, Analysis of Impact of Climate Change on Wind Regimes and Implications for Wind 

Energy potential over the Monsoon Region. 

 

Parvez I A 

Sushant Shekhar, Seismic Wave Propagation in Non Homogeneous Anisotropic Incompressible 

Media  
Parul Trivedi (Saurashtra University), Source Modelling and Seismic Hazard Study in Kuchcha 
region 
  

Rajendran K        
Ipsita Putatunda, Methods of Physical Assimilation for Short Range Numerical Weather 
Prediction.  
Kulkarni Shashikant (IIT Bombay), Downscaling over Monsoon Region 

  
Ramamohan T R and Shivakumara I S 
Madhukar K, The Dynamics and Rheology of Periodically Forced Particles in a Fluid at Low 

Reynolds Numbers 
 
Ramamohan T R and Srinivas S 
Anant Kant Shukla, Development of Analytical Solutions for the Dynamics of Periodically 

Forced Particles in Simple Shear Flow at Zero Reynolds Number 

A Subramanyam Reddy, Fluid Flows in Vibrating Channels. 

 

Sridevi Jade  
A J Saigeetha, Tectonic Implications of GPS Studies in Significant Tectonic Zones of India  
Shrungeshwar T S, Active Deformation and Water Vapor Studies in Indian Subcontinent 

 
Sridevi Jade and Ashok Kumar 

Prakash Burman (Tezpur Univeristy), Estimation of Precipitable Water Vapor and Crustal 
Deformation in  Northeast India 
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Sridevi Jade and Malay Mukul 

Kutubuddin Ansari (IIT, Mumbai), Modelling of Global Positioning System (GPS) based Surface 
Defromation using Dislocations 

Ashok Shaw (IIT, Mumbai), Geological and Contemporary Deformation in the Internal Thrust 
Sheets of the Highest Darjeeling Sikkim Himalayas 

 

M S M Vijayan and Ashok Kumar 

Jagat Dwipendra Ray (Tezpur University)Space based Geodetic Study on Active Tectonics and 
Seasonal Perturbations in Interseismic Deformation of North-East India  

  
SudarshanT S B and G K Patra 
Santhana Lakshmi S, Design of Cryptographic Protocols using Computational Intelligence Techniques 

Supriya M, Trust Building in Distributed Storage using Cryptography 

 

Thesis/Project by M. Tech/BE/MCA students 
 
Anil Kumar V 

Transport Layer Performance Evaluation of Message Passing Interface in High Performance 
Computing, Sindhuja R (M.Tech), VIT Univeristy 

 
Low Rate Denial of Service Attacks in Wireless Networks, P M D Nagaraju (M. Tech), VIT 
University. 
 
K C Gouda 
 
Tropical Cyclone Studies over Bay of Bengal using Satellite Data, S M Sharadhi (M.Tech), 

Karnataka State Remote Sensing Application Centre (VTU), July 2011. 
 
Tropical Cyclone Studies over Bay of Bengal using Satellite Data, Nagraj Bhat, (M.Tech), 

Karnataka State Remote Sensing Application Centre (VTU), Bangalore, July 2011. 
 
Wind shear during Cyclones, Mohit Kumar Bebarta (B.E), NITTE Meenakshi Institute of 

Technology, Bangalore, September 2011.  
 
Satellite Derived Cloud Data Analysis, Sanjay Kumar Singh (MCA), RNS Institute of 

Technology, Bangalore, June 2011.  
 
Satellite Derived Cloud Data Analysis, Santosh Kumar (MCA), Sri Bhagwan Mahaveer Jain 
College of Engineering, (Jain University), Bangalore, June 2011.  
 
Patra G K 
 
Analysis of Primality Test Algorithms and their Implications on Cryptography, Abhishek Tripathi, 

Sunil Kumar Samal, Kumar Abhishek (BE), New Horizon College of Engineering, Bangalore, 
May 2011 
 
Designing of Key Agreement Algorithm using Lightly Interacting Protocols, Naveen N (MCA), 

Dayananda Sagar College of Engineering, Bangalore, May 2011 
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Key Agreement from Random Binary Sequences using Weak Interactions, N Vijaya Kumar 

(MCA), Anna University, Chennai, May 2011 
 
Analysing Compressed Pattern Matching in IDS, Hemalatha K (MS), BITS, Pillani, December 

2011 
 

Faculty Participations 

GS820-Continental Deformation and GPS Geodesy, Earth Science Department, IIT, 

Mumbai, March 2012 

Sridevi Jade 
GPS Data Analysis Theory -I 
GPS Data Analysis Theory -II 
GAMIT Theory and Analysis  
GLOBK Theory and Analysis  
GNSS Theory and Analysis 
  
DST SERC School on Seismo-Electromagnetics, Agra, 14 February, 2012    
 
Vijayan M S M 

Theory of Global Tectonics from Continental drift 
Indian Tectonic frame work and seismicity  
Deformation of the Indian Crust - Revelation of GPS based geodetic studies  
Atmospheric GNSS signal delays (Neutral atmosphere and Ionosphere),  
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Collaborative ProgrammeS & Projects 

 

 
 
Multi-institutional, national and international collaborative research programmes 

have been the core of C-MMACS overall research. C-MMACS to-day has active 

collaboration with a number of national and international institutions. 
 
 

 

 

 
Inside 

 
 CSIR Network Projects 

 CSIR Non-Network Project 

 11th Five Year Plan Projects 

 CSIR Empower Project 

 Sponsored Projects 

 Collaborative Projects 

 In House Project 
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CSIR Network Projects 
 

Engineering of Structure against Natural and Other Disasters: Cyclone Disaster Mitigation - 
PI: Goswami P 

Nodal Lab: CSIR Structural Engineering Research Centre (SERC) 
Network Partners:  
CSIR C-MMACS 
CSIR Centre Building Research Institute (CBRI) 

 
Integrated Analysis for Impact, Mitigation and Sustainability (IAIMS): Regional Climate 
Modelling at Decadal Scale – PI: Goswami P 

Nodal Lab: C-MMACS 
Network Partners: 
CSIR Central Institute of Medicinal and Aromatic Plants (CIMAP) 
CSIR Indian Institute of Chemical Biology (IICB)  
CSIR Indian Institute of Chemical Technology (IICT 

 
Precipitation Enhancement and Modification through Ground-Based Cloud Harvesting – 
PI: Goswami P 

Nodal Lab: C-MMACS 
Network Partners: 
CSIR National Aerospace Laboratoires (NAL)  
Associated Partners: 
GBP Institute of Himalayan Environment and Development (GBPIHED) 
Karnataka State Natural Disaster Monitoring Centre (KSNDMC) 
 

Atmospheric Carbon Dioxiden Sequestration through Fertilization of High Nutrients Low 
Chlorophyl (HNLC) Oceanic Region with Iron – PI: Sharada M K  

Nodal Lab: CSIR National Institute of Oceanography (NIO)  
Network Partners: 
CSIR C-MMACS 
CSIR National Environmental Engineering Research Institute (NEERI) 
CSIR Centre for Cellular and Molecular Biology (CCMB) 
 

CSIR Non-Network Project 
 
Shock Mitigation using Tapered Granular Alignments - PI: Krishna Mohan T R 
 
Assessment of Potential and Sustainable Wind Energy over India - A Pilot Study - PI: 
Goswami P 
 

11th Five Year Plan Project 
The Supra Institutional Project: Multi Scale Simulation and Quantification of 
Sustainability and Vulnerability under Climate Stress and Other Natural Hazards – Nodal 
Officer: Goswami P 

Atmospheric Modelling, PI: P Goswami, C-MMACS, Bangalore  
Ocean Carbon Cycle Modeling, PI: P S Swathi, C-MMACS, Bangalore  
Solid Earth Modelling, PI: S Jade, C-MMACS, Bangalore 
Geo-hazard Modelling: PI: Earthquake Hazards, I A Parvez, C-MMACS, Bangalore 



120 

 

   
Analysis and Measurement of Concentrations of Carbon Dioxide, Methane and other 
Trace Gases over India at Andaman & Nicobar Islands for Inferring Sources and Sinks of 
Carbon over Indian Sub-Continent – PI: Indira N K 

Collaborating Institutions:  
  Indian Institutes of Astrophysics (IIA) 
  Laboratoire des Sciences du Climate et de l’ Environnment (LSCE), France 

           National Institute of Ocean Technology (NIOT)  
 
Visualization Infrastructure for Scientific Insight by Observation and Navigation (VISION): 

PI: G K Patra 
 
Augmentation of CSIR Multi-terfa FLOPS Supercomputing Facility: PI: Anil Kumar V 

 

CSIR Empower Project 
 

Quantitative Estimation of the Prevalence and Nature of IP Spoof based Denial-of-Service 
Attacks in the Indian part of the Internet through Backscatter Analysis of Network 
Telescope Data, PI: Anil Kumar V 
 
Impact of Regional Aerosol Radiative Forcing on Indian Monsoon – PI: Sajani Surendran 
 

Sponsored Projects 
 
Industrialization of Weather Informatics, Services and Technologies – PI: Goswami P 
 
Shock Mitigation using Tapered Granular Alignments - PI: Krishna Mohan T R 
 

Development of a High-Resolution Regional Atmospheric Analysis through Observation 
and Simulation for Validation of the CSIR Fog Forecasting Platform, CSIR, New Delhi – 
PI: Goswami P 

Associated Partners: 
CSIR National physical Laboratory (NPL) 
CSIR Central Institute of Medicinal and Aromatic Plants (CIMAP) 

 
Megha-Tropiques Mission Project: Impact of Physical Assimilation of Vertical Profiles of 
Latent Heating and Moisture on Short-Range Weather Forecasting, ISRO - PI: Rajendran K 

Collaborating Institutions:  
Indian Institute of Science (IISc)  

 
Shear Wave Velocity Structure in Delhi City Using Microtremor Arrays, MoES – PI: Parvez 
I A 

 
Crustal and Mantle Structure Along the East-West Corridor across Dharwar Craton for 
Constraining Models of the Crustal Evolution, DST -  PI: Parvez I A 

 
ILTP project on Earthquake Hazard Quantification on GIS Platform, DST - PI: Parvez I A  

 Collaborating Institutions:  
Institute of Physics of the Earth, Russian Academy of Sciences, Russia.  
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Indo-Norwegian network project: Earthquake Hazard and Risk Reduction on the Indian  
Subcontinent (RRISC), Norwegian Embassy in India - PI: Parvez I A 
 
Seismic Hazard and Risk Assessment based on Pattern Recognition: Himalayas and 
adjacent territories. (DST-RFBR), DST - PI: Parvez I A 

 
Neodeterministic seismic hazard assessment in Indian megacities. DST -  Parvez I A 
 Collaborating Institutions:  

  Department of Geosciences, University of Trieste, Italy 
 

Establishment of a Continuously Running GPS Station at WBREDA Campus, Durgapur, 
West Bengal, MoES - PI: Sridevi Jade 
 
Plate Kinematics Geodynamics and Earthquake Occurrence Processes in the Andaman 
Nicobar Region Using Real Time Geodetic and Seismological Observations and 
Earthquake Awareness Centre at Port Blair, MoES - PI: Sridevi Jade 

      Collaborating Institutions:  
      CSIR National Geophysical Research Institute, Hyderabad 

 
 
Analysis of Indian National GNSS Network data for Reference frame realisation, PWV and 
TEC computation, PI: Sridevi Jade, Co-PI: Vijayan M S M 
 
Modelling of Marine Biogeochemical Cycles in the Northern Indian Ocean, DST – PI: 
Sharada M K 
 
Estimation of Carbon Fluxes in the Indian Ocean, INCOIS - PI: Swathi P S  

 
Collaborative Projects 
 
Estimation of Crustal Deformation and Tropospheric Precipitable Water Vapour Content 
in North Eastern India using GPS Measurements, MoES - PI: Sridevi Jade, Co-PI: 
M.S.M.Vijayan 

Collaborating Institutions:  
Tezpur University, Tezpur, Assam 

 
Active Tectonics of the Darjeeling-Sikkim Himalayas using Global Positioning System 
(GPS) based Geodesy, GBPHIED, Gangtok, Sikkim - PI: Sridevi Jade 
 
Aqua-Planet Experiment Project: WCRP/WGNE Project, Co-PI: Rajendran K 

Collaborating Institutions:  
Meteorological Research Institute (MRI) 
  

Climate Change and Variability: Modeling, Analysis and Downscaling in the context of 
Indian Monsoon, India: PI: Rajendran K 

Collaborating Institutions:  
Divecha Centre for Climate Change (DCCC), IISc, Bangalore 
Meteorological Research Institute (MRI/JMA), Tsukuba 
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In-house Projects 
 
Empirical modelling and Relationship of the Primary Productivity with Other Ocean 
Parameters in the Indian Ocean - PI: Indira N K 
 
Site-specific Ground Motion Modelling and Microzonation Studies in Delhi City - PI: 

Parvez I A 

 
Monitoring of Continuously Operating C-MMACS GPS Station Located in the IISc 
Campus - PI: Sridevi Jade 
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Team C-MMACS – News and Updates 

 
 

 
The greatest strength of C-MMACS is 'Team C-MMACS', the dedicated group 

that takes C-MMACS forward. One of the smallest of CSIR laboratories, C-

MMACS today is a young and vibrant institution of research, with the average 

age of its scientists less than 35 years. 
 

 

 

 

 

 

 

 
Inside  
 

 Team C-MMACS 
 

 Awards/Honours/Recognition 
 

 Services on External Committees/Membership of Professional Bodies 
 

 Deputations 
 

 Promotions 
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Staff List 
 
 

Scientist-in-Charge 
Seshu P 
 
Honorary Emeritus Scientist 
Gaur V K 
Yajnik K S 
 
Distinguished Scientist 
Balganesh T S 
Ehrlich Desa 
Samir K. Brahmachari 
Sinha U N 
 
CSIR Technical Consultant 
Srinivasan Suryanarayan 
 
Scientists 
Anil Earnest 
Anilkumar V 
Ashapurna Marndi  
Ashish 
Goswami P 
Gouda K C 
Gyanendra Nath Mohapatra 
Himesh S 
Indira N K 
Kantha Rao Bhimala 
Krishna Mohan T R 
Partha Sarathi Goswami 
Parvez I A 
Patra G K 
Prakasa Rao E V S 
Rajendran K 
Rakesh V   
Ramamohan T R 
Ramesh K V 
Rameshan K 
Sajani Surendran 
Senthilkumar V 
Sharada M K 
Sridevi Jade 
Swathi P S 
Tejpal Singh 
Thangavelu R P 
Vijayan M S M 
 
Senior Research Fellows 
Anant Kant Shukla  
 
Junior Research Fellows 
Ipsita Putatunda 
Shafeer K  
Shaktidhar Nahak 
Shiv Narayan Nishad  

Sushant Shekhar  
Sumana Sarkar 
 
Expert Consultant  
Gayatri 
Kalyani Devasena C 
 
Technical Officers 
Ananda M B 
Prabhu N 
Suchanda Ray 
 
Administrative Staff  
Neethu S Induchodan  
Udaya Kumar  
 
Technical Staff 
Chandrashekar Bhat 
Dileep Kumar P 
Sita S 
Stella Margaret A 
 
Project Assistants/Graduate Trainees/ 
Diploma Trainees 
Alfred Johny 
Asha K 
Ashwini G 
Avinash K 
Dhanya S 
Eswari V 
Harshvardhan 
Jurismita Baruah  
Madhukar K 
Manikanda Prabhu 
Mohamed Rilwanullah M N 
Nikhil N S 
Prabhath P Prabhu 
Preeti 
Preeti Thakur Wagh  
Rahul Balu 
Ramya E R 
Remya S 
Riyaz Cheruparambil 
Sathisha M V 
Sheethal P 
Shelva Srinivasan M K 
Shambhulinga Kondagoli 
Sumana Sarkar 
Sundara Deepthi  
Swapna 
Swathi T K 
Swathi H R 
Venkata Mahesh Yadav D 

 
 
 

http://www.cmmacs.ernet.in/index.php/en/people/distinguished-scientists/167-a-samir-k-brahmachari


126 

 

 

Awards/Honors/Recognitions/Ph d awarded 

 
Sharadhi S M, K C Gouda, Nagraj Bhat and C R Francis 
Best paper award for the paper on Satellite Monitoring of Cyclones Over the Bay of Bengal, ISRS 
Annul convention and National Symposium 2011  
 
Madhukar K 
Completed his PhD from Bangalore University. 
 
Parvez I A 
Advisory Committee Member of Gujarat State Disaster Management Authority (GSDMA) for Global 
Earthquake Model(GEM)-Gujarat. 
Nominee, Member for Expert Group on Seismic Hazard Assessment for South Asia for SAARC 
member countries by Govt. of India. 
Doctoral Committee Member for examining PhD thesis for the Physics Department of  Bangalore 
University and Dibrugarh University.  
 
Seshu P 
Chaired a Session: Structural Health Monitoring, Sixth ISSS International Conference on Smart 
Materials, Structures and Systems (ISSS – 2012), IISc, Bangalore, Jan. 4-7, 2012  
 
Sridevi Jade  
International panel for GNSS Remote Sensing for future missions and sciences. 
Research Advisory Council (RAC) Member of Wadia Institute of Himalayan Geology.  
 
 

Services on External Committees/ Membership of Professional Bodies 
 

Anil Earnest 
Member, American Geophysical Union. 
Member, Society of Exploration Geophysicists. 
Member, Asia Oceania Geo-sciences Society. 

 
Anil Kumar V 

Life Member, Computer Society of India 
Member, Project Review and Steering Group (PRSG), Ministry of Communication and Information 
Technology 
Expert Member, Scientist Selection Committee, C-DAC, India 
Expert Member, M Tech Thesis Evaluation Committee, Vellore Institute of Technology, Vellore 
Expert Member, Assessment Committee, C-DAC, India  
Member, Review Committee, CSI 2010 Conference  
Special Invitee, Domain Expert Group, CSIR NMITLI Project Proposal Evaluation, 2010  

 

Goswami P 
Member Secretary, National Steering Committee for S & T inputs for Management of Hydro-
Meteorological Disaster 
Life Member, Indian Meteorological Society 
Life Member, Indian Complex System Society 
Member, Executive Council, Drought Monitoring Cell 
Member, Computer Committee, ISRO Regional Climate Modelling Programme 
Nodal Officer, Indo-China Bilateral Cooperation on Weather and Climate 
Coordinator, Indo-French Programme on Research on Weather and Climate 
President, Indian Meteorological Society, Bangalore Chapter 
Special Invitee, Scientific Advisory Committee, Ministry of Earth Science 

 

Gouda K C 

Life Member, Indian Meteorological Society 

Ex-officio Member, MoES Committee for Long Range Forecast of Monsoon 
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Himesh S 
Life Member, Institution of Engineers, India 
Life Member, Indian Society for Technical Education 
Life Member, Indian Association for Environmental Management 
Life Member, Indian Meteorological Society 
 
Parvez I A 
Nodal Officer,   AcSIR, C-MMACS 
Deputy Sec. Editor, Journal, Problems of Engineering Seismology, Establishment of the Russian 
Academy of Sciences, Institute of Physics of the Earth. OY Schmidt, Russian Academy of Sciences. 
Member, Hindi Technical Advisory Committee (HTAC) of NAL. 
Member, Technical Expert Committee of Karnatala State Natural Disaster Monitoring Centre 
(KSNDMC), Department of Science and Technology, Government of Karnataka. 
Life Member, Indian Society of Earthquake Technology 
Member, Assessment of the suggested threat due to an M9 earthquake in Kashmir Himalaya, 
Ministry of Earth Sciences, Government of India. 
Member, Cluster group for Physical Sciences courses nomenclature of AcSIR  
  

Indira N K 

Member, Institute of Mathematical Statistics, USA 

Member, Working Group of Greenhouse Gases, MoES 

 

Krishna Mohan T R 

Life Member, Indian Complex Systems Society 

 

Patra G K 

Life Member, Computer Society of India 

Life Member, Indian Meteorological Society 

Life Member, Cryptology Research Society of India 

Life Member, Orissa Information Technology Society 

Life Member, Advanced Computing and Communication Society 
Life Member, International Association of Engineers 
Adjunct faculty, Department of computer Science, Amrita School of Engineering, Bangalore 

Member, Board of Studies, Mathematics Department of Mount Carmel College, Bangalore 
Member, Doctoral Committee, Vellore Institute of Technology 

 

Prabhu N 

Member, Computer Society of India 

 
Prakasa Rao E V S  
Sectional Committee Member, Natural Resources Management, National Academy of Agricultural 
Sciences. 
Fellow, National Academy of Agricultural Sciences. 
Fellow,Indian Society of Agronomy. 
Life member, Indian Society of Agronomy. 
Life member, Indian Society of Soil Science. 
Life member, Indian Society of Spices. 
Life member, Essential Oil Association of India. 
Member, Editorial Board, Indian Perfumer. 
Panel Member, Procurement of materials from a single source as per Karnataka Transparency in 
Public Procurement Act of  Karnataka Soaps & Detergents Ltd., Bangalore. 

 
Rajendran K 
Member, Working Group on Climate Change, Kerala State Planning Commission, Govt of Kerala. 
Member, Board of Studies in Atmospheric Sciences, CUSAT, Cochin  
Invited Organizing Secretary and Organization Committee Member, International Conference on 
Climate Change and the Himalayas: Current Staus and Future Perspective 
Secretary, Indian Meteorological Society, Bangalore Chapter 
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Rakesh V 

Life member, Indian Meteorological Society. 

 
Sajani Surendran 
Member, Working Group III, NCAP Project of MoEF. 
Life Member, Indian Meteorological Society 

 

Senthilkumar V 
Life Member, Indian Association for Computational Mechanics (IndACM) 
Life Member in Indian society for Advancement of materials and Processing Engineering (ISAMPE) 
Member, International Association of Engineers 
Editorial Board Member, Journal of Modelling and Simulation in Design and    
Member, IAENG Society of Industrial Engineering 
Member, IAENG Society of Mechanical Engineering 

 

Sharada M K 

Member, American Geophysical Union 
 
Sridevi Jade  
Expert member, National Geo-Science Program, Ministry of Earth Sciences 
Expert Member, National Seismicity Programme, Ministry of Earth Sciences (MoES) 
Expert Member, International panel for GNSS Remote Sensing for future missions and sciences. 
Expert  Member,  Research Advisory Council (RAC), Member of Wadia Institute of Himalayan 
Geology.  
Expert member, Technical Advisory Committee, Government of Karnataka 
Expert Member, National GPS Programme  Expert Group, Department of Science and Technology  
Expert Member, Women Scientist Scheme expert committee, DST 
Expert Member, Techinical committee for preparation of geodetic GPS Specifications  
Expert Member, National GPS sub group, Ministry of Earth Sciences 
Member, Information Sciences Cluster 12

th
 FYP Work Group/Task Force 

Member, Doctoral Committee, Gandhigram Rural University, Gandhigram, Tamilnadu 
Member, Doctoral Committee, Tezpur University, Tezpur  
Life Member, Indian Geotechnical Society 
Member, International Society of Soil Mechanics and Foundation Engineering 
Founder Life Member, Indian Society of rock mechanics and tunneling technology 

 

Swathi P S 

Member, American Geophysical Union 
 

Thangavelu R P 

Life Member, Computer Society of India 
Life Member, Cryptology Research Society of India 
 
Vijayan M S M 
Member, American Geophysical Union 

 
Deputation  
 

Gouda K C deputed to Vienna, Austria to present 2 papers at EGU General Assembly, Apr 

03-08, 2011. 

 
Goswami P deputed to IPCC Working Group I Fifth Assessment Report, Second Lead 
Author Meeting, Brest, France, 18 – 22 July 2011 
 
Indira N K was deputed to Wellington, New Zealand to present the work in 16th WMO 
Meeting on Carbon Dioxide and other Greenhouse Gases and Related Measurement 
Techniques, 25-28 Oct. 2011. 
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Parvez I A 
Visited the Department of Geo Sciences, University of Trieste under Indo-Italian bilateral 
program. 21-30 November, 2011 
Visited the Institute of Physics of the Earth (IPE), Moscow, Russia under ILTP project of 
DST, July 18-28, 2011. 
Invited and attended the Outreach meeting of the Global Earthquake Model (GEM) as key 
stakeholders and distinguished expert from India in all aspects of Seismic Risk, June 6-9, 
2011 at Beijing, China. 
 
Rajendran K deputed to JAMSTEC, Meteorological Research Institute/Japan Meteorological 

Agency, Japan, Visiting Scientist from 21 January to 12 February 2012. 
 
Vijayan M S M deputed to Shangai, China from 07th to 09th August to attend the 
International workshop on GNSS Remote Sensing for future Missions and Sciences 

 
Promotions 
 
Ananda M B, Promoted to Sr. Technical Officer - 3 
Anil Earnest, Promoted to Scientist C 
Anil Kumar V, Promoted to Scientist E2 
Goswami P, Promoted to Scientist G 

Indira N K, Promoted to Scientist F 

Krishnamohan T R, Promoted to Scientist F 

Rajendran K, Promoted to Scientist E2 

Senthil Kumar, Promoted to Scientist E1 
Sridevi Jade, Promoted to Scientist F 
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A Scientific Tribute to Dr.Yajnik’s Contribution to NAL and 

C-MMACS on the occasion of his 75th Birthday Celebration













CSIR - 800 Technology Workshop 
 

 
 

 






