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7. Achievements during X Plan   (2002-07)
7.1
India Meteorological Department (IMD)

Under the successive five year plans, IMD has endeavored consciously and systematically to meet the growing and varying user’s demands by upgrading its infra-structure, including contemporary technology and generating quality products and services. The Thrust areas of X th Plan were as follows:

1. Space Meteorology

2. Metorological Telecommunication

3. Observational System

4. Cyclone Warning and Research

5. Forecasting System

6. Service oriented schemes (Aviation, Agriculture)

7. Research

8. Seismology

9. Human Resource Development

10. National/ International cooperation 

11. Positional astronomy

12. Infrastructure Development

Some of the major achievements of IMD in the tenth Plan period are highlighted below: 

7.1.1    Space Meteorology

A new National Satellite Data Centre (NSDC) has been established at IMD, New Delhi.  All types of satellite data and products are being archived in this center  for utilization by different users.  Web-based service is also being provided for easy access of data and products to the users.  Old INSAT data of more than last 25 years archived on 30,000 magnetic tapes has been transcribed on latest media i.e. Digital Linear Tapes (DLTs) which are being integrated with NSDC.


100 nos. of Digital Cyclone Warning Dissemination Systems (DCWDS) have been established in the coastal areas of Andhra Pradesh, as part of the World Bank funded project of Govt. of Andhra Pradesh, for direct reception of cyclone warnings in local language to the coastal areas likely to be affected by the cyclones.  This is a direct satellite based broadcast service operating through Indian Satellite INSAT-3C.  Uplink for transmission of cyclone warnings to the satellite has been established at Area Cyclone Warning Centre (ACWC), Chennai.


A new scheme on establishment of a ground segment for reception and processing of meteorological data from advanced meteorological payloads on the next satellite of INSAT-3 series i.e. INSAT-3D, has been approved at an estimated cost of Rs. 37.59 crores.  Two MOUs have been signed with M/s ANTRIX Corporation, the commercial wing of ISRO, for establishment of earth station and data processing segments sometimes before end of 2007 by which time INSAT-3D satellite is also expected to be launched.  This scheme will, therefore, be implemented  with a very high  priority right from  the beginning of 11th Five Year Plan period.

7.1.2    Meteorological Telecommunications

Four old and obsolete Automatic Message Switching System (AMSS) computers operating at New Delhi, Mumbai, Kolkata and Chennai were replaced with new state-of-art systems to improve the efficiency of generating aviation related meteorological products for operational use.  Old HF broadcast service was replaced with new satellite based broadcast service using L-band.  In addition, 3 international circuits were upgraded to 64 Kbps links for better efficiency of operations.

Four new schemes viz. Replacement of old RTH, new AMSS for Guwahati and Nagpur, data terminals for remote stations and new Interactive Voice Response System (IVRS) were approved by  the CMAS.  These are currently under implementation.

7.1.3    Observational System

The Department has made concerted efforts to modernize its basic observatory network. While the aim is to maximize the number of Departmental observatories, financial and staff constraints have come in the way of its realization.  During the 10th Plan more thrust has been given to the automation of observations.  With this approach it has been possible to collect meteorological data from a limited number of remote and inaccessible areas in real-time using the satellite based transponder.  After having established the usefulness of data obtained by this means, the Department has gone ahead with the replacement of 100 Nos. of old and obsolete Automatic Weather Stations (AWS) installed during 1985 under the INSAT-1 programme.  During 10th plan order was placed  for supply of 100 numbers of  state-of-art AWS systems alongwith an earth station for real-time reception of AWS data at Pune.  A number of other agencies are also operating AWS for meeting their operational requirements.  During 11th plan the network of AWS will be further augmented.

Four numbers of state-of-art Doppler Weather Radars (DWRs) have been inducted in the IMD’s radar network. The old conventional types of S-band cyclone Detection Radars (CDRs) installed at Kolkata, Chennai, Machalipatnam and Visakhapatnam have been replaced with new Doppler Weather Radars during 10th five year Plan.  These new type of radars provide digital data alongwith a large number of quantitative products for use in real-time operational weather forecasting.  In addition, one indigenously developed Doppler Weather Radar was also commissioned at Sriharikota (SHAR).  It is being currently operated in a Test and Evaluation mode.  During the 11th five year Plan it is planned to further augment the radar network of the Department by providing a large number of Doppler Weather Radars.

Seven nos. of old and obsolete 1680 MHz Radiotheodolites have been replaced with new state-of-art radiotheodolites of much improved technology.  In addition, three more such radiotheodolites have been installed under the mountain meteorology programme at Jammu, Manali and Sasoma for collection of upper-air data for operational use by Snow and Avlanche  Study Establishment (SASE) of DRDO located at Chandigarh.  In addition, during the 10th Plan a new Mark-IV radiosonde has been introduced.  The semi-automatic computing system at RS/RW stations has also been replaced with the fully automatic computing system.  As a result of all these changes in the upper-air network, the quality of operational upper-air has also improved to a certain extent.  Major thrust has been given during 10th Plan for further improving the quality of upper-air data.  A new radiosonde with semi-conductor based sensors is being developed by SCL, Chandigarh under an MoU between IMD and SCL.  In addition, a modified version of Radiosonde has also been developed using a new semiconductor based pressure sensor.  A few test flights taken with this radiosonde have shown very encouraging results.  Many more test flights (   150) will be taken before end of the 10th Five Year Plan. 

7.1.4    Cyclone Warning & Research

Although the topical cyclones which form in the Bay of Bengal and Arabian Sea are fewer in number than such storms in other parts of the world, they are the ones which are most deadly.  It has always been IMD’s aim to provide timely warnings in order to minimize the loss to life and property and help relief agencies in organizing disaster mitigation work by constant surveillance of the cyclones through satellites and radars.


During the 9th & 10th Plans, Department had started replacement of the existing S-Band Cyclone Detection Radars (CDR) by Doppler Weather Radars (DWR) which are capable of providing an insight into the cyclone structure and velocity field.  So far only four old radars have been replaced with Doppler radars.  During the 11th Plan, it is proposed to replace the remaining 6 old CDRs with the new DWRs.  The Doppler radars will make available a large volume of data to researchers for further studies in the movement and intensity of tropical cyclones which in turn will lead to better warning services.


During the passage of a cyclone, ordinary anemometers usually get blown off.  In order to estimate the actual wind velocities, it is necessary to install special wind recorders designed to withstand such high speeds.  During 9th and 10th five Year Plans, Department had installed 20 nos. of high wind speed recorders in the cyclone-prone coastal areas.  During the 11th Five Year Plan, it is proposed to install high wind speed recorders at 10 more locations on the coastal areas.


The INSAT-based Cyclone Warning Dissemination system which was introduced in the North Tamil Nadu and South Andhra Pradesh coasts in 1982, has since been progressively expanded to cover the entire coastline of the country.  This service provides a means for warning the coastal population directly in the local language, through selectively tunable receivers even when terrestrial communication links fail during a cyclone.  It has been acclaimed by the media, public, and relief agencies.  During the 10th Plan, 100 nos. of state-of-art Digital Cyclone Warning Dissemination System (DCWDS) receivers were installed in the coastal areas of Andhra Pradesh.  During the 11th Five Year Plan, the old analog receivers installed in the early phase at 250 locations will be replaced with the state-of-art DCWDS receivers.

7.1.5
Forecasting System


The old and obsolete computer system Cyber 2000U has been discarded.  A new SGI based machine has been installed in its place for running the Limited Area Model (LAM) of IMD.  With this the computational speed has increased  considerably and now the LAM model can be run much faster than before.  The NWP products generated from LAM are now available at a faster speed for operational utilization by the end users.  The forecasting system has been further augmented by adding another ALTIMA machine of   state-of-art.  With these upgradations, IMD has also started running Mesoscale Model (MM-5) on an operational basis.


The Northern Hemispheric Analysis Centre is functioning as the Regional Specialised Meteorological Centre for Tropical Cyclones in the north Indian Ocean Area as designated by the WMO to act as such a center.

7.1.6         Aviation Services

Latest state of art transmissometers were installed at International Airports of New Delhi and Kolkata for making automatic Runway Visual Range (RVR) assessments at critical points on the runways.  These equipments are providing real-time RVR data for operational use by IMD and AAI.  Ten Laser Ceilometers were installed at various important airports to obtain real-time data for height of low clouds which is important for aviation related operations.  The data obtained from these new equipments is being used operationally at the Airports.


A detailed plan for modernization of Airport Meteorological Services in the country has been prepared by an Inter-departmental Committee of experts from IMD,  DST , Ministry of  Civil Aviation and AAI. 

7.1.7
Hydrometeorological Services 


Raingauge networks of State governments which are included in an overall District Rainfall Monitoring network has been integrated under a World Bank aided scheme where IMD is the receipient of the data in an offline mode. Drought monitoring, Monsoon activity studies and water resources assessments are conducted with the help of this data. In Phase I which has been implemented in the X th plan period includes all the peninsular states. 

7.1.8
Agricultural Meteorology

Agromet. Advisory Services continued to be operated from various State capitals during the 10th Plan.  The evapotranspiration and soil moisture measuring stations established during the 9th Plan have been continued and further expanded.  An Agromet  Co-ordination Cell formed in IMD to co-ordinate with the National Centre for Medium Range Weather Forecasting for establishing field units in 127 different agroclimatic zones of the country during earlier plan periods continued to provide useful service using new equipments established for this purpose.  New website for agrometeorological services has also been launched.

7.1.9
Research

IMD encouraged research activity in-house and it also supported research in atmospheric sciences outside, through Grants-in-aid to Universities/Research Institutes on the basis of recommendations of the Research Committee.  The VAX 4000/300 computer installed at NDC, Pune continued to support management and storage of meteorological data for research and study.  


Status of major research and developmental activities in IMD is given below :

Long Range Forecasting


Indigenous investigational efforts have resulted in the development of improved statistical models for Long Range Prediction of seasonal monsoon rainfall.  Forecasts based on improved models were started on an operational basis from the year 2003.  Main feature of improved model is that it is possible to issue first stage forecast for country as a whole, in the month of April using 8 parameters.  Subsequently, in the 2nd stage (end June),  it is possible to further update the forecast using 2 additional parameters.  It is also now possible to issue the forecast separately for the four broad homogeneous regions of the country instead of three regions.


IMD also developed new models indigenously to prepare forecasts for monsoon onset over Kerala.  In 2005, for the first time, IMD issued a forecast for the monsson onset over Kerala.  In addition, IMD for the first time introduced in 2003 a forecast, exclusively for the monthly rainfall of July.   For this purpose, a separate new model was indigenously developed.

Monsoon Dynamics and Variability


IMD implemented a dynamical prediction system at IMD Pune by adopting the seasonal forecast model developed by Experimental Climate Prediction Centre (ECPC), USA. The model climatology was prepared by running the models for 26 years (1979-2004) using observed SST data.  The model output showed encouraging skill over the Indian region.  Experimental forecasts have been generated for 2005 and 2006 seasons using this model. 


Several research studies examining monsoon teleconnections with North Atlanatic Ocean (NAO), Indian Ocean Dipole (IOD), Sea surface temperatures (SSTs), global air temperatures , were completed and research papers were published in national and international journals.  Similarly other studies VIZ: probable causes for weakening of ENSO and monsoon relationship, assessing peak warming in EL-Nino events, and  cloud climatology over North Indian Ocean, were also completed.  Some studies relating to climate change viz. effect of urbanization on meteorological parameters, discontinuity in temperature, discomfort conditions,  Decadal variation in hot and cold water days,  atmospheric turbidity, were also completed and papers were published.

Research in NWP Models


Further developmental work on limited area Numerical Weather Prediction Models for forecasting storm movement was continued.  Improved regional models for short range weather prediction  are now being operationally used to provide advisories to the field forecasting centers.  Continued efforts are being made to further improve these models.


Good progress has been made for assimilation of satellite derived soundings products in the Limited Area Models being run by the Department.  Studies have brought out positive impact of satellite soundings on the model forecasts.

Local Severe and Tropical Storms


Studies relating to the prediction, development and movement of local severe storms and tropical storms were continued during 10th Plan.

Climate and Climate Change


A National Climate Centre was made fully functional by merging the activities of Investigation and Development (I&D) section and Long Range Forecast section.   In addition to long range forecasting activities, climate monitoring and climate diagnostics is one the main responsibilities of the centre. NCC  has brought out Monthly and seasonal climate diagnostics bulletins regularly.  In addition, detailed scientific reports on drought of 2002 and 2005 monsoon (including special section on heavy  rain over Mumbai on 26/27 July) were published.  For the first time, annual climate summaries were published in 2004 and 2005 highlighting the major climate anomalies  that occurred over the country.

Environmental Meteorology


Air Pollution Section maintains a network of ten Global Atmospheric Watch (GAW) stations of regional category.  The Indian GAW network includes Allahabad, Jodhpur, Kodaikanal, Minicoy, Mohanbari, Nagpur, Portblair, Pune, Srinagar and  Vishakhapatnam.  At these stations chemical composition of precipitation and atmospheric turbidity is studied. Following  equipment have been procured to bring the chemical analyses of rainwater at par with other WMO GAW stations : (i) Atomic Absorption Spectrophotometer with Graphite furnace, (ii) Ion Chromatograph, (iii) Microprocessor based PH and Conductivity Meters  (iv)  Ultra pure water purification System.  Air Pollution Laboratory also participated in WMO’s laboratory intercomprison programme conducted twice in a year.  One set of gas analysers (SO2 and Nox) for ambient air monitoring was installed at Pune.


Aerosol Optical Thickness which indicates the columnar aerosol load of the atmosphere is measured at GAW stations.  Single channel volz’s sunphotometer has been replaced with Microtop-II multi-channel sunphotometer (wavelength 368, 500, 675, 778 & 1028 nm) at Allahabad, Jodhpur, Kodaikanal, Nagpur, Portblair,  Srinagar and Pune. One such Sunphotometrer was also installed at Maitri, Antarctica.


The data from GAW stations provide reliable long-term observations of the chemical composition of the atmosphere and related parameters in order to improve our understanding of atmospheric chemistry and to organize assessment in support of formulating environmental policy.   Chemical composition of precipitation is useful in quantifying the level of pollution due to increasing anthropogenic activities.

Climatological Services


To meet the requirements of users, many climate data products/ atlases were also brought out.   Revision of climatological summaries of some states was also taken up.  To fulfill the long lasting demand from the research community, National Climates Centre brought out a high resolution daily gridded rainfall data set for the Indian region for 1951-2003 periods.  About 30 institutes in India and abroad have purchased this important data set,

7.1.9
Seismology

India Meteorological Department (IMD) is maintaining the national seismological network consisting of 51 stations spread   over the country for monitoring the seismic activity in and around the country.  The network consists of 24 stations equipped with state-of-the-art broad-band seismic and communication equipments capable of providing facilities for immediate processing of data and dissemination of earthquake information to various state and central government agencies dealing with disaster management related matters. Ten of these broad-band observatories (of Global Seismic Network Standards) have been provided with V-SAT based communication systems to enable fastest mode of data transmission between the field stations and the Central Receiving Station (CRS) at New Delhi.

Fifty strong motion accelerographs were procured and installed in various seismological observatories of the national network to record strong ground motions during large magnitude earthquakes. The existing network has enabled generation of very useful data sets and timely dissemination of earthquake information to government functionaries during the recent significant earthquakes such as Bhuj (2001), Sumaatra (2004) and Pakistan (2005). Detailed technical reports on these and various other significant earthquakes were prepared and submitted to Government of India.    The digital data is also being archived systematically in a database and made available to various user agencies for R&D purposes.

As part of Tsunami Warning System  being set up by Government of India, IMD is also in the process  of setting up a 17 station Real Time Seismic Monitoring Network for monitoring Tsunami-genic earthquakes from the two potential source areas, viz. Andaman-Nicobar-Sumatra island area and Makran coast in the north Arabian Sea area. 

An Indo-Russian Centre for Earthquake Research (IRCER) has been established in IMD for providing a multi-institutional platform for carrying out research on earthquake prediction related topics.

The network of Seismological observatories was further strengthened by establishing more observatories.  Present strength of the network is 51 observatories.  Studies in the Seismicity and Seismo-tectonics were continued.

During this plan period the Earthquake Risk Evaluation Centre has been established. It has completed microzonation studies of Delhi and Jabalpur at 1:50,000 scale giving geotechnical and engineering parameters of seismic induced damages.

7.1.10
National / International Cooperation

Research schemes on atmospheric science and cyclone prediction implemented at Centre for Atmospheric Science at IIT Delhi and Jadavpur University Kolkata were supported. In the area of International cooperation several WMO activities were pursued as follows:

 WORLD WEATHER WATCH PROGRAMME (WWW)

1. Global Data-Processing System






2. Global Observing System






3. Global Telecommunication System





4. WWW Data Management






5. WWW System Support Activity




6. Operational Information Service

7. Instruments and Methods of Observation Programme





8. Tropical Cyclone Programme






9. WMO Antarctic Activities






WORLD CLIMATE PROGRAMME  (WCP)

1. Climate Programme Co-ordination





2. Support Activities, including IPCC on  climate change, Biodiversity and Desertification.


3. Global Climate Observing System





4. World climate Data and Monitoring Programme




5. World Climate Applications and Services Programme, including the CLIPS project.



6. World Climate Impact Assessment and Response 



7. Strategies Programme.



8. World Climate Research Programme






ATMOSPHERIC RESEARCH AND ENVIRONMENT PROGRAMME (AREP).

1. Global Atmosphere Watch including support to ozone and other environmental oriented conventions.


2. World Weather Research Programme including





i. THORPEX

ii. Tropical Meteorology Research Programme




iii. Programme on Physics and Chemistry of clouds and



iv. Modification Research.




 
 


APPLICATIONS OF METEOROLOGY PROGRAMME

1. Public Weather Services Programme





2. Agricultural Meteorology Programme





3. Aeronautical Meteorology Programme





4. Marine Meteorology and Associated Oceanographic



5. Activities Programme







     HYDROLOGY AND WATER RESOURCES PROGRAMME

1. Programme on Basic System in  Hydrology 




2. Programme on forecasting and Applications in Hydrology.

3. Programme on water-related issues





4. Programme on sustainable Development of Water Resources.





5. Programme on capacity building in Hydrology and Water Resources


EDUCATION AND TRAINING PROGRAMME (ET)

1. Human Resouces  development






2. Training activities







3. Education and Training fellowships





4. Support to training events under other





5. WMO major programmes







TECHNICAL CO-OPERATION OGRAMME











     



NATURAL DISASTER PREVENTION AND  MITIGATION PROGRAMME.


W M O SPACE PROGRAMME   

7.1.11
Positional Astronomy Centre


The Indian Asronomical Ephemeris used by Navigators, Astronomers and Survey of India for Tidal computations is prepared and published by this center.  In addition to that the centre also issues the National Calendar and Rashtriya Panchang on behalf of the Government of India. During the X th plan period the entire activities were reviewed by a high power National Committee and completely modernized. The products are now made available on the Website and 5 years in advance to help all possible applications in the country.                                                                                                       

 7.1.12
Human Resource Development 

The training unit of IMD was established in 1947.1. Various disciplines covered are: General Meteorology, Instrumentation, Agrometeorology, Telecommunications and computerised data processing. In addition, a number of advanced refresher courses on highly specialized subjects, including a number of SAARC seminars, have also been conducted. 

The training facilities of the department have been recognized as a Regional Meteorological Training Centre (RMTC) of the WMO in 1986 which is among the 22 such centres of the WMO. Several WMO sponsored training seminars have also been organized by IMD in the field of tropical meteorology, storm surge, agrometeorology and monsoon. The training facilities of the department consist of well-equipped laboratories, class rooms with modern audio-visual equipments, well-furnished residential hostels and training school building.

During the last five years the training centes of the department have trained nearly 1184 trainees in various disciplines including 22 foreign trainees mainly from developing countries in Asia and Africa.

7.1.13 Infrastructure Development
New office buildings have come at Hyderabad and Jaipur Meteorological Centres replacing rented ones. Residential quarters have been built at Jaipur, Ajmer Observatory and Palam Met Office. Land has been purchased for Met Centre Chandigarh, Mangalore RSRW station. A Radar building has been constructed at Vishakhapatnam. Maintenance of existing buildings at Mausam Bhavan , New Delhi, Pune office, RMC and MC buildings at all centres have been carried out by CPWD.  New Guest house for visiting
scientists and Officers has been constructed at Shivaji Nagar,Pune.

7.2
National Centre for Medium Range Weather Forecasting (NCMRWF)
7.2.1 Operational

NCMRWF continues to be the only Organization in the country for Real-time Global Data Assimilation & Medium Range Weather Forecasting.

In addition, several Mesoscale Models and Data Assimilation system are run on operational basis to provide forecasts for high-impact weather.

The medium range forecasts are made available to India Meteorological Department(IMD), and a number of other user agencies(Ministry of Agriculture, IAF, Indian Navy, SASE, DAE, DOD etc.). Through in-house effort, the Centre has developed its Web Page. Its data and products are also kept on this page and are accessible to  user agencies and public.

Established a network of 107 Agro Advisory Service(AAS) units out of planned 127 units, one in each of the Agro Climatic Zones(ACZ) of the country..  

Provide Quantitative location specific medium range weather forecasts to AAS units regularly. 

Forecast products are also provided to other countries for example Sri Lanka, Kenya, Qatar, Nepal etc. 

7.2.2 Experimental/Semi-Operational

Experimental Extended Range (monthly) and seasonal Predictions are issued during monsoon seasons.

7.2.3 Research & Development

7.2.3.1 Global Modeling & Assimilation System

A new high-resolution Global Model & Data Assimilation System (T170/L28) has been developed in-house at NCMRWF.

A new and improved Planetary Boundary Layer (PBL) scheme has been implemented in-house in the NCMRWF global model.

A new and improved Radiation scheme has been implemented in-house in the NCMRWF global model.

A new Ensemble Prediction System has been developed in-house to make ensemble medium range weather forecasting. 

A new objective criteria based scheme for medium range prediction of onset, progress and withdrawal of southwest monsoon has been developed. 

New Convection schemes have been implemented and test runs have been carried out.

Schemes have been developed in-house to assimilate passive microwave radiometer data (total precipitable water, wind speed) from MSMR, SSM/I sensors from Remote Sensing Satellites.

Schemes have been developed in-house to assimilate Advanced TOVS (ATOVS) Satellite data.

Schemes have been developed in-house to assimilate Wind data from QUIKSCAT Satellite data.

Schemes have been developed in-house to assimilate data from Meteosat Satellite.

Schemes have been developed in-house to assimilate data from ACARS system.

Comprehensive Quality Control system is regularly updated to account for new types of satellite data.

Schemes have been developed to effectively utilize Indian RS/RW data which otherwise does not get assimilated in other operational global NWP centers.

A Rainfall Analysis scheme has been developed to analyze merged rain gauge and satellite data over the Indian region.

A statistical interpretation (SI) prediction system has been developed in house for improved location specific forecasts. 

Crop weather models have been calibrated and validated for different crops cultivated in different agro-climatic zones of the country.

A low-resolution version of the forecast system has been implemented on a workstation to meet the emergency situation if entire computing infrastructure collapses due to some accident or other reasons.

Model & assimilation codes have been re-written so that they run on every computing platform at NCMRWF.

7.2.3.2 Regional Modeling & Assimilation System

Research works on Mesocale models (MM5, ETA, and RSM) are being carried out to improve short-range predictions.

Schemes have been developed to assimilate Doppler Radar data in Mesoscale models.

7.2.3.3 Extended-Range/Seasonal/Climate Prediction System

The NCMRWF Extended-range/Seasonal prediction system has been developed in-house. 

Skill of this prediction system is comparable to that from other leading seasonal prediction centers.

Long integrations have been made using the NCMRWF global model to understand and alleviate the model systematic errors.

A Chemical forecast & Long-range aerosol transport Model has been developed and implemented.

7.2.3.4 Publications 

The scientists of the Centre have published a large number of research papers in journals of international repute. 90% of the scientists of the Centre  are Ph.D. degree holders, some of them have worked for their degree while serving NCMRWF. Many scientists have supervised Ph.D. students of various universities/institutions. 

7.2.4 Supercomputer Establishment and Upgradation 

To meet the increasing demands of  NWP, the Centre established supercomputing and networking facilities and regularly upgraded the same. 

Recently, a 64-processor Cray X1e system has been installed. An indigenous parallel processing computer system PARAM PADMA from CDAC has been installed. 

The bandwidth of internet connectivity has been raised to 4 mbps. 

The Centre contributed to development of indigenous parallel computing capabilities in the country in the field of weather and climate modeling.

7.2.5 Other Important Achievements

Initial and boundary conditions from global model are provided to various agencies to enable them to run their regional models. 

Customized forecasts are  provided from time to time for special requirements which include defence exercises, adventure sport, tourism, entertainment, power sector etc.

Crop Weather Models have been developed, training imparted and technology has been transferred to various Agriculture Universities 

A number of training programmes have been organized for scientists/users from within the country and abroad in NWP, use of NWP products, and their applications. NCMRWF scientists serve as faculty in various national training programmes.  

The Centre has organized many national and international conferences, workshops, and symposiums. 

7.2.6 Participation in International/National Coordinated Programs

NCMRWF participated in WMO/WGNE/MONEG program on seasonal monsoon prediction; in WMO/WCRP/AMIP program on global model intercomparison; in WMO Australia Monsoon inter-comparison project and INDOEX. 

.

NCMRWF participates in 
· WMO/WWRP  THORPEX   and CEOP programme.

· BOBMEX, ARMEX, LASPEX, and other programmes 
· STORM, CTCZ, PROWNM and other programmes
NCMRWF is a collaborating institute with NCAR, UK Met Office, and LMD France, Florida State University, University of Maryland, University of Washington, MPI Germany.

7.3
Indian Institute of Tropical Meteorology (IITM)

The IITM has its research programme under the scheme ‘Research in Tropical Meteorology’ against its Tenth Five Year Plan (2002-07).  Research work under this scheme was organized under five major areas viz., (i) Monsoon Prediction, Climate Dynamics and Modelling, (ii) Environmental Meteorology, (iii) Cloud Physics and Atmospheric Electricity, (iv) Scientific Computing for Atmospheric Research, and (v) Strengthening of Infrastructure. Research work carried out under the 10th Five Year Plan has contributed to the studies relating to severe weather systems affecting Indian subcontinent, Asian monsoon variability and predictability, application of satellite data in weather forecasting, climate modelling and dynamics, regional aspects of global climate change using instrumental and proxy climate records, short-term and long-term climate diagnostics and prediction, hydrological modelling, cloud modelling, theoretical understanding of atmospheric and oceanic circulation, atmospheric monitoring and air pollution studies through LIDAR, radiometric and spectrometric remote sensing systems, middle atmosphere and chemical climate, atmospheric boundary layer experiments, atmospheric electrical characteristics, development of simulation techniques in cloud physics and surface observations of atmospheric electricity and electrical properties of clouds. 

The research has also contributed to the progress of some of the international programmes such as World Climate Research Programme (WCRP), Climate and its Variability (CLIVAR), International Geosphere - Biosphere Programme (IGBP), Intergovernmental Programmes of Climate Change (IPCC), United Nations Framework Convention on Climate Change (UNFCCC), etc. The IITM has also been part of many national research and observational programmes such as Indian Climate Research Programme (ICRP) of the Department of Science and Technology, Indian Ocean Modelling (INDOMOD) programme of the Department of Ocean Development, IRSP4 Application Programme of the Indian Space Research Organisation, Environmental Information System of the Ministry of Environment and Forests, Climate Change Projects of The Energy Resources Institute (TERI) etc. IITM  participated in several multi-Institutional observational programmes like ARMEX, CTCZ and STORM of the Department of Science and Technology, ISRO-GBP Programmes like ARBS, ICARB and Nation-wide Land campaign, Southern Ocean expeditions of the National Centre Antarctica and Ocean Research, Goa, and 24th Expedition to Antarctica and research programmes being actively pursued by several observational and theoretical scientists working in the field of Atmospheric Sciences in different countries. 



The scientists of IITM have also collaborated with leading scientists of other nations through several bilateral research programmes such as Indo-UK programme on impact of climate change on water resources, Indo-France programme for the study of sensitivity of the Indian summer monsoon to anthropogenic climate change, Indo-US (DST-NSF) projects on aerosol studies, Asia-Pacific Network (APN) for global change research, Indo-Bulgaria Programme of co-operation in Science & Technology, Indo-Swedish collaborative programme on Composition of Asian Deposition (CAD), etc. 



A review of the achievements of the 10th Five Year Plan programmes of the IITM is summarized below:

7.3.1
Monsoon Prediction, Climate Dynamics and Modelling

· Discovered a coupled feedback between the tropical Indian Ocean circulation and the southwest monsoon winds, on sub-seasonal / intra-seasonal time-scales, which is pivotal in forcing long-lasting breaks in the monsoon rainfall over India and occurrence of droughts over the subcontinent. This new understanding should foster major improvements in our ability to predict the monsoonal rains on time-scales of days-to-weeks. 

· Demonstrated the role of Indian Ocean SST boundary forcing in influencing the monsoon intra-seasonal variability and the seasonal monsoon rainfall over India through atmospheric GCM simulation experiments.

· Improved understanding of the ENSO-monsoon teleconnection through convection changes over Northwest Pacific has been obtained that has major implications on predicting the seasonal mean monsoon.

· Experimental Long-Range Forecasts of seasonal mean monsoon rainfall based on various statistical and dynamical techniques were sent, every year, to the India Meteorological Department (IMD).  In issuing the national seasonal forecast for the All India Monsoon Rainfall, the IMD takes guidance from IITM forecasts together with their own empirical model results.

· Typical analysis of pixel-by-pixel OLR data, performed through digitized                    Kalpana-1 IR observations showed unique characteristic feature highlighting the persistence of very deep convection (OLR ~ 85 W/m) at Santacruz and surrounding area for a period 09 UTC of 26 July to 03 UTC of 27 July 2005. This analysis, along with integrated approach of multiple satellites specifying the details of integrated water vapour, cloud liquid water content and precipitation rates gave the signature of occurrence of excessive rainfall over Santacruz.

· An integrated effect of NAO and ENSO has been found to give a signal 3 to 4 months in advance for the prediction of excess/deficient monsoon rainfall over the Indian region.

· A method to predict the onset date of Indian monsoon over Kerala, about six weeks in advance, has been developed. The method is based on the observed relationship between Thiruvanathapuram, Cochi, Alapuzha and Kodaikanal during pre-monsoon months                (March - June) for the period 1961 – 1992. Based on the highly significant skill demonstrated by the method on hindcast mode, it is being validated on operational mode for the recent monsoon years (2001 onwards).

· East Indian Ocean SST over the region 5ºS - 5º N, 85º - 95º E has been identified as a new predictor for both all India summer monsoon rainfall and annual rainfall. April SST over the region helps predict the annual rainfall and June SST is useful in prediction of the monsoon rainfall.

· POM model simulated subsurface circulation indicated that reversal in the direction of Somali current is present only in the shallow upper layer up to 50 to 70 meter depth. Subsurface Somali current is found to be northward through out the year.

· IITM has taken a national lead in generating high resolution regional climate change scenarios for two time slices, one corresponding to the present (1961-90) and the other for the future (2071-2100), using Hadley Center Regional Climate Model (PRECIS). These scenarios, developed based on the future projections of SRES GHG emissions, form the basis for the impact assessment studies being carried out by different research groups in India relating to agriculture, water resources, human health etc.

· Quality controlled data sets on all-India and macro-regional scale monthly rainfall and surface air temperature developed and updated every year by the Institute are highly sought after and extensively used by many researchers in India and abroad for understanding monsoon variability and global teleconnections.

· A set of four Atlases depicting the Spatial and Temporal Variations in rainfall during 1813-2003 over India have been prepared. These atlases can serve as an excellent reference material for understanding intricate monsoon rainfall variations during the last century.

· For the first time, tree ring chronologies spanning more than 5 centuries of Tectona grandis based on extensive sample collections from Narange Forest, Kerala have shown to be useful in the reconstruction of monsoon climate over the Peninsular India.

· Tailor-made Hydrometeorological products  generated at the Institute based on hourly and daily rainfall data from a dense network of stations in India have extensively been used by several central and state agencies dealing with water resources management,   flood control and hydropower generation.

7.3.2
Environmental Meteorology

· Argon-ion lidar derived aerosol loading in the ABL over Pune showed a significant increasing trend in the last 14 years due to urbanization and a well defined seasonal variation. Multi-site aerosol optical characterization has been made using multiwavelength radiometers, and aerosol radiative forcing estimates at the surface and at the top of the atmosphere have been made for an urban location using sun/sky radiometer.

· Precipitation chemistry studies in different environments in India showed that rain is alkaline in nature at most of the locations except at some industrial and forest locations.  This is due to neutralization of acidic components of rain by soil originated components.  

· State of the art atmospheric chemistry model to study the long-term trends in the atmosphere from surface to 100 km and a tropospheric ion chemistry model have been developed and also an Environmental Information Center (ENVIS Centre) for creating database and inventories of acid rain and atmospheric pollutants over the Indian region has been established at the Institute. 

· A rotating drum automatic UV-visible spectrometer for monitoring stratospheric/ tropospheric NO2, O3, H2O and O4 has been developed indigenously. Observations with this spectrometer compared well with those by the Dobson Spectrophotometer and satellite observations.

· An automatic twilight photometer has been utilized to obtain vertical profiles of aerosols up to 120 km altitude and observations during meteor shower periods showed enhancement of aerosols at mesospheric levels and their subsequent downward transport to lower altitudes.

· Sustained observations from an instrumented tower set up at the NCAOR campus during ARMEX experiment reveals that(i) the surface layer profile has an internal boundary layer at the site extending up to ~ 2 m above surface due to coastal terrain, (ii) analysis of water vapour and CO2 data showed significant negative correlation coefficient (> -0.8) existing in the unstable atmospheric conditions corroborating inverse phase relationship in variation of CO2 and water vapour (August – October 2002) in moderate and light winds, and an increase in water vapour and decrease in CO2 during sea breeze, and                                             (iii) micrometeorological spectra depicted -5/3 power law in the inertial sub-range.

· Unusual changes in surface ozone and NOX concentrations (day time minima and night time maxima) have been observed during 3 January to 20 February 2005, a week after the giant Tsunami wave struck Tranquebar, Tamilnadu on 26 December 2004. 

· Measurements on surface ozone along and across the Coromandal coast of Tamilnadu, in December (2000 and 2002) and in April (2001 and 2003) have shown higher ozone concentration along the coastline than 20 km inland possibly due to oxidation of hydrocarbon by chlorine radicals from sea.
7.3.3
Cloud Physics and Atmospheric Electricity

· Based on the experience gained in the Institute’s warm cloud modification experiments, assistance to various State Governments in their respective rain enhancement programmes has been provided and extensive Radar data collected during these programmes are being analyzed to study the cloud microphysical characteristics.

· Isolated thunderstorms occurring over Pune region have been observed to have an extensive Lower Positive Charge Centre (LPCC) which can last for more than 75% of the lifetime of the storm. These LPCCs are strong enough to initiate/trigger an intracloud (IC) or cloud-to-ground (CG) lightning discharge. Shape of the surface electric field recovery curves of such CG lightning discharges has strong signatures of the influence of corona charge accumulated in the sub-cloud layer. 

· Some lightning discharges in thunderclouds deposit enough charge in one part of the thundercloud so as to trigger another lightning discharge of opposite polarity in a remote area of the thunderstorm.

· Thunderstorms occurring over Pune region frequently exhibit ‘End-of-Storm-Oscillation (EOSO)’ in surface electric field. A novel case of an inverted EOSO is reported in a thundercloud of inverted polarity in our observations.

· Atmospheric electric conductivity over sea surface near west coast of India undergoes approximately a three-fold increase at the time of the onset of southwest monsoon. The observed increase is proposed to occur due to the generation of multiply charged large ions generated due to wave-breaking in the high wind speed regions over the Arabian Sea.

7.3.4

Scientific Computing for Atmospheric Research

· Augmented the computational facilities at the Institute by acquiring workstations, PCs, printers, scanners, data storage devices, intranet and internet, and necessary softwares.

7.3.5

Strengthening of Infrastructure

· Carried out face-lifting of the Institute’s surrounding, Constructed two ultramodern Conference Halls and one Seminar Hall for national and international events like meetings, conferences, etc. Improved horticultural activities at the Institute’s campus.

7.3.6  
Number of Research Publications in peer reviewed journals during 10th Five Year Plan


Total 250 papers published during the 10th Five Year Period (4 years i.e. 2002-03 to     2005-06) out of which 135 papers have been published in journals with Impact Factor.  Cumulative Impact Factor of 135 Papers is   216.11717


Number of Research Publications in peer reviewed journals during 10th Five Year Plan with Cumulative Impact factor : Please see Annexure I

8.
CONTINUING PROGRAMME
8.1 India Meteorological Department(IMD)
For defining the directions in which IMD should proceed in the next ten years, it is necessary to look into the emerging global scenario in meteorology as well as to envisage our own national requirements.  The global trend is towards issues related to improved public weather services, Disaster Management, NWP models, climate change, global warming, ozone depletion, research focus, human resources development etc.  Also, as India industrialises, the requirements of meteorological service are becoming more demanding.  Environment related issues have now assumed even greater importance as they are affecting significantly the quality of life in major cities
IMD’s perspective plan for the next decade presented in this section has been derived from the following considerations:
· Global scene in Meteorology

· Requirements of meteorological services to keep pace with the transition of our society in 2020 timeframe.

· Availability of expertise and capabilities within the country.

· Research trends in atmospheric sciences and allied fields.

· Maximum utilization of state of art technology in observation system, instrumentation, space-based systems, computers and telecommunications


· The need for more accurate and timely prediction of high impact weather events of extreme nature (For example Mumbai Rainfall of 26 July,2005) .

· The need for providing more precise weather information for economically important sectors such as agriculture, aviation, shipping, power generation etc.

· Providing more precise and accurate information for better preparedness against weather related disasters and for disaster mitigation related operations.

· Improved outreach of weather related information and products to a vast variety of end users in a most effective and efficient manner.

· To cater to the weather/climate information related needs of general public in view of the changing scenario in the country.

In the recent past, some of the high impact weather events of extreme nature have attracted the attention of public at large and media persons. Particularly after the unprecedented heavy rainfall spell recorded at Mumbai on 26th July, 2005, inadequacy of meteorological infrastructure has been felt.  General feeling is that availability of more sophisticated equipments and better communication facilities for real-time collection of meteorological data and dissemination of information would have resulted in increased capability of weather forecasters to provide weather related information and forecasts with more lead time. Key to minimizing losses due to such unprecedented weather events is “better information and adequate preparedness”. As an aftermath of this event, general policy guideline that has emerged from the high level functionaries in the Govt. is “to make meteorological services in India of World-class standards”.  It is, therefore, absolutely necessary at this stage to take right direction and put in sufficient thrust backed by strong commitment and adequate resources to augment the infrastructural facilities in the department. As a sequel to the initiative taken in middle of the year 2004 from very high level in the Govt. stressing the urgent need for upgradation of forecasting and observation systems of the Department, lot of spade work has already been done by the Department.  As a first step in this direction a feasibility report spelling out detailed requirements of upgradations required in IMD has already been sent to the Planning Commission.  It is, therefore, essential that projections for 11th Five Year Plan made in this document are in consonance with the projections made in the feasibility report.

Ministry of Civil Aviation has recently announced its large scale plans for modernization of a number of airports in the country.  Since provision of meteorological services at the airports forms an essential component of airport services, IMD will be required to make corresponding upgrades in the aviation related meteorological equipments and the meteorological services in accordance with the guidelines given by ICAO. A detailed review in this regard has been conducted jointly by a team of offices from MCA, AAI, DST and IMD and a report prepared.  This will form the basis for projecting requirements of upgradation of airport meteorological services in accordance with priorities   suggested by the users (MCA and AAI).  A large chunk of financial resources will, therefore, to require in the 11th Plan to meet this commitment by the Department.

Most of the existing radars operating in the IMD’s network of weather radars are old and obsolete and are difficult to maintain due to non-availability of spares. All these radars need to be replaced with state-of-art Doppler Weather Radars with capabilities of generating digital data and a large number of operational products for use by the field forecast offices. Existing network of radars also needs to be augmented further to provide adequate coverage for real-time weather monitoring at all places in the country.  A high level national committee of experts has given recommendations on the type of radars required their approximate numbers, frequency band of operation and strategy of inducting new type of radars in the IMD’s network.  A large chunk of financial resources will have to be allocated to meet this national commitment of vital importance from the point of view of real time weather monitoring over all parts of the country.  Projections in the 11th Five Year Plan document have been made keeping in view the recommendations of above mentioned committee of experts. These are also in accordance with the feasibility report referred in the above para..

WMO Long-term Plan

World Meteorological Organizaion, in consultation with various member countries, has formulated Long-Term Plans which discusses in depth the broad sectors or issues which would have to be addressed during the decade 2006-2015. Sixth WMO long-term plan for the period 2004-2011 and 7th WMO long-term plan for the period 2012-2019 have been prepared by the WMO. Its major objectives for the next decade are the following 

Global Observations:  To foster the effective integration of global and regional programmes for comprehensive and reliable observation of the state of the global atmosphere and the entire earth system; and to support the following major objectives through the international exchange of these observations.

Public Services, welfare and safety:  To ensure that, in all countries, the general community improves its understanding of the value of, and is better assisted to benefit from the basic public information, weather forecasts and warning services provided by National Meteorological and Hydrological Services.

Natural Disaster Mitigation:  To contribute to the goals of the internationally co-ordinated programme for Natural Disaster Reduction through the implementation of detection, prediction and warning systems.

Specialised meteorological and hydrological services:  To assist members to satisfy the requirements of the growing number of users of specialized meteorological and hydrological services and to give specific attention to transportation safety, provision of food, fibre and fresh water.

Climate:  To ensure that WMO exerts effective international leadership in climate monitoring, research and applications including global climate prediction.

Environmental quality:  To contribute, through scientifically sound monitoring and research to understanding, arresting and reversing the degradation of the atmosphere and the marine and hydrological environment.

Sustainable development :  To contribute through the meteorological, hydrological and oceanographic monitoring, research and prediction facilities and programmes of National Services, to environmentally and economically sustainable development in all countries.

Capacity building:  To bridge the gap between national Meteorological and Hydrological services of developing and developed countries.

Commercial activities :  To build an effective harmonious and mutually supporting relationship between public and private sectors of the meteorological and hydrological communities in the provision of commercial meteorological services.


From the above, it is clear that issues relating to climate and environment have been designated as thrust areas where considerable efforts are required to be put by member countries subject to the capabilities as well as availability of respective national resources.  In many developing countries, a major part of resources are still to be apportioned for updating the existing activities to bring them at par with other member countries.


A proper examination and research in issues related to climate variability pre-supposes a high quality of data.  The accuracy requirement of data for climate study is much more stringent as compared to what is required for meso-scale/synoptic scale weather forecasting.  The importance of high quality of data is now being fully appreciated as we attempt to grapple with problems such as definition and management of climate change and variability.  It is now being realized that the number of sites which have long term records of sufficient quality to give meaningful data are less than what are optimally required.  The data we collect now is for posterity and we must ensure that it is going to be of high value.  While accepting this principle, we should also keep in mind that data for other purposes such as research or forecasting and warning services would continue to be required.


Another area, where considerable efforts are required is timely availability of data.  In many developing countries, the telecommunication network is still in nascent stage due to which data which is acquired at considerable effort and resources is simply not useful for meso-scale forecasting as it is not available in time.  Therefore, there is an urgent need to update the telecommunication network standards.  Since considerable resources would be required for this purpose, it may be necessary to examine diversion of funds by closure of such observation stations whose data cannot be made available in time.  However, the requirement of climate research would dictate continuation of such observations for the purpose of long term record.


The requirements of high quality of data put pressure on the observation system to induct newer technology and other methods.  For instance for recording surface observations, automatic weather stations need to be essentially inducted which would remove errors due to human intervention.  However, they may not replicate manual observations in respect of averaging times and the different sensors used.  These can make small but significant changes in the record. Newer systems like Doppler Weather Radars, wind profilers, automatic weather stations, global positioning system soundings and advanced Space-based systems are at the leading edge of technology.  Most of the staff and officers do not have the necessary skills for the operation and maintenance of such sophisticated equipment.  Increased attention will have to be given to redeployment of staff by retaining them in the appropriate fields.  Continuing training of observers in newer fields has to be organized in future.


Research in environment related issues would require establishment of expanded monitoring network of atmospheric pollutants like SO2, NO2, CO2.  Continuous monitoring of ozone, particularly in tropical regions where it is produced is essential to understand fully the mechanism of its production, transport and its destruction by pollutants.


Increased attention is required to be paid for natural Disaster Mitigation, including seismology, during the next decade.  Effective and timely communication of the occurrence of earthquake to the mitigation agencies is very essential for reduction of loss of life.

Thrust Areas

The proposed “Major  Thrust Areas’’ and  “Sub-thrust Areas”  for the Eleventh Five Year Plan for  IMD are as follows:

MAJOR THRUST AREAS: 

(1)        Observational and Met. Telecommunication system.  
Sub-Thrust Areas.                             

1. Space Meteorology
-continuing programme

2. Meteorological Telecommunication.

-continuing programme

3. Observational System



-continuing programme

4. Instrument Development.



-continuing programme

(2) 
Weather Forecasting System.     
Sub-Thrust Areas

5. Cyclone Warning and Research.


- continuing programme

6. Forecasting Services.



- continuing programme

7. District Meteorological Information Centers (DMIC).
- new programme

8. Early Warning System.



- new programme
(3) Specialised Meteorological Services.

      Sub-Thrust Areas:

9. Services to Aviation.



- continuing programme

10. Hydromet. Services.



- continuing programme

11. Agro Met. Services.



- continuing programme


(4) Seismology and Earthquake Risk Evaluation .

      Sub-Thrust Areas:

12. Seismology.




- continuing programme

13. Seismic Hazard and Risk Evaluation.

- continuing programme

(5) Climate & Environment Monitoring & Research.

Sub-Thrust Areas:

14. Climate Research and Monitoring.

- new programme

15. Environmental Studies.



- continuing programme

16. Research.





- continuing programme

(6) Human Resource Development.


- continuing programme
(7) National and International Co-operation.

- continuing programme
(8) Infrastructural Development and Maintenance
- continuing programme
Programme Goals


Within each thrust area, the programme goals and the benefits that would result from their realization are discussed in the subsequent paragraphs.  Full details, including year-wise phasing of expenditure under different heads, are given in a separate document appended at appropriate place in this report.

Major Thrust Area (1) - Observation and Meteorological Telecommunication

3.1
Space Meteorology


A very high priority is to be given right in the beginning of the 11th five year Plan for establishment of new ground segment for reception and processing of meteorological data from the next meteorological satellite of INSAT-3 series i.e., INSAT-3D, to be launched before end of 2007/early 2008.  It will be a dedicated meteorological satellite with advanced payloads of multi-channel imager and a 19 channel atmospheric sounder.  The multi-channel imager will have capability of providing 1 km. resolution imagery in visible band and 4 km resolution in the Thermal infrared bands.  The sharper images of weather phenomena provided in the visible and IR bands will allow better discrimination of features.  Also, they will provide better insights into the structure of tropical storms, thus further helping in issuing accurate cyclone warnings.  The INSAT-3D payload will demand an upgradation of the ground system in terms of high bit rate data handling and additional softwares  for derivation of  new products.


Beyond the INSAT-3 D time frame, the Indian Space Programme envisages advanced satellites like Megha-Tropiques, OCEANSAT-2 etc. which will be expected to further improve IMD’s forecasting capabilities over land and ocean and provide data for climate studies and atmospheric research.  Preparatory work on the definition of these satellites which are likely to be launched during 11th Five Year Plan, has already commenced. As the system definition get clarified, IMD has to initiate  parallel  actions for building up its ground infrastructure.  The ground processing systems also need to be suitably augmented for receiving data from U.S. earth observation and meteorological  satellites which would monitor weather and environment parameters on higher spatial resolutions than the Indian Satellites.   For all these satellites, ground processing software for deriving products and the utilization of products for various applications will have to be developed in R&D mode.


Some of the services of satellite INSAT have an added provision for broadcasts of meteorological data and warnings.  Under the MDD (Meteorological Data Dissemination) system, INSAT imagery, facsimile weather charts and weather data are being broadcast in near real time to IMD’s forecasting centers throughout the country.  In the 11th Plan, it is proposed to enhance the capability at the field units by adding to the number of receiving stations and by resorting to digital transmission of INSAT imagery.  The INSAT based  Cyclone Warning Dissemination System (CWDS) which has proved to be highly successful in conveying warnings of approaching cyclones directly to affected areas, will be strengthened during the 11th Plan by replacing the old equipments installed first in mid 1990s and by making technological improvements to ensure smooth operations during cyclone situations.  Digital Cyclone Warning Dissemination System (DCWDS) receivers will be installed in place of old analog systems.  Already 100 nos of DCWDS are working in coastal areas of A.P.


The INSAT-based Data Collection System will be augmented and utilized more efficiently during the 11th Plan period by using the spare transponder capacity for transmission of meteorological data from a large number of  Automatic Raingauge and Automatic Weather Stations proposed to be deployed in the field areas for real time data collection..
Budget Requirement
Rs in crores
	Sub-Thrust Area
	2007-08
	2008-09
	2009-10
	2010-11
	2011-12
	Total  

	Space Meteorology
	30.84
	33.24
	32.50
	12.00
	18.00
	126.58


8.1.2    Meteorological Telecommunications

It is IMD’s mandate to provide, operate and manage the basic telecommunication system necessary for collection of weather observations from various types of observing stations, their transmissions to the analysis centers, dissemination of processed outputs to various field units in the shortest possible time and to meet the present and future national and international communication requirements related to weather service.

During the 11th Plan, it is proposed :

(v) To provide satellite based communication links at all surface, upper air, radar and other observation stations through creation of new Hub station at New Delhi.

(v) To provide computer based current weather display system at all important airports.

(v) To establish maintenance centers for telecommunication equipment at Regional Offices.

(iv)
To replace old and obsolete communication equipment including HF receivers, AMSS computers etc.


The need to develop a dedicated satellite-based telecommunication system for IMD in the 11th Plan arises from the sheer volume of digital data from satellites, radars and computer products that would require to be handled during this period.  A networking of computers at Delhi, Pune and other places would provide immediate access to the field centers to the latest computer derived products and climatic information.  Moreover, while in a broadcast mode, all types of information is disseminated, taking a longer time, in a computer access mode the users can selectively and speedily obtain only that information which is of interest to them.  With digital transmission of satellite imagery planned for the 11th Plan, and the expansion of the national radar network with digital processing, exchange of radar and satellite imagery and products could be realized through an efficient telecommunication system, as the image processing work stations at  the field units would commonly handle various types of data.
Budget Requirement 

Rs in crores
	Sub-Thrust Area
	2007-08
	2008-09
	2009-10
	2010-11
	2011-12
	Total  

	Meteorological Telecommunication
	46.10
	33.40
	19.15
	3.73
	1.21
	103.59


8.1.3    Observational Systems
IMD maintains a dense network of upper air and surface observatories to obtain data on vital atmospheric parameters.  Besides the observatory network, IMD also has a network of X-Band and S-Band radars.  During the 11th Plan, the following upgradation to the observing systems are  proposed :

(i) Replacement of all old analog based X-Band radars with state of art Doppler radars having digital capability is planned.  This will enable processing of large amount of data with a computer, generate quantitative products and image & products display which can be subjected to detailed analysis which is not possible with the present analogue-type of radars.  The digital data and products can also be transferred from the radar station to other radar stations and field forecasting offices in real-time for operational use.

(ii) All old ground equipments of SAMEER make being used operationally for tracking of  radiosondes.

(iii)
During 10th Plan, Department had commissioned the first wind profiler at Pune as 

part of a development programme of DST.  This profiler was designed and developed indigenously by SAMEER, Mumbai.   Five more wind profilers are proposed to be introduced in the upper-air network.  These systems do not need consumables like balloons or gas and are capable of providing very frequent upper air wind observations.  They are also useful in studies of clear air turbulance. 

(iv)
A large number of observatories are proposed to be upgraded/departmentalized.  Automatic weather stations will be set up where manned stations can be operated with difficulty.  Satellite-based  transmission of data to the analysis center will be started.
Budget Requirement  
	Sub-Thrust Area
	2007-08
	2008-09
	2009-10
	2010-11
	2011-12
	Total Rs lin crores

	Observational system
	101.22
	130.80
	136.80
	129.60
	66.00
	564.42


8.1.4   Instrumentation Development
To ensure the quality of observations, standardization and calibration of instruments has to be improved.  Also, the instrument design itself has to be reviewed from time to time and modifications introduced.  For this purpose, it is proposed to set up R&D centers for instrumentation at New Delhi and Pune and to upgrade the test, calibration and standardization facilities.  The Radar Laboratory at New Delhi will be equipped with facilities in tune with the new types of radars that are being installed and would have to be maintained.  The IMD workshops and New Delhi and Pune which are engaged in instrument manufacture on a large scale have to be modernized by replacing obsolete machinery with fully automatic/semi-automatic machines which will help to turn out quality products in a more efficient manner.
Budget Requirement
	Sub-Thrust Areas
	2007-08
	2008-09
	2009-10
	2010-11
	2011-12
	Total Rs lin crores

	Instrumentation Development                   
	41.10
	93.03
	84.80
	25.16
	22.88
	266.97


Major Thrust Area (2) - Weather Forecasting System

8.1.5
Cyclone Warning and Research

Although the topical cyclones which form in the Bay of Bengal and Arabian Sea are fewer in number than such storms in other parts of the world, they are the ones which are most deadly.  It has always been IMD’s aim to provide timely warnings in order to minimize the loss to life and property and help relief agencies in organizing disaster mitigation work by constant surveillance of the cyclones through satellites and radars.


During the 9th & 10th Plans, Department had started replacement of the existing S-Band Cyclone Detection Radars (CDR) by Doppler Weather Radars (DWR) which are capable of providing an insight into the cyclone structure and velocity field.  So far only four old radars have been replaced with Doppler radars.  During the 11th Plan, it is proposed to replace the remaining 6 old CDRs with the new DWRs.  The Doppler radars will make available a large volume of data to researchers for further studies in the movement and intensity of tropical cyclones which in turn will lead to better warning services.


During the passage of a cyclone, ordinary anemometers usually get blown off.  In order to estimate the actual wind velocities, it is necessary to install special wind recorders designed to withstand such high speeds.  During 9th and 10th five Year Plans, Department had installed 20 nos. of high wind speed recorders in the cyclone-prone coastal areas.  During the 11th Five Year Plan, it is proposed to install high wind speed recorders at 10 more locations on the coastal areas.


The INSAT-based Cyclone Warning Dissemination system which was introduced in the North Tamil Nadu and South Andhra Pradesh coasts in 1982, has since been progressively expanded to cover the entire coastline of the country.  This service provides a means for warning the coastal population directly in the local language, through selectively tunable receivers even when terrestrial communication links fail during a cyclone.  It has been acclaimed by the media, public, and relief agencies.  During the 10th Plan, 100 nos. of state-of-art Digital Cyclone Warning Dissemination System (DCWDS) receivers were installed in the coastal areas of Andhra Pradesh.  During the 11th Five Year Plan, the old analog receivers installed in the early phase at 250 locations will be replaced with the state-of-art DCWDS receivers.
Budget Requirement 

	Sub-Thrust Areas
	2007-08
	2008-09
	2009-10
	2010-11
	2011-12
	Total Rs in crores

	Cyclone Warning & Research                        
	42.40
	147.66
	205.62
	243.88
	476.40
	1115.96


8.1.6    Forecasting Services
(i)
During the Eleventh Plan, it is proposed to modernize the 11 major field forecasting offices of the department by providing them real time access to the main new supercomputer proposed to be established at HQrs office, New Delhi.  This will enable the field offices to obtain high level products for use in day to-day operational weather forecasting.

(ii)
Considering the ever increasing amount of meteorological information/data required to be handled at the field offices, it is necessary to introduce auto-plotting and analyzing at all field forecasting centers.

(iii)
To strengthen the public relation activities of the department and to further enhance the public image, it is proposed to establish separate media support centers for information, publicity and extension activities.  At present this activity is being carried out by the operational forecasters, who are always hard pressed for time and are therefore, unable to carry out their duties efficiently.

(iv)
The forecasting manuals of the department, which are a useful reference material for all field offices need to be updated and revised suitably by incorporating latest information and data.

(v) Forecasting set-ups at Bangalore, Thiruvananthapuram and Pune are to be upgraded to cater to growing requirements.
Budget Requirement 

	Sub-Thrust Areas
	2007-08
	2008-09
	2009-10
	2010-11
	2011-12
	Total (Rs  in crores)

	Forecasting Services                                               
	65.00
	25.00
	5.00
	5.00
	5.00
	105.00


Major Thrust area (3) – Specialized Meteorological Services

3.7 Aviation Services                                                 
Service to aviation is a major operational activity of IMD.  During the 11th Plan, the following areas of growth are proposed in this sector :

a). Modernisation of airport instruments at all major airports to provide accurate and timely information on parameters crucial to aircraft operations and aviation safely.

b). Establishment of appropriate type of Doppler Radars at two international airports to provide warnings for wind shear and microburst phenomena.

c). Exploitation of new Doppler Weather Radar systems for providing warnings against severe weather.

d). Upgradation of aeronautical observatories keeping in view the expansion of aviation sector and introduction of air services to new airports.

Budget Requirement 

	Sub-Thrust Areas
	2007-08
	2008-09
	2009-10
	2010-11
	2011-12
	Total (Rs  in crores)

	Aviation Services                                                 


	92.80
	115.80
	172.20
	255.80
	301.00
	937.60


3.8 Hydrometeorological Services

Hydrometeorological information is very important for water resources management. 

IMD is providing very important technical inputs for evaluating design criteria for construction of hydraulic structures.  Other services given by IMD include support to the flood forecasting centres and monitoring of rainfall all over the country.

(i) Work will be continued during 11th plan for preparation of generalized probable maximum precipitation (PMP) maps for different areas/duration.  Suitable techniques will be evolved for this purpose.  Such maps will be of immense use for the hydrological engineers engaged in the construction of hydraulic structures.

(ii) It is also proposed to augment the network of permanent snow observatories Western Himalayas.  This is necessary in view of the inadequate snow cover information for hydrological purpose and for use in long range models for monsoon predictions.

(iii) Two more Flood Meteorological Offices (FMOs) will be set-up in the catchment areas prone to flash floods in order to provide better meteorological support to Central Flood Forecasting Divisions (CFFDs).

(iv) Meteorological  component of an externally aided (funded by World Bank) Hydrology Project (Phase-II)  will also be implemented by the Department during the 11th Five Year Plan.  The main objective of this project is to improve the quality and service of Hydrometeorology data in selected states of India.  The project envisages training of observers, creation of data centres in the states and upgradation of IMD’s observation and calibration/test facilities.

Budget Requirement 

	Sub-Thrust Areas
	2007-08
	2008-09
	2009-10
	2010-11
	2011-12
	Total (Rs  in crores)

	Hydro Met Services                                                   


	10.36
	16.88
	9.89
	1.81
	1.55
	40.49


8.1.9    Agrometeorological Services

Agrometeorological services  of the Department have a direct impact on the agricultural production.  It is necessary to further improve the services during the 11th Plan by expanding the observational network and having closer co-ordination with state government authorities.  Suitable research/study projects will also be initiated in order to provide better services to users in  particular :

(i) Network of soil moisture observatories will be augmented to 42 (from existing 12 nos.) during 11th plan.  Data will also be recorded for use in developing rainfall budgetary methods for applicaion to agricultural problems.

(ii) The existing Agromet Advisory Services of the Department will be strengthened by incorporation of additional information on soil temperature, cloudiness, dry spell/ wet spell etc. which will be better suited to the requirements of the farmers/end users.

(iii) In order to enhance the accuracy of agrometeorological measurements, it is proposed to modernize the Central Agromet. Observatory (CagMO) at Pune and at 3 Agromet Research Units located at Bangalore, Anand and Rahuri.  With this, it would be possible to measure the energy and water balance components in the crop canopy.  Using this data it would be possible to develop crop growth simulation models.

(iv) Use of remote sensing data will continue be made in Agricultural  Meteorology and further research work will be undertaken for development of crop-specific growth and yield models.  More interaction will be done with other research groups, particularly at SAC and NRSA who are doing similar work.

(v) Greater interaction with the agricultural agencies is envisaged, particularly in data exchange and research in inter-disciplinary areas. Interaction with State Departments of Agriculture and Agricultural Colleges would be brought under an institutional arrangement to produce farmer oriented advisories for direct application.

Budget Requirement  
	Sub-Thrust Areas
	2007-08
	2008-09
	2009-10
	2010-11
	2011-12
	Total (Rs  in crores)

	Agrometeorological services
	141.40
	144.92
	148.54
	152.15
	10.58
	597.59


Major Thrust Area (4) – Seismology and EREC

8.1.10
Seismology

It is proposed to strengthen the existing seismological network by upgrading 20 

existing stations and setting up 20 new observatories.It is also proposed  to add 50 more new seismological observatories to the national seismological network, as part of a major proposal to setup an optimum seismological network consisting of 177 stations to improve the detection threshold of locating earthquakes of magnitude 3.0 and above occurring anywhere in the country.  To meet the ever increasing requirements of seismological data transmission/reception, processing, handling and storage, it is proposed to setup a modern National Seismological Database Centre in IMD, by deploying state-of-art computer hardware and software and communication equipment for immediate processing, easy access and safe archival of valuable seismological data sets.


It is proposed to take up work related to archival and digitization of old seismic analog charts.   A pilot project is proposed for scanning and vector digitization of a few significant seismic analog charts to establish a technically viable approach.  


It is necessary to give more thrust in human resource deveolopment for Seismology.  It is proposed to create a specialized center for training in Seismology . 

 It is also proposed to set up a modern state-of-art Operational Center for real-time monitoring of earthquake activity in the country on 24x7 basis and to house the Operational Center in a well designed ground-floor building to withstand maximum  earthquake forces likely to be expected in Delhi (corresponding to Zone-IV).  This would not only ensure safety to the operational staff  but also ensure minimal  damage to the structure due to earthquakes for uninterrupted continuation of operational activities of the department.

     This is another very important service area of the Department which has recently

attracted attention of the public at large and the publicity media in the country particularly after the Bhuj Earthquake of 26 January, 2001 and Sumatra Earthquake of 26 Dec., 2004 leading to vast destration on the Coastal areas due to Tsunami.  There have been many reviews and discussions at higher levels in the Government on this service of the Department.  There is an urgent need to further improve this service during the 11th Plan.

(i) To improve serviceability of seismic equipments, a modern testing and calibration facility will be  established a New Delhi.  Seismo Workshop at Delhi will also be modernized by providing state-of-art machines and other equipments needed  for improving quality of seismic recorders being fabricated there.

(ii) In order to take up more efficiently the works related to micro-earthquake survey after the major earthquake it is proposed to procure and set up an eight element telemetry array system.  This will help  taking up survey at short notice.  Existing arrangements for such type of activities are not adequate and efficient.

(iii) For better monitoring  of seismic activity over the Gangetic Plan and Peninsular India, it is proposed to upgrade the network of observatoeies in the country.  New observatories will also be set up and suitable telecommunication facilities will be created for more efficient data collection.

(iv) To improve the technical competence of officers and staff for seismology related works it is also proposed to set up during 11th plan a seismological training centre at New Delhi.  This centre will provide three levels of training courses and will be equipped with latest teaching aids. 

Budget Requirement  
	Sub-Thrust Areas
	2007-08
	2008-09
	2009-10
	2010-11
	2011-12
	Total (Rs  in crores)

	Seismology
	17.46
	26.86
	16.78
	18.15
	8.98
	88.23


8.1.11    Seismic Hazard and Risk Evaluation

As per seismic zoning of the country over 59% of India’s land area is under threat of moderate to severe seismic hazard. Damage to life and property can be greatly reduced by proper land use planning, engineering approaches, strengthening of existing structures etc. Seismic hazard and risk microzonation is an essential and important tool for disaster mitigation planning.

Seismic microzonation of Mumbai, Guwahati, Ahmedabad and Dehra Dun on 1:10,000 scale and creation of national Database for Seismic Hazard and Regional Risk appraisal are proposed for the XI th Plan. 

The benefits of microzonation can be summarized as improved –

· Resource allocation for remedial upgradation

· Information for planning and mitigation efforts

· Education of the public, land use planning for policy makers, designers and disaster managers 

Budget Requirement  
	Sub-Thrust Areas
	2007-08
	2008-09
	2009-10
	2010-11
	2011-12
	Total (Rs  in crores)

	Seismic Hazard & Risk evaluation
	55.62
	57.30
	53.10
	61.14
	71.22
	298.38


Major Thrust Area (5) – Climate & Environment Monitoring and Research

8.1.12
        Environmental Studies

(i) Considering the importance of carbon dioxide in global warming, it is necessary to establish facilities in India for systematic monitoring of concentration of the gas in the atmosphere.  At present only one station in India is in the process of commissioning for making such measurement on a routine basis. More stations are proposed to be opened in this planperiod to cover major geographical areas of the country to get a good estimate of CO2 sources and sinks in the region. Long time records of this data will be useful for future studies related to global warming.

(ii) In view of the impact of different atmospheric constituents on climate change, it is also proposed to upgrade ozone monitoring and BAPMON activities during 11th Plan by establishing additional stations in the data gap regions and to provide capability for monitoring other gases such as SO2 and NO2 and laying stress on aerosols which are now considered to have not only serious health effects but also significant climate forcings. Aerosol stations would be opened at around 20 locations covering areas of dust rising, agricultural burning and urban/ industrial emissions.This data will be useful for systematic environmental studies. Monitoring of micromet weather parameters will also be strengthened in view of their importance for boundary layer related studies.

(iii) Systematic studies on environmental urban meteorology and Bio-meteorology will also be started during 11th Plan to establish relationship between meteorological parameters and different human activities.  Under this programme calculations of comfort index of various places of interest will also be done for different seasons.  This information will be of  direct applications in tourism.

(iii) A data centre would be opened for archiving observational data and metadata that are useful their interpretation and providing derived products to users of different categories

Budget Requirement  
	Sub-Thrust Areas
	2007-08
	2008-09
	2009-10
	2010-11
	2011-12
	Total (Rs  in crores)

	Environmental Studies
	6.00
	4.20
	3.60
	3.60
	4.80
	22.20


8.1.13   Research
Systematic research on a continuous basis in meteorology is essential as it has direct bearing on the weather forecasting services.  It is, therefore, proposed to give additional thrust during 11th Plan to a few important research areas :

(i) In order to improve Long range Predictions of monsoon rainfall which has a direct impact on the Agricultural production, it is proposed to develop improved models for predictions of rainfall on seasonal, part seasonal and monthly scales over State and Sub-divisional scales.  Further studies on use of a suitable ocean-atmosphere Coupled General Circulation Model (CGCM) for long range forecast of different elements will also be undertaken.

(ii) Considering the increasing importance of harnessing conventional source of energy for various sectors of national economy, it is proposed to further strengthen the network of wind observations, collect systematic data and make a systematic analysis in order to assess wind energy potential.

(iii) Upgradation of Drought Research Unit will also be done during the 11th Plan to map drought prone areas using remote sensing data.  The main objective is to monitor district-wise agricultural droughts and to evolve integrated drought index based on meteorological, climatological  and agricultural parameters.

(iv) For better consideration of overall research activities of the Department and to evaluate various research proposals received by the Department through various institutions, it is also proposed to establish a research monitoring cell in the Office of ADGM(R), Pune during the 11th Five Year Plan.

(v) With a view to provide better research facilities to the Indian scientists, it is proposed to construct  during 11th Five Year Plan a separate library building in Pune and to equip it with latest user friendly systems for more efficient and easy access to the facilities.  Present library building is quite old and is inadequate to handle large number of publications.

Budget Requirement  
	Sub-Thrust Areas
	2007-08
	2008-09
	2009-10
	2010-11
	2011-12
	Total (Rs  in crores)

	Research
	6.94
	3.10
	2.21
	2.21
	2.21
	16.67


8.1.14    Human Resources Development

IMD will continue to provide and maintain training facilities for imparting the necessary professional skills to IMD personnel to enable them to meet the growing demands of work.  The increasing sophistication in their work arising out of the induction of modern technology has to be matched with the creation of expertise through specialized training  in satellite, radar, communication s and instrumentation.  Computer-aided Learning would be introduced in a big way.  The Central Training Institute at Pune will be supported by specialized training centres to be set up and/or  upgraded at Pune and New Delhi and regional centres.  Advanced refresher courses would be organized periodically for in-service staff besides ab initio training courses for fresh recruits.  This would provide opportunities to them for career advancement and professional satisfaction.

Budget Requirement 
	Sub-Thrust Areas
	2007-08
	2008-09
	2009-10
	2010-11
	2011-12
	Total (Rs  in crores)

	HRD
	8.04
	9.84
	8.04
	6.24
	5.04
	37.20


3.15 National and International  Cooperation

Meteorology, being an inter-disciplinary science, opportunities for national and international cooperation have to be utilized for its development.  Also, IMD would promote further research efforts within India through grants-in-aid to universities and institutes for pursuing research projects in atmospheric sciences, the result from which would benefit both the Science and profession of meteorology.
Budget Requirement 

	Sub-Thrust Areas
	2007-08
	2008-09
	2009-10
	2010-11
	2011-12
	Total (Rs  in crores)

	National /International Coop
	0.40
	0.40
	0.40
	0.40
	0.40
	2.00


8.1.16    Infrastructure Development and Maintenance

As a continuing effort towards capacity building, it is proposed to modernize the Hydrogen Factory,  Agra, where the gas required for balloon flights is generated.  It is also proposed to create a similar facility at one more place to reduce transportation delays and to set up gas-generation facilities at some of field units of operational importance.

IMD has over the years, added to its infrastructure in terms of office buildings, staff quarters, trainees’ hostel etc. This aspect needs to be pursued in the coming years as required for implementing various 11th Plan schemes such as construction of Radar buildings at Paradeep, Bhuj, Mumbai and renovation of the existing Radar base structures. Construction of office buildings of newly created meteorological centres viz. Shimla, Dehra Dun, Raipur, Ranchi and Itanagar will also be completed. 

Budget Requirement  
	Sub-Thrust Areas
	2007-08
	2008-09
	2009-10
	2010-11
	2011-12
	Total (Rs  in crores)

	Infrastructure Development and Maintenance
	74.72
	109.98
	107.93
	102.74
	28.72
	424.09


8.2 NCMRWF
The demands for accurate, reliable, and customized forecast products are increasing continuously and various sectors of economy are increasingly factoring weather based advisories in decision making. Numerical modeling forms the back bone for all weather and climate forecasting systems, all around the world. At the time of establishment, NCMRWF became the unique global NWP Centre which not only computed weather but also demonstrated applications.  

During the XI Five Year Plan, our main goal is to further improve the accuracy, reliability and range of medium range weather forecasts, provide regional forecasts at very high resolution for high impact weather systems, provide modeling support in early warning systems for weather and climate based disasters, and significantly enhance outreach. In view of the requirements of the country, particularly the agricultural and economic planning sectors, complementary goals of extended range/seasonal prediction will also be vigorously pursued.

Keeping in view the developments and trends in the field internationally and emerging requirements, it is proposed to focus on the following thrust areas during the eleventh five year plan: 

1. Global Modeling  and Data Assimilation System

2. Meso-scale Modeling and Data Assimilation System

3. Extended/Seasonal Prediction System

4. Climate Modeling System

5. Environmental Prediction (Aerosol, pollution, chemical etc.) System 

6. Agromet Advisory Services

7. Computing Resources 

8. Infrastructure

8.2.1 Global Modeling  and Data Assimilation System

Activity 1: Global Modeling  System 

Objective: To improve the dynamics and physics of the NWP model.  These improvements will be incorporated in the operational global  Model, to enhance quality of deterministic medium range weather prediction. 

This involves the following targets:
· Increase horizontal resolution to T354: (approx. 40 Km) for operations and T511 (approx 25 km) for research

· Increase vertical resolution to 60 Layers

· Semi-Lagrangian Schemes

· Improve the Parameterization of Physical Processes:

· Boundary Layer

· Radiation (Short-wave & Long-wave)

· Cumulus Convection

· Land Surface Processes 

· Air-Sea Interaction

· Mountain Drag

· Implement a Real-time Ensemble Prediction System 

· using Perturbation Breeding Method

Present Status           
 Resolution: Both horizontal and vertical resolutions have been increased & T170/L28 model has been developed. Test runs with newer version of the 

global model are being carried out. 

Ensemble Techniques: An 8 member ensemble prediction system at coarse resolution has been implemented. This system is based on breeding vector technique and is able to take into account uncertainties in the initial condition. 

Radiation Parameterization: A new shortwave radiation parameterization scheme based on NASA/Goddard has been implemented in the NCMRWF operational model.  The new shortwave radiation scheme replaced the old-generation GFDL shortwave radiation scheme. The new scheme takes care of scattering and absorption processes in the cloudy atmosphere. Zenith angle dependent surface albedo computation is also a part of the new shortwave scheme.   A dust aerosol model has been developed at NCMRWF.  It shows better energy balance between incoming and outgoing fluxes.  CCM3 radiation scheme (shortwave and longwave) is implemented in the NCMRWF global model. This scheme includes the radiative effects of sulfate aerosols and trace gases like methane, NOx, CFCs in addition to water vapor, CO2  ,O3 and clouds. Studies indicated that CCM3 radiation scheme is able to produce more realistic surface fluxes and heating rates compared to the operational radiation scheme. 

Convection/ Cloud Parameterization: The Global weather prediction model of NCMRWF was integrated using two different convection parameterization schemes, namely, the Simplified Arakawa-Schubert scheme (SAS) and, the Relaxed Arakawa-Schubert Scheme (RAS). These schemes show a strong monsoon flow and better prediction of rainfall over the Indian subcontinent as compared to the Kuo scheme. Comparison between SAS and RAS indicated that the former scheme produces relatively better forecast skill scores in terms of systematic and root mean square errors.

A study was carried out for the utilization of CLW derived from the MSMR on board IRS-P4 satellite in the NCMRWF model. The analyzed CLW data from IRS-P4 was compared with similar products from SSM/I on DMSP satellites. Results indicated that the model derived CLWP values were within acceptable limits, where as the (MSMR) observations showed slightly larger values.

Planetary Boundary Layer Processes: Parameterization of the PBL in the NCMRWF model uses a simple first-order local closure approximation. Impact studies over Indian region using a more sophisticated TKE closure scheme  showed positive results on the formation and movement of monsoon depressions. The precipitation distribution pattern also improved to a great extent. Later, a non-local closure approximation for the PBL was implemented in the NCMRWF model. The overall impact of the non-local scheme was found to be positive compared to the local scheme. The precipitation distribution pattern was improved to a substantial extent. 

Studies are on to ascertain the sensitivity of the global model towards utilization of different roughness lengths for heat and momentum and compare the boundary layer structure with the data from various field experiments over Indian regions. Work on developing  unified boundary layer scheme by assigning weights to various schemes depending on their individual performances is near completion.

Air-Sea Interaction: It has been shown that coupled evolution of the upper ocean is significant for medium range weather forecast over the Bay. An upper-ocean model was coupled to the global circulation model and exploratory simulations were carried out. On the basis of these works it was felt that work on an ocean data assimilation system for Bay of Bengal has to be pursued. The use of observed sea surface temperature on the analysis-forecast cycle was implemented 

Proposed activities        Higher resolution models with improved physics and dynamics shall be developed and inducted into operations. Improved ensemble prediction system in terms of model resolution, ensemble technique, and number of members shall be developed. Increasing the detail of the radiation parameterization scheme is essential to improve the forecast of temperature and fluxes. The future modification are to introduce more accurate cloud-radiation interaction, aerosol-radiation interaction schemes in the NCMRWF models. 
Increasing the detail of schemes that parameterize physical processes, like convection is essential to improve the model forecast with a realistic prognostic cloud scheme. Understanding PBL dynamics and developing PBL parameterizations compatible to very high resolution global model will be undertaken. High resolution Boundary Layer Model for simulating ABL Eddies (Nested in a High Resolution Mesoscale NWP Model) is another field on which research work will be carried out that would specifically focus on utilization of data from field campaigns. 

A more detailed land-surface model will be implemented with the corresponding land-surface assimilation scheme to initialize the surface boundary fields of the global model

Activity 2

:  Global Data Assimilation System

Objective

: Major objectives of this activity are the following:

· Improved algorithm for 3-DVAR Assimilation

· Development of 4-DVAR Schemes and test runs 

· Utilization of all available satellite data

· Assimilation of Radar data

· Land Surface Data Assimilation

· Assimilation of Special Data from Field Experiments/IOP
Present Status           
: At present, a three-dimensional variational (3D-VAR) scheme is operationally implemented at NCMRWF, which utilizes satellite derived observations, apart from conventional meteorological observations also.  Data processing techniques including decoding, quality-control etc. and assimilation methods have been devised for new satellite observations (viz. METEOSAT, ERS, MSMR/SSMI, ATOVS, QuickScat) for its real-time utilization in operational global data assimilation system. Schemes have been developed in-house to assimilate data from ACARS system. Extensive Observation System Experiments (OSE) are carried out to determine optimum use of satellite data. Comprehensive Quality Control system is regularly updated to account for new types of satellite data. Schemes have been developed to effectively utilize Indian RS/RW data which otherwise does not get assimilated in other operational global NWP centers. At present there is no land surface data assimilation. A Rainfall Analysis scheme has been developed to analyze merged rain gauge and satellite data over the Indian region.
Proposed activities:

· Improved algorithms for better quality control and assimilation of observations.  

· Implementation of a land surface data assimilation scheme.

· Implementation of  4-D VAR assimilation system by the end of the XI Five year  plan

Activity 3
Observation Data Reception, Monitoring, Processing & Quality Control System

Objective
: Major objectives of this activity are to 

· Develop tools for data Reception/ Monitoring/Processing, Quality Control of Data using Comprehensive Quality Control Procedures Examine Data Rejection Statistics and develop innovative Methods to improve better Quality data Ingestion into the Assimilation System

Present Status  : Though NCMRWF receives ~80% of conventional data  as compared to that received by other leading NWP centers of the world but in case of satellite  observations it is one order less.  It is required to establish bilateral  arrangements for data transmission with some of these agencies for quick acquisition of these voluminous data sets.   Continuous monitoring of   data acquisition status is also a very important task and due to lack of manpower the same could not be dealt with proper importance

Proposed activities      : Observation pre-processing such as data selection, thinning, daily monitoring of different types of observations are some key issues attached with success of any operational data assimilation system. NCMWF is sharing its monthly data monitoring report with other NWP centers.   
Extensive resources have to be deployed for data monitoring  in operational mode.  Studies to evolve proper data selection and thinning criterion over our region of interest have to be undertaken. 

Activity 4

Model diagnostics and Verification System

Objective
Tools for model diagnostic and model verification will be developed. R & D works on new verification metrics will be carried out. Research on model systematic errors will be carried out and models will be improved based on these studies.

Present Status 
At NCMRWF, a set of diagnostics, which include forecast systematic errors and standard verification scores suggested by WMO/CBS are generated every month on a routine basis.  The NCMRWF operational forecasts compare well with those of the other centres and have demonstrated an acceptable level of forecast skill. The aim of the verification process is to provide skill and accuracy reference against which the impact of the subsequent changes in the analysis-forecast system can be measured. During the recent years several changes have been implemented in the NCMRWF analysis-forecast system and the model performance has been evaluated. 

Proposed activities
The efforts at NCMWRF would continue in understanding the origin of the systematic errors and reduce them to the extent possible. We also aim to add some more parameters in the list of diagnostics at NCMRWF. 

	 Total of above activities


	2007-08
	2008-09
	2009-10
	2010-11
	2011-12
	Total  

	Global Modeling  and Data Assimilation System
	  1.38
	  2.02
	  2.81
	  2.91
	2.69
	11.81


8.2.2 Mesoscale  Prediction System

Activity
R&D on mesoscale modeling system and data assimilation for short range weather prediction

Objective

Major objectives of this activity are as follows:

· Retrieve high spatial-density data from Satellite/ GPS data, 

· Assimilate measurements from radars, aircraft and conventional surface based networks, 

· Utilize a 3D-VAR approach, 

· Utilization of fine-mesh mesoscale models 

· Generate and validate high-resolution weather predictions, using boundary conditions from a large-scale global model.

Present Status       
High impact weather system are manifestation of meso-scale weather systems embedded with in large scale flow. These cause severe loss to life and property.  Mesoscale models are run routinely to dynamically downscale global model predictions and to provide accurate weather forecasts for high impact weather systems.
At present, three meso-scale models (MM5, WRF & ETA) are being regularly run at NCMRWF at different resolutions (10km, 32km, etc.)  Data assimilation system (3D-VAR) compatible to MM5 and WRF have been acquired from National Center for Atmospheric Research (NCAR) under MOU and installed at NCMRWF.  Mesoscale data assimilation in turn needs high resolution observations. Conventional as well as satellite 

observations obtained through GTS are being assimilated in this scheme.

Research on impact of physics parameterization in mescoale predictions are being carried out. Assimilation of Doppler Radar data has been carried out for the first time in India using a mesoscale data assimilation system. For Mountain Meteorology programme of India, special  R&D works are being carried out using the mesoscale models and predictions are prepared for  Himalayan regions. 

Proposed activities
Higher resolution mesoscale models with improved physics and dynamics shall be developed and inducted into operations. High density observations will become available from meso-net, satellite and radar system and will be assimilated using a 3D-VAR approach.  

Hurricane WRF(HWRF) is the next generation meso-scale model  suitable for simulating tropical cyclones. Forecast demonstration project relating to land falling tropical cyclone over Indian region has been initiated recently and several experiments using different combination of resolutions/nesting, observations, model-physics have to be carried out over our region to achieve an optimal configuration of the meso-scale modeling system over our region. This task also require considerable computing resources 

Budget Requirement                                                                                                                 

	
	2007-08
	2008-09
	2009-10
	2010-11
	2011-12
	Total (Rs  in crores)

	MESO-SCALE  PREDICTION SYSTEM


	0.50
	0.82
	1.10
	1.26
	1.26
	4.94


8.2.3: Extended-Range/Seasonal Prediction System

Activity

R & D on extended-range and seasonal prediction system
Objective

Major objectives of this activity are as follows:

· Develop a Multi-Model Ensemble (MME) Prediction System for Extended-range/Seasonal forecasting of Rainfall & Temperature

· Test runs with Dynamic MME Schemes

· Dynamically downscale the global model predictions for regional domain

· Statistical downscaling methods for improving the long-range forecasts

Seasonal Prediction and Application to Society (SEAPRAS) program at NCMRWF aims to improve the capacity in India’s resource management to cope with the impacts of increasing variability of the world's climate, by establishing a platform through which policymakers and resources managers have better access to, and make better use of, information generated by climatologists and meteorologists. The objective is to provide the planners with more reliable seasonal climate prediction information and guidance to facilitate suitable applications. 

Present Status           
The Seasonal prediction system has state-of-the-art global models as its major component. The skill of the NCMRWF seasonal prediction system is comparable to those of other international operational prediction centers around the world. R&D works are underway to include several other global models in the seasonal prediction system to generate a multi-model ensemble system to provide the policy makers and resource managers a probability distribution function (pdf) prediction of future climate events. Research works on seasonal prediction for monsoon rainfall are being carried out at NCMRWF and other research institutions in India. However, an operational system for seasonal prediction for all the seasons, with an aim to meeting the demands of several socio-economic sectors is not at place in the country. 

Proposed activities
Extended/Seasonal predictions are made routinely at a number of meteorological centres around the world, using comprehensive coupled models of the atmosphere, oceans, in conjunction with, or as an alternative to empirical methods. Present-day skill of climate predictions needs to be examined from a social and economic perspective and attempts to be made to effectively utilize the climate prediction information. Economic value of seasonal predictions is measured by the increase in social welfare arising from the use of the prediction in economic decision making. One of the major concerns with a potential climate change is that an increase in extreme events will occur. Results of observational studies suggest that in many areas, extreme precipitation and temperature events have become frequent. Climate model simulations show changes in extreme events for future climate, such as increases in extreme high temperatures, decreases in extreme low temperatures, and increases in intense precipitation events. 

Following activities will be carried out to make SEAPRAS a successful program.

(i) Development of the multi-model ensemble prediction system will be completed in the first year.

(ii) Development of a well-calibrated probabilistic prediction system will be completed in the second year.
(iii) Development of application systems for water resource management, energy demand management will be completed by fourth year.
(iv) Drought Monitoring & prediction system will be developed and completed in the fourth year.

(v) Verification will be carried out from users’ perspective in the fifth year.

Budget Requirement                  
	
	2007-08
	2008-09
	2009-10
	2010-11
	2011-12
	Total (Rs  in crores)

	Extended Range/Seasonal Prediction System
	  0.27
	  0.58
	  0.70
	  0.67
	0.52
	  2.74


8.2.4 Computer/Network Infrastructure and Services

Activity


Computer/Network Infrastructure and Services

Objective
Major objectives are:
                                        Planning; Procurement; Maintenance of computer systems

                                                    Graphics/visualization; Software application support, system 

                                                    Analysis, web design, GIS, Networking

                                                    Archival and Retrieval, Data Services

                                                    Programme Monitoring and Implementation, Coordination 

Present Status           At present the Centre has Cray X1e, Param Padma, Cray SV1,Origin, Dec-Alpha, O2 systems. Each scientist has been provided a desktop.  The Centre has LAN and internet connectivity. Many of the systems need phasing out/replacement/upgradation. 

Proposed activities
Desk tops for additional man power, new desk tops as replacement of obsolete systems, new servers for data processing, web services, archival, storage, and periodic upgradation of supercomputing facility and network bandwidth

Budget Requirement                                                                                   
	
	2007-08
	2008-09
	2009-10
	2010-11
	2011-12
	Total (Rs  in crores)

	Computer/Network Infrastructure and service
	  0.50
	  0.74
	  1.02
	  1.10
	1.10
	  4.46


8.2. 5 
Agromet Advisory  
 
Activity 1
Opening 20 new Agromet. Advisory Service (AAS)    Units


 

 Objective
To start AAS from all 127 agroclimatic zones of the country

 

Present Status
At present there exist 107 AAS units which are functioning under different State Agricultural Universities/ Institutes of Indian Council for Agricultural Research (ICAR). NCMRWF provide grant-in-aid to these collaborating agencies to defray salary of one scientist, expenditure on TA/DA, contingencies and development of infrastructure. No grant-in-aid is provided to two of these units as they are opened on special request by collaborating agencies that are bearing the expenditure themselves. Also, they are functioning with overlapping domains of the given agroclimatic zones.

 

Proposed Activities
NCMRWF has to cover all the 127 agroclimatic zones and provide forecast to theses units on a bi-weekly basis. This will require additional grant-in-aid to be provided to collaborating university/institute for their functioning





 

Activity 2
: Crop modeling & Decision support system (DSS)


Objective
: To develop and use crop model and Decision support system in   farm decision making in AAS 

 

Present Status
: Upon the receipt of weather forecast from NCMRWF, a group of agricultural Scientists at AAS units translate, in a subjective manner, the current and forecast weather into farm management decisions and advise the farming community accordingly. Dynamic crop model based Decision Support System (DSS) can be used as an objective tool efficiently in farm decision making. In this direction NCMRWF has been demonstrating the use of crop models at some of the AAS units to help in farm decision making such as deciding cultivar selection, optimum sowing window, irrigation scheduling, etc. 

Proposed Activities
: There is wide variability in terms of intercultural operations in farm 
management with in agro-climatic zone, which is not addressed properly in the present level of advisory. Besides this, availability and use of spatial data/information at smaller spatial domain scale on crop, soil and other interactive parameters at regular interval will allow to address the variability present in the farming system and make the farm advisory more efficient, objective and meaningful. This needs development/ calibration/validation of Crop model and Decision Support System on crop, pest & disease and livestock management in different agro-climatic zones. This will require additional manpower and more crop information to 
be generated at zone level.

 

Activity 3

Statistical interpretation of NWP model output 
 Objective
To develop SI models for rainfall, temperature, wind speed & direction for all 107 AAS units for all seasons of the year 

 

Present Status
SI models have been developed for rainfall and temperature for 45 stations in monsoon season and for 20 stations in winter season

Proposed Activities
SI models to be developed for additional 62 stations in monsoon season and for additional 87 stations in winter season. SI models to be developed for other surface parameters like wind speed, wind direction, fog etc for the all-107 stations for all seasons.

   

Activity 4
Diagnosis & Synoptic Interpretation of NWP model  products


 

Objective
Production and customization of weather forecast in medium range. 

 

Present Status
At present customized medium range weather forecast in a subjective manner is produced for 107 Agromet. Advisory service units, Min. of Agriculture, Indian Army, other Govt. agencies, electronic and print media and other user agencies on daily basis.  

Proposed Activities There is need of such customized forecast for smaller spatial domain and different temporal scale for different purposes. Sectors like power, tourism and surface transport etc. require it for their regions of concern.  Further these forecasts need to be verified on regular basis. The work requires 15 manpower for the purpose.     

 

Budget Requirement                                                   

	Total of above 4 activities
	2007-08
	2008-09
	2009-10
	2010-11
	2011-12
	Total (Rs  in crores)

	Agro-met Advisory System
	  1.08
	  1.23
	  1.76
	  1.77
	  1.62
	 7.46


District-level Agrometeorological Advisory Service 

 

Activity
1

Preparing District Level Weather Forecast

 

Objective
1.Compilation of observed and NWP model data for the last 3-4 years

2.Development of SI models for essential surface parameters like rainfall and surface temperatures, for different seasons

3.Validation and Implementation of these SI models for operations. 

Present Status
Presently NCMRWF, is preparing forecast at agro-climatic zone level, using deterministic methods. The variability of meteorological elements, particularly rainfall, with in a zone (comprised of 4-5 districts) is so great that more than often farmers of the country are unable to reap the benefit of the forecast though it may be correct in broader terms. This necessitates further down scaling the domain of applicability of the given forecast. 

Consequent upon declaration by Hon’ble Minister for Science & Technology to provide district level forecast for the Monsoon 2005, NCMRWF took lead to generate weather forecast for districts of India, which is the basic administrative unit for managing the natural resources. NCMRWF has developed the procedure though which forecast for all 604 districts is being generated on daily basis and placed on its web page (www//:ncmrwf.gov.in). The district level forecast will have multifarious usage in different sectors of economy e.g. reservoir management, power generation/distribution, avalanche forecasting, flood forecasting, transportation, tourism, defense activities etc.
Status of SI models at NCMRWF: Perfect Prog Method (PPM) based SI models have been developed for monsoon(kharif) and winter(rabi) seasons. At present PPM models are used for rainfall and temperatures (maximum and minimum) for 45 stations in monsoon and for 20 stations in winter located in different agricultural climatic zones.  SI forecasts are superior  over the DMO forecast by about 10-20%. 

Proposed Activities
Development of Statistical Interpretation (SI) models for district level forecast will be undertaken. Other techniques such as bias removal, Kalman filter etc will also be developed to further improve the forecast skill.  They also need to be intensively validated and verified before they are put to operational use. Hence there is a need for the procurement of meteorological data at district level.  

Activity 2

District-level Agrometeorological Advisory Service (DAAS)


 

Objective
District-level Agrometeorological Advisory Service will be established.. 

 Present Status
The NCMRWF in collaboration with the State Agricultural Universities (SAUs) is  providing Agrometeorological Advisory Service (AAS) at the scale of Agroclimatic Zone (total 127, each comprised of about 5 districts) based on location specific Medium Range Weather Forecast. The forecast is prepared by using global, regional and meso-scale NWP models which are run in operational mode. Model out put is subjected to synoptic and statistical interpretation to prepare the zone specific forecast employing man-machine approach. Agromet Advisory Bulletins comprising of crop/animal/soil/pest/disease specific expert advise on cultural practices to be carried out by the farmers of the zone in view of prognosticated weather situations are made available to the farming community. 

NCMRWF has so far established 107 AAS Units and have plan to cover all 127 agro-climatic zone in near future. The center is providing agro-climatic zone specific day to today weather forecast for next 4 days twice a week i.e. Tuesday and Friday.  On receipt of the forecasts at the AAS unit, they prepare the medium range weather forecast based Agrometeorological Advisories in vernacular language in consultation with a panel of experts in various subject matters of Agriculture.  These agro-advisories are disseminated to the farmers through all possible mass media like newspaper, radio, television and also through personal contacts by extension workers. In addition, these bulletins are also provided to authorities of concerned departments like those of agriculture, horticulture, irrigation, soil conservation, animal husbandry etc. to enable them to take necessary measures for effective utilization of weather sensitive farm inputs and practices. During 2004, NCMRWF has also started issuing an All India agro-advisory bulletin on every Monday during monsoon season for dissemination and utilization by various departments and agencies both at centre and state levels. Ministry of agriculture and ICAR have institutionalized several follow up action based on these reports.  A Web based agro-advisory system was also implemented in 2004.

Proposed Activities:
Although quite successful and useful in terms of benefits accrued, the present agro-advisory system at the agro-climatic zone scale is inadequate to deal with issues related weather sensitivity of sustainable agricultural production owing to larger variability of farming systems as well as weather and soil, within the agro climatic zone. In a way, farm production is reflected by the signature of climatic (rainfall) variability present at sub-district (taluka) scale or even at sub-taluka scales. Present system lacks in terms of including observations on spatial variability in farm operations due to non-availability of information on weather, soil condition, sowing decision taken by farmer, irrigation, fertilizer and chemical application etc. within the zone. Keeping these considerations in view, NCMRWF plans to expand the farm advisory network from agroclimatic zone scale to district level in the country. Significant components are listed below:

Weather & Climate: Current information on various high impact weather events such as extreme temperatures, heavy rains, floods, and strong winds etc. are desirable to be included in advisory. Using historical climate data, climatology of various kinds need to be prepared for each and every location to support the agricultural decision making. There is a need for the procurement of historical and real time meteorological data at district level.

Agro-advisory: Development of dynamic model based Decision Support System (DSS) on crop, pest & disease and livestock management for use of spatial data to increase the timeliness of planting, spraying operations, irrigation applications, fertilizer applications, etc will be undertaken. Advisory content shall vary with location, season, weather, crop condition, and local management practices. The advisories is also envisaged to serve as early warning system for alerting producers to the implications of various weather events such as extreme temperatures, heavy rains, floods, and strong winds.

Information dissemination system: Timely dissemination of weather observations, forecasts, advisory bulletins to the end users is critical for their beneficial use in farm management.  Besides the existing communication network between NCMRWF and its AAS units at ACZ level, it is envisaged to use the 
reliable communication facility of National Informatic Centre (NIC) operating at district level for information transfer among NCMRWF, AAS units and all the districts. This uninterrupted information transfer includes reception of agrometeorological observations at NCMRWF from AWS, dissemination of Medium Range Weather Forecasts from NCMRWF to AAS units and centers at district level, and dissemination of weather forecast based advisory from AAS unit to respective district centers and NCMRWF. District level advisory may further reach down the line to the block/sub-taluka level using communication system under the control of district authorities. 

Budget Requirement                                                                                                        

	
	2007-08
	2008-09
	2009-10
	2010-11
	2011-12
	Total (Rs  in crores)

	District-level Agrometeorological Advisory Service
	  0.54
	  0.82
	  0.98
	  0.98
	  0.68
	 4.00

	Grant-in-Aid for Agrometeorological Units(AMFUs)
	12.70
	12.70
	12.70
	12.70
	12.70
	63.50


8.3 IITM

The    Research in Tropical Meteorology is the ongoing scheme which involves the following :
· Asian Monsoon Variability and Predictability
· Application of Satellite Data in Weather Forecasting and Large-Scale Hydrological Modelling
· Short-Term Climate Diagnostics and Prediction
· Cloud Modelling
· Middle Atmosphere Dynamics

· Aerosol and Climate Studies

8.3.1
Asian Monsoon Variability and Predictability


Land-surface processes over the northern hemisphere mid-latitudes and the air-sea interaction over the tropical oceanic region play an important role in the interannual/decadal variability of monsoon rainfall. Hence to better understand and predict monsoon rainfall variability studies on global connections are essential. The study will be continued in the  11th Plan Period.

Objectives
· To understand and predict the Indian monsoon rainfall (IMR) variability on intraseasonal, interannual and decadal time scales and its connection with low-frequency phenomena such as the El Nino Southern Oscillation (ENSO), North Atlantic Oscillation (ENSO), North Atlantic Oscillation (NAO), Pacific/North America (PNA) pattern and West Pacific Oscillation (WPO) using conventional and advanced statistical/empirical techniques. 

· To isolate regions which are more closely linked for the snow-monsoon connections in relation to monsoon variability using historical Soviet snow depth and INSAT derived Himalayan snow cover data.

· To understand the causes of the decadal variability of monsoon rainfall over the Asian domain.

· To explore connections of IMR variability within the Asian monsoon domain and other monsoonal regions of the world.

8.3.2
Application of Satellite Data in Weather Forecasting and Large-Scale Hydrological Modelling



Numerical Weather Prediction requires complete and accurate description of atmospheric state. For the detailed study of weather system developed on oceanic region from its initial state to its dissipation state, hourly/half hourly data are required frequently on real time basis. In order to alleviate data sparsity problem over oceanic region, it is better to use satellite observed data for obtaining the vertical temperature profiles etc. Also, through four dimensional data assimilation the past data can be used in optimum way for the analyses of meteorological parameters.


Importance of hydrological modelling for practical purposes as well as scientific purposes while it is useful to understand the sustainability of natural ecosystem is of great help in planning, management and implementation of agricultural activities. Knowledge of basin scale hydrological cycle is of great significance in the exploration and management of the water resources. There is tremendous emphasis in the modern meteorological research to understand the role of hydrological processes on the weather and climate of different spatial and temporal scales.

Objectives

· To acquire the satellite data like moisture/precipitable water, satellite observed winds, surface winds over oceanic region, outgoing long wave radiation (OLR) snow cover, soil moisture, vegetation index and sea surface temperature (SST) from the INSAT, GMS, METEOSAT, IRS-P4, NOAA, TOVS, archive and process the data for research applications. To use the IRS-P4 MSMR data for understanding the features of cyclones and monsoon depressions.

· To develop hydrological model for large-scale estimation of run-off and soil moisture using satellite derived rainfall, vegetation distribution and soil moisture for selected (hydrologically, agriculturally, ecologically and tectonically important) river basins of the country and understand the role of surface wind stress and spatial shift in the rainfall activities on the vagrancy of the courses of river.

 8.3.3
Short-Term Climate Diagnostics and Prediction


Climate has now been globally recognized as one of the most critical factors in socio-economic development, present as well as future. Therefore, a concerted effort will be made in the present research scheme to orient climate research being done at this Institute towards development of specific climate applications in the areas of agriculture, water resources and public health etc. This is believed to help the Indian population at large in coping with the climate variability in a much better way by effectively incorporating the seasonal climate information into the decision making processes at different levels.
Objectives
· To develop the necessary background and capability for true end-to-end application of seasonal climate forecasting in the areas of agriculture, water resources, public health, etc. 

· To develop climate forecast products tailored to suit the user requirements and to demonstrate the value of seasonal forecasts for the decision making in the areas of agriculture, water resources, etc. 

8.3.4
Cloud Modelling


Theoretical investigations relating to cloud modelling would help simulate precisely the physical and dynamical processes representative of the natural conditions in real clouds and investigate the seeding effects in warm and cold clouds. Similarly, modelling of fog/hail processes under a variety of atmospheric conditions and simulation of the effect of existing techniques for their modification would facilitate not only for understanding the microphysics and dynamics but also for evaluating the efficacy of different seeding techniques in improving visibility, particularly for air traffic operations and to minimize the losses to crop production activities. These studies are essential for advancing the present knowledge of numerical simulation of cloud/precipitation processes existing in monsoon clouds, and also to modify the fog/hail forming under different meteorological conditions over specific regions in the country. 

Objectives

· To carry out numerical simulation of cloud and precipitation processes for the study of the physical and dynamical properties of natural conditions in real clouds and to compare with the satellite-derived cloud observations.

· To undertake mathematical modelling and computer simulation of fog/hail processes under different atmospheric conditions and documentation of techniques available for their suppression.

· To undertake simulation of silver iodide/salt seeding of cold/warm clouds and investigate the seeding effects.

8.3.5
Middle Atmosphere Dynamics


For understanding the variations in rainfall and associated meteorological phenomena, the troposphere-stratosphere coupling and the influence of middle atmosphere dynamics on tropospheric circulation systems would be essential. Similarly the middle atmosphere responses to solar and geomagnetic activities are considered to be important for the physical understanding of meteorological phenomenon in the troposphere. 

Objectives

· To study the long-term changes and trends in ozone and other climate forcing parameters, and global change scenarios.

· To investigate interactions between tropospheric circulation, ozone and lower stratospheric temperature over tropics.

· To study stratosphere-troposphere coupling/ exchange processes.

8.3.6
Aerosol and Climate Studies


An understanding of the role of atmospheric aerosols and gases in the forcing mechanism and the forecasting of changes in global climate and in geosphere biosphere processes is necessary. In order to understand the role of these constituents in the climate system in influencing the atmospheric radiation regular and systematic measurements of aerosols and trace gas distribution is essential.

Objectives

· To monitor atmospheric aerosols, trace gases up to stratospheric altitudes using optical and solar radiometric remote sensing techniques and build aerosol and trace gas climatology for assessing long-term climatic impacts and trends for the study of troposphere-stratosphere exchange processes. 

· To carry out measurement of greenhouse gases using ultraviolet, visible and infrared spectrometers. 

· To develop atmospheric correction schemes for satellite data retrieval and comparison of aerosol and trace gas observations from LIDAR, Radiometer Spectrometer with in-situ and satellite observations.

· To study radiative forcing parameters due to aerosols and trace gases and their role in climate and climate change. 

· To measure air pollutants and undertake studies relating to atmospheric chemistry and acid rain for assessment of the impact of air pollutants on the environment vis-a-vis climate system. 

Upgradation of the following Existing Facilities is envisaged :
Stable Isotope Laboratory

                              
              


The dendroclimatology work is handicapped by the lack of a stable isotope laboratory. It will be equipped with mass spectrometers and other necessary equipments. This would also be an important new palaeoclimatology activity.

Instrumented Tower for continuous Boundary Layer Measurements   



For continuous measurements of the boundary layer turbulence parameters the existing micrometeorological tower will be augmented with new instruments. With this tower sustained high resolution measurements of turbulent parameters in the boundary layer will be made for development of parameterization of surface fluxes, based on understanding of relationship between turbulent fluxes and large scale environments.
Restructuring of Existing Workshop Infrastructure Facilities           


The workshop facilities will be modernized for advanced needs of the Institute by restructuring of the mechanical facilities and by initiating Electronic section. Specialized instruments required for observational experiments will be fabricated at this Workshop.

Budget Requirement  
Rs. in Crores

	Programmes

	2007-08
	2008-09
	2009-10
	2010-11
	2011-12
	Estimated cost

	Asian Monsoon Variability and Predictability
	6.00
	3.00
	3.00
	2.00
	2.00
	17.00

	Application of Satellite Data in Weather Forecasting and Large-Scale Hydrological Modelling
	6.00
	3.00
	3.00
	3.00
	3.00
	18.00

	Short-Term Climate Diagnostics and Prediction
	6.00
	3.00
	3.00
	3.00
	3.00
	18.00

	Cloud Modelling
	5.00
	4.00
	4.00
	4.00
	4.00
	21.00

	Middle Atmosphere Dynamics
	5.00
	4.00
	4.00
	4.00
	4.00
	21.00

	Aerosol and Climate Studies


	5.00
	4.00
	3.00
	3.00
	3.00
	18.00

	Total


	33.00
	21.00
	20.00
	19.00
	20.00
	113.00




9.
New programmes

9.1.
IMD
The new schemes are based on demands that have been received from various quarters in some cases as a result of the Governments policy of unifying Disaster Management and in some cases for establishing a single window system of meteorological forecasting and in some for packaging products for media dissemination involving latest technologies like DTH, Mobile phones etc.

The schemes that have been identified are as follows:

Major Thrust Area – Forecasting System

Sub Thrust Areas

7.
District Meteorological Information Centers (DMIC).

- new programme

8.  Early Warning System.




- new programme

Major Thrust Area – Climate & Environment Monitoring & Research
Sub Thrust Areas

14 Climate Research and Monitoring.



- new programme

9.1. 1   District Meteorological Information Centers (DMIC)


Meteorological information is sought at District levels which can be supplied in a customized manner with location specific value additions. This responsibility falls on the State Met centre to prepare such products and use IT infrastructure to network adequately with local Governments. The District is also a revenue unit requiring representative climatology. In addition the District level liason man shall also work as the representative to collect crop related information to hand over to the Pune Agromet office for generation of crop advisories. Thus the work at location would involve inspection of installations, collecting data and liasoning. The cost of networking IT equipment and supplementary cost of office maintenance have been projected.

Budget Requirement:
	Sub-Thrust Areas
	2007-08
	2008-09
	2009-10
	2010-11
	2011-12
	Total (Rs  in crores)

	DMIC
	19.20
	55.20
	30.00
	40.80
	58.80
	204.00


9.1.2 Early Warning System

This scheme seeks to generate capability of the IMD to generate media compatible information products at all forecasting office levels ie State Governments and Headquarter Delhi. Visuals, Audio and movies capabilities will be built up. There would be media centres at all levels mentioned above. In addition there would be digital communication based warning services that would be activated at forecast centres and would reach various levels of Disaster Management  Authority instantaneously.
Budget Requirement :

	Sub-Thrust Areas
	2007-08
	2008-09
	2009-10
	2010-11
	2011-12
	Total (Rs  in crores)

	Early warning System
	2.95
	21.66
	23.19
	23.16
	13.04
	84.00


9.1.3 Climate Research and Monitoring

During the 11th Plan, it is proposed to take up studies of various biological and chemical processes involved in global change as part of IMD contribution to the International Geosphere Biosphere Programme (IGBP).  Efforts of international scientific community will focus on the CLIVAR (climate variability) Programme as a major thrust area of the World Climate Research Programme (WCRP).  Under this programme, as part of India Climate Programme, IMD will conduct further studies on Monsoon and its Predictability, Stratospheric Processes and their role in climate and impact of anthropogenic aerosols.  These studies will lead to better understanding of physical processes involved in global and climate change which is one of the high priority area of research all over the world.

Application of neural network for prediction is increasing in recent years in various disciplines and it continues receiving attention of World Scientific Community.  Extensive research in this area will be conducted during 11th Plan to explore possibility of weather prediction by this technique.  Further studies on use of chaotic theory to forecast meteorological parameters in different time scales will also be undertaken.

Existing computer system installed in the National Data Centre (NDC),Pune would be inadequate to meet the future demands of climate data users as 5 million additional records of data are being added every year.  It is, therefore, proposed to replace the present system during 11th Plan with a new system to meet future increased requirements of various users including use for various research projects.  In order to meet regional demands more expeditiously, it would also be necessary to establish 6 small separate regional data centers. 

Department is maintaining daily meteorological data records of past 110 years on magnetic media.  This data set will be transferred on latest type of suitable media so as to manage the data in a more efficient manner consistent with the ever increasing demands of users.
It is also necessary to properly archive analysed weather charts of past 100 years which is a valuable data source for future work.  In order to increase the utility of these charts it would be useful to store them on latest type of media in easily accessible form after digitization.

A National Climate Centre is functioning in the Office of ADGM ( R ), Pune since last several years.  During the 11th Plan the activities of this center will be further expanded for monitoring climate over India and neighbourhood and for carrying out diagnostic studies.  Suitable climate model will also be adopted and operationalised after detailed studies.  With these expanded activities it will be possible to organize a climate information service for users.

Budget Requirement:

	Sub-Thrust Areas
	2007-08
	2008-09
	2009-10
	2010-11
	2011-12
	Total (Rs  in crores)

	Climate Research & Monitoring
	2.64
	12.78
	1.68
	1.86
	1.92
	20.88


9.2
NCMRWF
9.2.1: Satellite Radiance  Data Assimilation System

Activity:  R&D on schemes to assimilate satellite radiance data and subsequent use in operations
Objective: 

Assimilation of all satellite radiance data

Present Status           
: At present, a three-dimensional variational (3D-VAR) scheme is operationally implemented at NCMRWF, which utilizes satellite derived observations, apart from conventional meteorological observations also.  Data processing techniques including decoding, quality-control etc. and assimilation methods have been devised for new satellite observations (viz. METEOSAT, ERS, MSMR/SSMI, ATOVS, QuickScat) for its real-time utilization in operational global data assimilation system. Schemes have been developed in-house to assimilate data from ACARS system. Comprehensive Quality Control system is regularly updated to account for new types of satellite data. 
Proposed Activities
: As generally large uncertainties are associated with satellite derived products, all the leading NWP centers of the world are assimilating satellite measured radiances directly, instead of derived products.  

Satellite observations are continuous in time (asynoptic) and the best way of assimilating asynoptic observation is 4D-Var (space & time) technique.  4D-VAR expects basic radiance as input from various satellites. A 4-D var assimilation system with radiance data assimilation will be implemented. 

Mechanism to receive and monitor high volume satellite data in real time from national and international satellite application Centres like NOAA NESDIS, EUMETSAT SAF, CIMSS, KNMI, NASA, ISRO SAC, IMD, INCOIS etc.  shall be established. 

Budget Requirement                                                                                                                       

	
	2007-08
	2008-09
	2009-10
	2010-11
	2011-12
	Total (Rs  in crores)

	SATELLITE RADIANCE DATA ASSIMILATION SYSTEM


	  0.27
	  0.58
	  0.74
	  0.67
	0.75
	   3.01


9.2.2  Climate Modeling System

Activity 1

R&D on ’climate modeling’ part of climate change science
Objective
Major objectives of this program are to develop an ‘Earth System Climate Model’ to be used in climate time scale simulations and predictions. It will comprise of the main modules of atmosphere, ocean and land. The dynamics and physics in each of these components will be in accordance with the climate scale as the target. It should be able to simulate the 21st century climate realistically. The representation of monsoon and its teleconnections to other major climate components of the earth climate system has to be realistic in climate scale.  This model will have the capabilities to project future climate scenarios under various possible conditions and the extremes. 

Present Status           
The atmosphere and land components of the model are available. The atmospheric data assimilation system is also available. The major modeling centers of the world are moving in the direction of the concept of ‘Seamless Suite’ of models. 

Proposed Activities
A more sophisticated version of the land model with land assimilation has to be developed. A global ocean model and the corresponding assimilation system (projected separately under independent head) will also be linked to this climate model. A proper strategy of coupling the three models will be developed and tested. 

Activity 2
Ocean State Modelling, Data Assimilation & Coupled Modeling System

Objective
Main objectives of this activity are :
· To build a global ocean model/assimilation System to be coupled with the atmospheric model for dynamical  extended/seasonal prediction

· Improvement of the currently used Ocean Wave Model

Present Status          
Ocean State Forecast System has been implemented at the Centre. Ocean Wave Height Forecasts are issued to INCOIS and other agencies. A Stat-of-the-Art of Global Ocean Model is being implemented. A new Ocean-Data Assimilation System (and model) is being developed. An operational Ocean Data Assimilation system is a critical and essential component for any further progress in including ocean-atmosphere coupled interaction in the forecast process for extended and seasonal prediction. 

Proposed Activities
A new Ocean-Data Assimilation System will be available. A new coupled ocean-atmosphere model will be developed for medium range to long-
range predictions. A better ocean state analysis will be available. 
Implementation of an ocean-data assimilation system which will try to use every available information from the seas around India available from 
DOD and other international sources. As mentioned earlier this is and essential component for including two-way interaction in coupled ocean atmospheric forecasting in medium or seasonal scales. It is essential that 
in the coming 1-2 years an experimental system is put in place and in 5 years time a fully functional system is used for providing initial conditions for coupled models.

Activity 3

R&D on weather & climate monitoring

Objective
Major objectives of this program are to develop a system for Weather Monitoring: Extreme Events- Heavy Rainfall, Avalanches, Cloud bursts, Cyclones etc. Climate Monitoring:: Droughts, Floods, MJO, Aerosols, Development of Indices to monitor Extreme Climate events

Present Status           
Currently this activity is carried out as a low-key affair due to lack of adequate man power. A monitoring & prediction system for MJO is being developed. Drought monitoring over India is being carried out on weekly basis. Some studies have been initiated for large-scale transport of aerosols. 

Proposed Activities
A new monitoring system will be developed for weather & climate system. This system will be for global weather & climate. Indices will be developed for extreme climate events. Monthly report on weather & climate monitoring will be brought out. This report will be helpful in medium-range and seasonal prediction. This activity will also supplement the examination of frequency of occurrence of extreme weather and climate events.

Budget Requirement                              

	
	2007-08
	2008-09
	2009-10
	2010-11
	2011-12
	Total (Rs  in crores)

	Climate Modeling System
	  0.69
	  0.59
	  0.86
	  0.56
	0.56
	    3.26


9.2.3  Environmental Prediction System

Activity
R&D on Environmental Prediction (Aerosol, pollution, chemical)  
Objective
Main objectives of this activity is to develop an Environmental Prediction (Aerosol, pollution, chemical)  System

Present Status             The problem of trace gases and aerosols in the atmosphere is important from the point of climate change and weather forecasting. Seasonal and medium range forecasting may have to include the present day distribution of such materials in the atmosphere rather than long term averages as done now. In addition to that the forecasting and simulation of long range transport of tracers is of practical application as a weather forecast product, in relation to catastrophic release of radioactive material, volcanic dust and intercity-transport of pollutants. NCMRWF have been engaged in capacity building in this area for the last 8-9 years. During this period we have achieved the following:

(i) Built up systems for calculating air-trajectories.

(ii) In collaboration with the Max-Planck Institute for Chemistry, Germany we have studied the climatology of the global distribution of trace gases. Carried out studies on transport processes of soluble, insoluble idealized tracers and chemical tracers over India.

(iii) The interface for running the MATCH-MPIC Model with NCMRWF products was developed .

Proposed Activities:          A global chemical forecast system to simulate the ambient air-quality will be made operational in 2-3 years time. A forecast system for intercity transport and regional transport of idealized tracers will be set up. This will be run at varying spatial resolutions for use in emergency response. In the next five year period work on assimilation of observations of trace gases will be initiated.

Budget Requirement                                                                                                                 

	
	2007-08
	2008-09
	2009-10
	2010-11
	2011-12
	Total (Rs  in crores)

	Environmental Prediction System


	0.23
	0.31
	0.20
	0.20
	0.20
	1.14


9.2.4 :Computer/Network Infrastructure Upgradation

Activity

Computer/Network Infrastructure Upgradation

Objective            Major objectives are        

· Upgrade the Supercomputer depending upon the model resolution and number of members of the Ensemble Forecast system. Upgrade the desktop systems.

· Establish a dedicated communication link between NCMRWF and 107 AAS units.

· Upgrade the Internet Leased Line (ILL) depending on the requirement of reception of Satellite Radiance Data and establish Internet Private leased Line Circuit (IPLC) between NCMRWF and Satellite Data Centres in US and Europe.

· The data and NWP products are going to be so voluminous that NCMRWF will need to establish a Data warehouse that shall be much different from the Data archive. Explore the possibility of Grid Computing and Distributed Database.

· Upgradation of all associated infrastructure like UPS, Diesel Generator, Network bandwidth commensurate with the requirement of Compute Power. Establish a Gas based Captive Power Plant.

· Establish a Microwave link between NCMRWF and Mausam Bhavan for uninterrupted Data reception.

This activity involves developing and implementing practical algorithms, making the best use of the available computer resources and continuously upgrade the compute infrastructure.

Present Status   At present the Centre has Cray X1e, Param Padma, Cray SV1,Origin, Dec-Alpha,  O2 systems. Each scientist has been provided a desktop.  The Centre has LAN  and internet connectivity. Many of the systems need phasing  out/replacement/                            upgradation. 

Proposed Activities :Replacement of obsolete systems, new servers for data processing, web services, archival, storage, and periodic upgradation of supercomputing facility and network bandwidth
Budget Requirement                                                                                                                 

	
	2007-08
	2008-09
	2009-10
	2010-11
	2011-12
	Total (Rs  in crores)

	Computer/Network Infrastructure Upgradation
	80.00
	20.00
	15.00
	65.00
	8.00
	188.00


9.2.5 Infrastructure Development and other facilities

Activity
Capital expenditure in respect Infrastructure Development and Other facilities

Objective
                                                        
· Existing Office Interior Furnishing; modular furniture; partitioning   for space utilization and Seating Arrangement for optimal usage of floor area; 

· Auditorium Interior Finishing and Furnishing;  Augmentation of Conferencing and Meeting Rooms with Audio and Visual Support

· Multi-Story Building for accommodating additional Manpower and 

· BIMSTEC Centre for Weather and Climate;  Housing Complex

· Hiring of Professional Services/ Surveys and Programme Implementation Analysis/ Value Added Services

· Planning, Procurement, Commissioning and Maintenance of appropriate Supportive Infrastructure – Gas Based Captive Power Source; UPS; Air-conditioning; House Keeping; Office Automation; Internet Bandwidth for Video Conferencing and Web casting; Visualization and Visual Application Environment; Security etc.

· Capacity Building, International Exchange Programmes, Strategic Partnership, Promotion of R&D on Weather & Climate Modeling in the country

· Strengthening of Library and Documentation Facility
Budget Requirement
	
	2007-08
	2008-09
	2009-10
	2010-11
	2011-12
	Total (Rs  in crores)

	Infrastructure Development Other Facilities and capacity building
	35.60
	 19.60
	 18.60
	 6.60
	6.50
	 86.90


9.3
IITM

Climate Dynamics and Extended Range Prediction of Monsoon


The agricultural prediction and water resources of the country depend primarily on the monsoon rainfall. Therefore, prediction of monsoon climate, namely the seasonal mean rainfall over the country has major influence on the country’s economy.  While prediction of seasonal mean all Indian rainfall (AIR) about a season in advance is useful for making some policy decisions, it is not so useful for agricultural planning due to (i) large inhomogeneity of rainfall within the country and (ii) requirement of temporal evolution of rainfall within the season. Therefore, it is even more important to predict the active and break spells of the monsoon about 3-4 weeks in advance. Hence, two specific requirements for extended range prediction of monsoon are:

a) Long-range prediction (about a season in advance) of seasonal mean monsoon rainfall, and

b) Region specific prediction of active and break phase of the monsoon 3-4 weeks in advance.


Indian meteorologists in particular IITM have made significant contribution in developing empirical models for long-range prediction of seasonal mean monsoon rainfall. However, all such models have an intrinsic limitations, namely they are unable to capture the extremes. Hence, it is recognized that the logical alternative is to use dynamical climate models based on physical laws to predict the monsoon.


Over the last two decades, the conceptual basis for climate prediction has been established. Considerable research on predictability of the monsoon (including some pioneering work by IITM scientists) has established that the Indian Summer Monsoon has a limited potential predictability. It has also been recognized that ocean-atmosphere coupling is crucial in determining the potential predictability of the monsoon. Therefore, a coupled ocean-atmosphere climate model will be required for predicting the monsoon. However, all the climate models, from anywhere in the world, currently have either zero or negative skill in predicting the monsoon rainfall. The challenge is to improve the prediction system (including the model, the data assimilation and forecast strategy) to achieve the potentially achievable skill.


In India, we are still experimenting with short runs of atmospheric GCMs and we have a long way to go even to reach the level achieved elsewhere. But if we want to achieve the goal of reaching the limit on potential predictability, we have to better the efforts made elsewhere in the world. IITM proposes to develop such a system. However, it would require (i) massive investment on computing infrastructure (ii) induction of a number of experts on different aspects of coupled modeling including data assimilation and (iii) investment on training and physical infrastructure.


Regarding the prediction of active and break spells, IITM scientists have done some pioneering work on developing empirical method for such prediction. It is proposed that such a technique is made operational and dynamical method is developed for predicting these spells. It may involve also a coupled model and innovation in data assimilation and initialization. 


Improvement of forecast skill depends on improvement of models which in turn depends on improvement of parameterization of physical process in these models. Such improvement can come only through basic research in these areas. Therefore, vigorous basic research is essential for improvement of forecast skills of prediction models. One area where most models are deficient is, in the formulation of convective processes. A better understanding of interaction of small scale convective process with its large-scale environment can go a long way in improving parameterization of cumulus convection in GCMs. For this, specialized observations and modelling are required. Therefore, we are proposing a project on ‘Interaction betweencloud and environment and formation of precipitation’.


The new scheme of 11th Five Year Plan of the Institute consists of the following three components:

· Science Plan

· Infrastructure 

· Manpower

9.3.1
   Dynamical Prediction System of Seasonal Mean Monsoon Rainfall

This would involve development of coupled ocean-atmosphere-land models, testing them for simulation of the mean climate, developing data assimilation techniques and developing prediction methodologies. It would require hundreds of years of simulations with a coupled model. It would also require plenty of simulations of the individual component models (e.g. the atmosphere model, the ocean model etc). The computing infrastructure for such activity does not exist currently at IITM. It is proposed to establish a major high performance computing facility as a central facility at IITM during this plan that will cater to computing needs of this activity as well as that of other activities. In addition to the major computing infrastructure, we would require at least 15 additional senior scientists with various expertise to achieve the goal of this project.


Such a prediction system is crucial for the IMD but does not exist in the country. Once established, we shall be in a position to train some scientists and transfer the system to the IMD. Once fully developed, the system will give us a lot of spin-off science. For example, we should be able to study the role of air-sea interactions on monsoon variability and predictability. 

Objectives

· Selection and testing of atmospheric and oceanic components for integrating in to a coupled model.

· Development of a coupling strategy.

· Evaluation of simulation of global climate and monsoon climate by the coupled model and diagnosis of systematic bias.

· Development of techniques of assimilating in situ as well as remotely sensed data in to the coupled model.

· Development of a strategy for forecast of seasonal mean monsoon.

· System for experimental forecast of seasonal mean monsoon.

· Study of air-sea interaction and monsoon predictability.

9.3.2 
Extended- Range Prediction of Active and Break Spells of the Monsoon 


While the prediction of the seasonal mean is important, the predictability of the seasonal mean may be limited. Also, seasonal all India mean rainfall may not be very useful and meaningful when the mean is close to normal. This is because the regional distribution of rainfall anomalies is very inhomogeneous when the all India mean is close to normal. On the other hand, prediction of active and weak spells of the monsoon even 3 weeks in advance could be very useful for sowing, harvesting and water resources management. It is proposed to develop a system to predict the active and break spells 3-4 weeks in advance. It will involve empirical techniques as well as dynamical coupled models. The models developed under (4.1.1) will be useful for this purpose also.

Objectives

· Development of an empirical method for predicting active and break monsoon.

· Use of daily rainfall data along with other parameters.

· Study of air-sea interaction associated with monsoon intraseasonal oscillation (ISO).

· Attempt to use an atmospheric general circulation model (GCM) to predict the phases of the ISOs.

· Use of a coupled model for predicting the ISO phases.

· Data assimilation and slow manifold initialization for improving the forecasts.

9.3.3 
Science of Climate Change and Monsoon 

Some interesting work on monsoon under climate change scenarios has been done at IITM. In the next few years, we shall endeavour to establish a multi model mean and the range of uncertainty in simulation and prediction of regional monsoon rainfall under different scenarios. The coupled model platform indicated in (4.1.1) will extensively be used here. 

Objectives

· Estimation of monsoon climate under different climate change scenarios through downscaling using a regional climate model.

· Sensitivity of the estimate of monsoon climate under climate change due to downscaling of the output from a large number of global models.

· Quantification of uncertainty in estimation of monsoon climate under climate change scenarios.

· Roles of internal variability and external forcing in predicting the future monsoon climate.

9.3.4 
Urban Air pollution and Transport Modelling

Some work on air-pollution studies and chemical transport modelling exists in the Institute. It is proposed that bringing this expertise together and a comprehensive urban air pollution and transport model would be developed. For developing and testing such a modelling platform a meso-net may be developed around Pune and special intense observations during some specific periods may be planned.

Objectives

· Development of a regional model with active chemistry for many pollutants embedded in a large scale transport model.

· Collection of data of chemical components over urban locations.

· Verification of model simulation and predictions.

· Estimation of impact of some of these pollutants (e.g. ozone) on regional climate.

9.3.5
High Performance Computer and Data Centre                                          


The existing computing infrastructure at IITM is very insufficient. The proposed modelling work needs to develop a state of the art monsoon prediction system. The development process requires a computing system with about 3 teraflop number crunching capabilities with appropriately large memory and an automatic data storage and retrieval system with about 100 terabyte storage capacity. This central facility will cater to the need of all the scientists from different modelling groups.


Development of a coupled model requires quick turn around (within a few days) of

· 
Multiple multidecadal integration of a global Atmospheric General Circulation Model (AGCM) with approximate resolution of T63 and 30 levels in the vertical.
· 
Multiple multidecadal simulations with a global ocean general circulation model (OGCM), with 1º resolution in zonal direction and variable in meridional direction (about 1/3º near the equator going to about 2º  after about 20º latitude).
· 
Coupling of the AGCM and OGCM and testing the model for long integration, evaluation of the “climate drift”.
· 
Based on the nature of the “climate drift” (i), (ii), (iii) may have to repeated many times before the drift is brought under control and the simulation of the coupled climate is reasonable. 
· 
Running the data assimilation programs for many cases involving running the model and its adjoint.
· 
Multidecadal integration of the high resolution Regional Climate model corresponding to a large number of global climate state for the future climate from large number of global climate models.
· 
Chemical Transport modeling involving a global GCM and embedded in it is regional model with chemistry.
· 
Ensemble hindcast (may be 40 members) of past 30 monsoon seasons made by the coupled model, and their verification and evaluation of the hindcast skill.

· 
Running of tropical cyclone coupled model and data assimilation.

· 
Simulation and prediction of intense rainfall events using a high resolution non-hydrostatic mesoscale model.

· 
Multicentury run of the coupled model to study the dynamics and predictability of monsoon multidecadal oscillation.

9.3.6  
Observation Programmes for Studies of Interaction between Clouds and their Environment 


There is considerable expertise at IITM in making observations of various atmospheric parameters. In particular, considerable work has been done on measurement of cloud microphysical properties, aerosols, cloud electricity, etc. using variety of techniques. However, simultaneous measurements of environmental parameters (e.g. winds, temperature, humidity profile, etc.) were not available. As a result interaction between those microphysical processes and the environment could not be studied. A new focused problem for study is the interaction between cloud and environment for formation of precipitation.


In order to understand the interaction between clouds and their environment as well as to estimate cloud contribution to the redistribution of energy and water in the climate system, simultaneous measurements of cloud microphysical parameters (e.g. drop size spectrum, liquid water content, phase of hydrometeors, etc.) are required together with measurements of environmental parameters (e.g. 3-d wind). So far such measurements are being taken in isolation. It is proposed to put together a system of Doppler precipitation cum weather radar on a mobile platform. Therefore, it would be a multiparameter system. It could be a continuation of a Ka band radar at 35.35 GHz and a W-band radar 95.13 GHz with Doppler and polarization capabilities. A Mobile Doppler Precipitation cum Weather Radar will serve the purpose. An expert committee has been constituted to work out the details of the configuration required for the purpose. It would be extremely helpful in developing 3-D cloud models and its interaction with the environment.  Following activities will be taken up with the acquisition of the Mobile Doppler Precipitation cum Weather Radar.

· Make simultaneous measurements of cloud microphysical parameters and wind and precipitation rate for a complete monsoon season at Pune. Archive the data at high resolution.
· Study of formation, growth and evolution of clouds and its interaction with the environment.
· Collection of similar data on a number of sits under different weather conditions. For example a campaign may be carried out some where in Mumbai (heavy rains from shallow clouds) and in our Delhi Branch (for convective clouds in the absence of orography).
· Use of the facility during national field experiments like STORM and CTCZ. 
· Use of this data base to develop and verify cloud resolving models (CRMs).
ii)
Setting up a Lightning Location Network for Thunderstorm Dynamics and Prediction  consisting of a central processor and several sensors which are spread over an area of several hundred square kilometers is proposed to be set up. Each sensor linked with the central processor through satellite detects the occurrence of a lightning flash within about 250 kms of its location. After detecting the occurrence of lightning, each sensor transmits this information to central processor which then processes the data to compute the position, polarity and number of strokes in each lightning flash and plots it on a given map. The network can detect intra-cloud, cloud-to-ground or total number of flashes in a given area. Therefore, the network will be useful to detect, locate and map the lightning activity occurring in a storm and follow its development in real time. In addition, this information can be transmitted to different users by the central processor. The end-products of a lightning flash occurring anywhere in the area are transmitted to the users within a few seconds. Initially it is proposed to setup a network of 10-15 different sensors and a central processor. The central processor can be located at the IITM, Pune and the sensors can be installed in different areas of activity.  Since such a network will be very useful in the national projects such as Severe Thunderstorm – Regional Modeling and Observations (STORM), Continental Tropical Convergence Zone (CTCZ) etc. currently being undertaken by the Department of Science and Technology, it is proposed to set up this network in the northeast India along the Indo-Gangetic plains. Additional sensors can always be added and thus the area of investigation be expanded by adding more sensors to the network. Alternately, these sensors can be shifted to different areas. The system will be useful for the following activities:

· To study the spatial and temporal distribution of lightning through the life-history of a thunderstorm as the storm moves from one place to other.

· For the development of theoretical models for very short range forecasting (nowcasting) of the weather.

· To study the relationship of lightning activity with the development of microphysics and dynamics of the thunderstorm.

· In several areas of practical importance such as aviation, power generation, forest fires, recreation, defence and for the protection of the life and property on the ground.

iii)Simultaneous measurements of large scale environment are essential for measurements of cloud microphysics, cloud electricity and aerosols. This was not possible due to lack of availability of a dedicated GPS radiosonde. The GPS radiosonde would be useful for various national campaigns and also across the divisions. For the activities mentioned below:

· To take atmospheric soundings simultaneously with measurements of electrical parameters, cloud microphysical measurements, aerosol characteristics measurements at Pune. Pune is not a IMD regular Radiosonde station. This will fulfill a long lasting need for simultaneous soundings required for many studies.

· To take the instrument in to the field campaign and take soundings along with other measurements.

· Such simultaneous measurements are going to be valuable in resolving many issues that could not be resolved in such field campaigns.

iv)

Observational Network for Urban Air Pollution Modelling is proposed in order to develop and validate the urban air pollution model, continuous measurements from a mesonet of stations is proposed. Setting up of around 10 pollution monitoring stations within the model domain (initially within local grid of radius 50-100 km around Pune) for validation and baseline model input (NOx, CO, O3, Hydrocarbons, Suspended Particulate matters, and SO2) is proposed. 

9.3.7
Training Programme

              


For the monsoon prediction programme of the country to be successful anytime in the future, a large pool of very well trained scientists are required who will be strong in modelling, conversant with coupled models and also have good knowledge of oceanic and atmospheric observations and tropical dynamics. IITM is well placed to train such a pool of scientists for the nation. For this purpose, an extensive and sustained training programme is required. A two pronged approach is proposed.

i) In-house Training



An in-house in depth structured training is proposed to be given to the Research Fellows and young scientists (Senior Scientific Assistants and Scientists B). This will expose the young scientists to the important and exciting problems and develop the necessary analytical skills to address them. A core course programme is already planned to be started from August 2006. This will primarily be taught by IITM scientists with a few specialized invited lectures from eminent scientists. A Training Laboratory equipped with multimedia and audiovisual tools for interactive training will be developed As this training requires demonstration with computer models, visualization and analysis of large volume of data, such a facility will be very helpful.

ii)
Specialized Training


While the in-house training is essential, it would take time to create experts in different areas required to achieve the goal of focused programmes. For this, it is proposed to select a set of about 40 young scientists (B & above level) for specialized training in different areas required to achieve the goal of the focused programmes. They would be trained in international centres of excellence, if necessary, at the Institute’s cost.  Few internationally reputed scientists would also be invited at IITM to spend some time and train some scientists in specialized areas. Necessary expenses for inviting such scientists will be part of this programme.

9.3.8
Information system in Meteorology and Atmospheric Sciences 


The Library, Information and Publication Division of the IITM serves as the comprehensive Information Resource System in the field of Meteorology and Atmospheric Sciences. Scientists, academicians and students from the field of meteorology and atmospheric sciences from all the corners of the country use the library of the Institute extensively. With the increasing research activities of the Institute, growth of research community in the field of meteorology and the impact of interdisciplinary studies demand has considerably been increased for the sophisticated and instant library & information services. To cope with this situation the existing library, information and publication activities in the Institute will be enhanced and modernized with latest equipment and advanced information technology for storage, retrieval and dissemination of information. Moreover, a programme for science popularization like summer training, experts’ lectures, exposure to research activities etc. especially for students of high schools and junior colleges to attract them towards meteorology as their professional career is considered to be essential. Latest science communication equipment will be acquired and science popularization kits, models and exhibits will be prepared for such programmes. 

	New Scheme : Climate Dynamics and Extended Range Prediction of Monsoon 




	Components
	2007-08
	2008-09
	2009-10
	2010-11
	2011-12
	Total (Rs  in crores)

	Dynamical Prediction System of Seasonal Mean Monsoon Rainfall
	3.00
	05.00
	04.00
	03.50
	02.00
	17.50

	Extended- Range Prediction of Active and Break Spells of the Monsoon
	1.50
	01.00
	02.50
	02.50
	03.00
	10.50

	Science of Climate Change and Monsoon
	01.30
	02.00
	01.00
	00.90
	00.50
	05.70

	Urban Air pollution and Transport Modelling
	02.00
	02.00
	00.50
	00.50
	00.50
	05.50

	High Performance Computer


	40.00
	05.00
	05.00
	05.00
	05.00
	60.00

	Observation Programmes for Studies of Interaction between Clouds and their Environment  including acquisition of 

· Doppler Radar
· Lightning Network
· Atmospheric Pollution Prediction System

· GPS Radiosonde
	48.00
	01.00
	01.70
	01.00
	01.10
	52.80

	Training Programme  


	09.00
	0.4.00
	04.00
	04.00
	04.00
	25.00

	Information System in Meteorology and Atmospheric Sciences
	03.00
	0.2.50
	01.50
	01.50
	01.50
	10.00

	Total of  B (New Scheme)                                                                          
	107.80
	22.50
	20.20
	18.90
	17.60
	187.00


10.  Manpower  Development  

For the continuation of the existing schemes under the X Five-Year plan and implementation of the new schemes in the XI Five-Year plan, it is very essential to ensure that the centre has the critical mass of scientific and technical manpower.

At present IMD has 4300 personnel posted in scientific and technical cadres out of which 278 are under Plan Schemes and the remaining 4022 under various Non Plan Schemes. These people are engaged in different scientific activities viz. meteorological reporting, data processing, analysis, forecasting, preparation of products for specialized services, environmental monitoring, R&D, QA/QC exercises, information handling, instrument calibration, inspection, maintenance of monitoring and communication equipment etc. Most of the activities pertain to work introduced in earlier schemes and continue as mainstay operations. 

Qualifications for manpower recruitment are science graduation at the lower levels and post graduation in Physics, Mathematics and specializations such as Agronomy, Agrometeorology, Engineering graduation for Instrumentation and Hydrology etc at higher levels. Training programmes of IMD target three different levels. The first is of junior level operators who are made conversant with basics of atmospheric science and standard practices in information preprocessing for the purpose of predictions. They are made adept in handling computers and monitoring equipment. At the second level the training includes specialized subjects of meteorology and caters to the requirements of supervision of technical functions including quality control and maintenance. The advanced level includes forecasters, specialized service providers and instrumentation personnel. The subjects are taught to them in great depth and include all the frontier areas of the science. Further, there are several refresher courses for selected personnel for updating knowledge content in specific areas. Finally, with each major acquisition of a new generation of operational equipment personnel are trained in their handling and retrieval of scientific information.

In the new scenario sophisticated instrumentation will be introduced in a big way, data retrieval from satellites and Radars will become very significant and complex numerical modeling at global and regional levels will be used as principal methods. Thus, adequate manpower will have to be provided to handle these responsibilities. At present absence of recruitments over an extended period of time for various reasons has depleted the number of available manpower and has increased the average age thereby constraining capacity building. Thus new schemes in the XI th plan must be complemented with appropriate staff requirements and a strengthening of the training programmes. The additional manpower requirements have been worked out after consideration of redeployment of existing staff with rehabilitative training.

IMD will continue to provide and maintain training facilities for imparting the necessary professional skills to its personnel to enable them to meet the growing demands of work. Computer-aided Learning would be introduced in a big way. The Central Training Institute at Pune will be supported by specialized training centres at Pune, New Delhi and regional centres. Capsule courses offered on the network will give opportunities to individuals to improve their knowledge in various disciplines through self study.

In a supportive role the IMD presently has 2073 personnel who are engaged in administration, documentation, housekeeping and manual help. With a large number of functional units at different locations the proportion of support staff to the scientific and technical ones is bound to be some what high. However, in the incremental projection for the XI Plan the number has been kept to a small figure of ~8% because the new schemes would generally be supported by existing establishments. 

While the manpower requirement of IMD has been stipulated above, NCMRWF  and IITM have requirements specific to their mandate and changing requirements in their respective fields viz. computational/ numerical modeling/ services and research in tropical meteorology/ climate dynamics/ monsoon prediction respectively.    
The overall position of manpower is provided below:
	
	Scientific and Technical Posts
	Admin Posts and

Support staff
	TOTAL



	
	Current  Manpower  
	XI plan

Reqmt-

Additional
	Current  Manpower  
	XI plan

Reqmt-

Additional
	Current  Manpower  
	XI plan

Reqmt-

Additional

	IMD
	4300
	1243
	2073
	103
	6373
	1346

	NCMRWF
	34
	219
	10
	25
	44
	244

	IITM
	163
	  56
	84
	--
	247
	56

	Total
	4497 
	1518
	2167
	128
	6664
	1646


11.
Scheme wise Outlays For XI Five Year Plan

 (2007-2012)

1.    CONTINUING SCHEME

A. IMD

  
Rs. In crores

	S.No.
	Schemes -


	2007-08
	2008-09
	2009-10
	2010-11
	2011-12
	Total  

	1. 
	Space Meteorology
	30.84
	33.24
	32.50
	12.00
	18.00
	126.58

	2. 
	Meteorological Telecommunication
	46.10
	33.40
	19.15
	3.73
	1.21
	103.59

	3. 
	Observational Organization
	101.22
	130.80
	136.80
	129.60
	66.00
	564.42

	4. 
	Instrumentation Development                   
	41.10
	93.03
	84.80
	25.16
	22.88
	266.97

	5. 
	Cyclone Warning & Research                        
	42.40
	147.66
	205.62
	243.88
	476.40
	1115.96

	6. 
	Forecasting Services                                               
	65.00
	25.00
	5.00
	5.00
	5.00
	105.00

	7. 
	Aviation Services                                                 


	92.80
	115.80
	172.20
	255.80
	301.00
	937.60

	8. 
	Hydro Met Services                                                   


	10.36
	16.88
	9.89
	1.81
	1.55
	40.49

	9. 
	Agro Met Services


	141.40
	144.92
	148.54
	152.15
	10.58
	597.59

	10. 
	Seismology                                                           
	17.46
	26.86
	16.78
	18.15
	8.98
	88.23

	11. 
	Seismic Hazard & Risk Evaluation
	55.62
	57.30
	53.10
	61.14
	71.22
	298.38

	12. 
	Environmental Studies                                     
	6.00
	4.20
	3.60
	3.60
	4.80
	22.20

	13. 
	Research                   
	6.94
	3.10
	2.21
	2.21
	2.21
	16.67

	14. 
	Human Resource Development
	8.04
	9.84
	8.04
	6.24
	5.04
	37.20

	15. 
	National / International Cooperation
	0.40
	0.40
	0.40
	0.40
	0.40
	2.00

	16. 
	Infrastructural Development and maintenance 
	74.72
	109.98
	107.93
	102.74
	28.72
	424.09

	
	Sub-Total I-A
	740.40
	952.41
	1006.56
	1023.61
	1023.99
	4746.97


B. NCMRWF

Rs. In crores

	S.No.
	Schemes -


	2007-08
	2008-09
	2009-10
	2010-11
	2011-12
	Total  

	1
	Global Modeling  and Data Assimilation System
	  1.38
	  2.02
	  2.81
	  2.91
	2.69
	11.81

	2
	Meso-scale Modeling and Data Assimilation System
	  0.50
	  0.82
	  1.10
	  1.26
	1.26
	   4.94

	3
	Extended/Seasonal Prediction System
	  0.27
	  0.58
	  0.70
	  0.67
	0.52
	   2.74

	4
	Computer/Network Infrastructure and Services
	  0.50
	  0.74
	  1.02
	  1.10
	1.10
	   4.46

	5.
	Agromet advisory
	  1.08
	  1.23
	  1.76
	  1.77
	  1.62
	 7.46

	5.1
	Agro-met Advisory System 
	
	
	
	
	
	

	5.2
	District-level Agro-meteorological Advisory Service
	  0.54
	  0.82
	  0.98
	  0.98
	  0.68
	 4.00

	5.3
	Grant-in-Aid for AMFUs
	12.70
	12.70
	12.70
	12.70
	12.70
	63.50

	
	Sub-Total I-B
	16.97
	18.91
	21.07
	21.39
	20.57
	98.91


C. IITM

	A. Continuing Schemes : Research in Tropical Meteorology



	1
	Asian Monsoon Variability and Predictability
	06.00
	03.00
	03.00
	02.00
	02.00
	17.00

	2
	Application of Satellite Data in Weather Fore-casting and Large-Scale Hydrological Modelling
	06.00
	03.00
	03.00
	03.00
	03.00
	18.00

	3
	Short-Term Climate Diagnostics and Prediction
	06.00
	03.00
	03.00
	03.00
	03.00
	18.00

	4
	Cloud Modelling
	05.00
	04.00
	04.00
	04.00
	04.00
	21.00

	5
	Middle Atmosphere Dynamics
	05.00
	04.00
	04.00
	04.00
	04.00
	21.00

	6
	Aerosol and Climate Studies
	05.00
	04.00
	03.00
	03.00
	03.00
	18.00

	
	Sub-Total  I-C  
	33.00
	21.00
	20.00
	19.00
	20.00
	113.00


2. NEW SCHEMES PROPOSED DURING XI PLAN

A.
IMD

	S.No.
	Schemes -


	2007-08
	2008-09
	2009-10
	2010-11
	2011-12
	Total  

	1
	District Meteorological Information Centres                                                                         


	19.20
	55.20
	30.00
	40.80
	58.80
	204.00

	2
	Early Warning System


	2.95
	21.66
	23.19
	23.16
	13.04
	84.00

	3
	Climate Research & Monitoring
  
	2.64
	12.78
	1.68
	1.86
	1.92
	20.88

	
	Sub Total 2-A
	24.79
	89.64
	54.87
	65.82
	73.76
	308.88


B. NCMRWF

	1
	Satellite Radiance Data Assimilation
	  0.27
	  0.58
	  0.74
	  0.67
	0.75
	    3.01

	2
	Climate Modeling System
	  0.69
	  0.59
	  0.86
	  0.56
	0.56
	    3.26

	3
	Environmental Prediction System
	  0.23
	  0.31
	  0.20
	  0.20
	0.20
	    1.14

	4
	Computer/Network Infrastructure Upgradation
	80.00
	20.00
	15.00
	65.00
	8.00
	188.00

	5
	Infrastructure Development Other Facilities and capacity building
	35.60
	 19.60
	 18.60
	 6.60
	6.50
	 86.90

	
	 Sub Total 2-B
	116.79
	41.08
	 35.4
	73.03
	16.01
	282.31



C. IITM

	New Scheme : Climate Dynamics and Extended Range Prediction of Monsoon 




	1
	Dynamical Prediction System of Seasonal Mean Monsoon Rainfall
	3.00
	05.00
	04.00
	03.50
	02.00
	17.50

	2
	Extended- Range Prediction of Active and Break Spells of the Monsoon
	1.50
	01.00
	02.50
	02.50
	03.00
	10.50

	3
	Science of Climate Change and Monsoon
	01.30
	02.00
	01.00
	00.90
	00.50
	05.70

	4
	Urban Air pollution and Transport Modelling
	02.00
	02.00
	00.50
	00.50
	00.50
	05.50

	5
	High Performance Computer


	40.00
	05.00
	05.00
	05.00
	05.00
	60.00

	6
	Observation Programmes for Studies of Interaction between Clouds and their Environment  including acquisition of 

· Doppler Radar
· Lightning Network
· Atmospheric Pollution Prediction System

· GPS Radiosonde
	48.00
	01.00
	01.70
	01.00
	01.10
	52.80

	7
	Training Programme  


	9.00
	4.00
	4.00
	4.00
	4.00
	25.00

	8
	Information System in Meteorology and Atmospheric Sciences
	3.00
	2.50
	1.50
	1.50
	1.50
	10.00

	
	Sub-Total 2 -C
	107.80
	22.50
	20.20
	18.90
	17.60
	 187.00


Yearwise Summary of Financial Requirement 

Rs. In crores

	 
	Scheme


	2007-08
	2008-09
	2009-10
	2010-11
	2011-12
	Total  

	Atmospheric Sciences-IMD
	Continuing  
	740.40
	952.41
	1006.56
	1023.61
	1023.99
	4746.97

	
	New 
	24.79
	89.64
	54.87
	65.82
	73.76
	308.88

	
	 Total (IMD)
	765.19
	1042.05
	1061.43
	1089.43
	1097.75
	5055.85

	Atmospheric Sciences-NCMRWF


	Continuing  
	16.97
	18.91
	21.07
	21.39
	20.57
	98.91

	
	New  
	116.79
	41.08
	 35.4
	73.03
	16.01
	282.31


	
	  Total (NCMRWF)
	133.76
	59.99
	56.47
	94.42
	36.58
	381.22

	Atmospheric Sciences-IITM
	Continuing  
	33.00
	21.00
	20.00
	19.00
	20.00
	113.00

	
	New  
	107.80
	22.50
	20.20
	18.90
	17.60
	 187.00

	
	Total (IITM)
	140.80
	43.50
	40.20
	37.90
	37.60
	  300.00

	
	Grand Total  
	1039.75 
	1145.54 
	1158.1
	1221.75
	1171.93
	5737.07
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