Minutes of the ISRO-NASA-NOAA Joint Science Team Meeting

The meeting was held from March 10-12, 2010 at Space Applications Centre, Ahmedabad. Total 7 scientists from NASA, 7 from NOAA and more than 40 Scientists from ISRO attended the meeting (List of participants attached as Annexure). 

The meeting started with the welcome address by Director SAC. He also   briefly presented the activities being carried out in ISRO.

Stan Wilson, NOAA made remarks on the objectives of the meeting and discussed the status of Actions Items of Telecon meetings. He also emphasised that this first meeting should be helpful in enhancing the interaction at working level experts for collaboration. At this point, Ernesto remarked that collaboration will be useful for data collection for the purpose of cross-calibration. 

Bryan Franz, NASA also made brief remarks on the expectations of the meeting outcome. 

After the introduction of the members, Sri  Suresh, Mission Director, Oceansat-2, made presentation on objectives of the mission, its payloads, orbit details and ground segment overview. Bryan inquired about the change in angle for OCM and system switch on for all the time. It was clarified that in present setup, provision for tilt of OCM sensor is orbit specific and cannot be changed during the imaging duration of one switch on of a given orbit . OCM payload operation is planned only for sunlit portion of the orbit and will not  be in switch-on mode during the entire orbit.  

After this general overview, presentations were made on OCM and Scatterometer payloads by SS Sarkar and Jogeshwar Rao respectively.  Data products of these payloads were also discussed in detail by Nitant Dube and Santanu Chowdhury. Santanu discussed that for Oceansat-2 processing, it is primarily the data driven approach unlike pre-computed X-factor table used in QuikSCAT.

Bryan presented the experiences of NASA on various Ocean colour missions. His main emphasis was on end to end shop for ocean colour starting from calibration to data processing, display systems and users support. He also briefly discussed the future colour missions.

Prakash Chauhan briefly discussed the geophysical parameters being made available and retrieval algorithms developed for OCM-2. He also discussed the common interests for the collaborations.

NOAA’s Ocean and coastal ecosystem interests were discussed by Phillip Keegestra. He presented the timely access of satellite data towards NOAA’s CoastWatch mission to manage coastal resources and predict harmful algal blooms. 

B S Gohil presented the general Wind retrieval approach. He also emphasized the advantages of new NSD algorithm developed in-house over the existing MLE algorithm. Discussions were held on   the need of instrument specific GMF and it was clarified that for universal GMF, one must have well calibrated measurements and all instruments should be able to provide same backscattering coefficient values for the full range, which can be a futuristic scenario. 

Ernesto Rodriguez discussed the importance of calibration of Scatterometer data with other available missions for the climate studies. He also discussed the difference in the model functions developed for QuikSCAT and ASCAT based of neutral winds and 10m winds conditions. Ernesto also discussed the differences in the retrieved winds due to the various retrieval schemes being used at different centres; however, he emphasized that this has led to improvements in the data products. He also discussed that QuikSCAT data will again be reprocessed and we can plan for cross calibration with ISRO for climate studies. 

Zorana Jelenek made presentation on the impact of QuikSCAT winds on the marine analysis and prediction services of NOAA. She also discussed the importance of field experiments for high wind cases and their utilization for the GMF development.

Senthil Kumar discussed the Quality Assessment procedures being applied for all type of data products. He also presented the procedures to check the geometric and radiometric qualities of the data products. Senthil Kumar also stated that the location accuracy of OCM-2 is less than 1 Km, well below the mission specifications of 3 km.

M.Ambarisha Babu, ISRO HQ, made detailed presentation on the various options for the data dissemination in NRT mode.   He initially discussed the requirements of Eumetsat, NASA, NOAA and ISRO for Oceansat-2 data. He clearly mentioned that for 180 minutes TAT, Svalbard station is the only option. He also discussed the backup plan in case of Shadnagar-Svalbard communication link failure. Ambarisha Babu also discussed that with Fairbanks, Wallops and Shadnagar stations, without Svalbard station, daily 2 orbits will not be visible over these stations and for these orbits data availability will be around 6 hours. He also informed that Svalbard station would support 10 passes/day up to end of November 2010 and then onwards 14-15 orbits/day will be supported by Svalbard. After lot of discussions, it was decided that availability of these stations will be worked out and can be discussed again at the end of the meeting. 

On March 11, 2010, in the breakout sessions, detailed discussions were held separately on OCM and Scatterometer.

OCM-2 splinter group had discussions through 15 presentations and interactive interventions covering Prelaunch calibration, level-0 to level-2 processing, DQE, vicarious calibration using Kavaratti/ MOBY buoy data, in-situ measurements for ocean color validation, lunar calibration, OCM-2 data processing through SeaDAS and applications of color data.

Dr. Navalgund, Director, SAC initiated the discussions and stressed upon the need to have more interactive discussions and generate actions for way forward.  

Dr Murali & Samir Pal, ISRO presented prelaunch characteristics of spectral and radiometric behavior of OCM-2. An updated version of spectral response functions for OCM-2 is now available and this will be shared with NASA/NOAA colleagues.  

Samir Pal, ISRO and Gerhard Meister, NASA lead the discussions on radiometric calibration process and issues related to polarization sensitivity of OCM payload discussed. G Meister, NASA shared the NASA experience on spectral and radiometric calibration of MODIS/SeaWiFS.  

Nitant Dube, ISRO presented the level-0 to level-1 data processing scheme for OCM-2. There were specific suggestions to improve the level-1b meta-data format. Bryan Franz, NASA suggested to include units of physical variables, information on control points etc. 

Prakash, ISRO presented on the level-2 processing of OCM-2 data including atmospheric correction and bio-optical algorithms used. Bryan suggested sharing the bio-optical data collected in the Arabian Sea and Bay of Bengal with SeaBASS archive. Bryan also suggested to jointly working on TSM algorithm development with ISRO. 

Bryan Franz, NASA presented on NASA’s approach for level-2 processing of ocean colour data. He described the sensor independent L2-Gen processor and other corrections applied for level-2 processing. Prakash asked about the NO2 correction and its spectral sensitivity and ancillary data requirements. Prakash and Bryan interact further for NO2 correction for OCM-2 data. Bryan to provide information on stray light characterisation for SeaWIFS.  

Senthil Kumar, NRSC/ISRO presented the DQE analysis results for OCM-2. He also presented comparative analysis of spectral response functions for OCM1&2, SeaWiFS and MODIS Aqua/Terra. 

A K Shukla, ISRO presented the status of Cal/Val site at Kavaratti and results of the initial vicarious calibration analysis for OCM-2.  His analysis showed an overestimation of OCM-2 detected TOA radiance. ISRO, NASA and NOAA colleagues to carry out a more rigorous joint analysis for vicarious calibration of OCM-2 using MOBY and Kavaratti buoy data by end June, 2010. 

Stan Hooker, NASA presented on the advance technologies for in-situ data collection for bio-optical measurements. C-OPS and OSPREY system were described by him. He also emphasized on the revision of ocean optics protocols, unified processing of optical profiles using PROSIT software.  

Stan Hooker and AK Shukla to individually establish radiometric traceability to a common scale of spectral irradiance and then to exchange the results and determine if a joint calibration is required.  

Mini Raman, ISRO made a presentation on the Indian experiences  for in-situ data collection on AOP, IOP, biogeochemical, atmospheric, physico-chemical properties of seawater.   

Nivedita Sanwlani, ISRO made a presentation on SeaWIFS/OCM-2 TOA data comparison for two different dates and matchup analysis with field measurements. Some questions were raised about the methodology and timing of both the data acquisition. 

Bryan Franz, NASA presented NASA experiences on vicarious calibration using MOBY data. He explained the NIR radiance based methodology for vicarious calibration. He informed that at least 40-50 measurements of MOBY data are sufficient to stabilize the vicarious gain coefficients.     

Bryan also presented initial results of SeaDAS based level-2 processing of OCM-2 data. He shared his initial impression on data quality e.g. striping of initial bands, a very low 740/865 nm ratio. He also suggested improving the level-1b Meta data format. Nitant and Bryan to interact with each other and resolve the issues related to formats and software sharing mechanism. Bryan to provide source code for OCM-2 data processing by end April, 2010. Bryan Franz, NASA also raised the issue of getting access to OCM-1 data acquired over the US waters. At present an archive of OCM-1 data is available at University of Texas. Dr Navalgund suggested involving ANTRIX Corporation for further follow up of  this matter with US Universities.  

Gerald Meister, NASA shared the experiences of NASA for Lunar calibration of SeaWIFS/MODIS. He suggested that OCM-2 lunar cal cycle should be at least once in a month instead of once in six months. B. Kartikeyan of ISRO also presented ISRO plans for lunar calibration. He requested NASA to provide the ROLO data and models for lunar irradiance. 

Phil Keegstra, NOAA presented on the NOAAs experiences on applications of ocean colour data. He presented examples of HAB detection, water quality, habitat characterization etc. He suggested including 709 nm band in future ocean colour missions of ISRO.  

General discussions were held for making the OCM data accessible to JST members. It is suggested that at least one month of global data will be made available by NRSC, Hyderabad via a ftp server.     

Bryan Franz, NASA inquired about the direct broadcast data availability over US coastal waters. NASA/NOAA to provide information about the existing ground stations to ISRO for software solutions to be provided by ISRO. NASA/NOAA also will provide information about any new ground station requirement and ISRO will provide technical information on hardware requirements.  

Dr. Navalgund inquired about NASA/NOAAs plan for any in-situ validation campaign which can support the OCM-2 validation in international waters. Stan Hooker informed that in mid June-July 2010 a cruise is planned off west coast of US. Prakash and Stan Hooker to coordinate and Stan Hooker to proved information of cruise dates and track so that LAC recording can be planned by end April 2010.    

Bryan Franz, NASA asked about future OCM-3 sensor.  Dr. Navalgund suggested exploring possibility of an international cooperation for developing future ocean colour sensor. NASA, NOAA and ISRO will continue to pursue the cooperation in ocean colour sensor development. ISRO will nominate a person to participate in IOCCG WORKING Group on definition of new ocean colour sensors. 

Scatterometer splinter group had interactions with 13 presentations covering Data Processing, Retrieval algorithms, Calibration and Validation related Issues, Data Flagging and future plans. 

Kirti Padia made detailed presentation on the Scatterometer data processing from L0-L1B-L2A-L2B-L3. He also explained the slice based Land Sea flagging scheme. Discussions were held on the possibility of data processing for resolution better than 50 km. During the discussions Ernesto suggested that for QuikSCAT processing, footprint based flagging is used. NASA will also provide the literature on land-sea flagging (Action: Dunbar & Ernesto). 

Dunbar provided an overview of the QuikSCAT data processing. On discussions over sea ice flagging, he told that originally, the sea ice mask was generated from National Ice Center sea ice boundaries, whereas later on, the sea ice mask has been generated using L1B σ0 data by the David Long’s sea ice algorithm. Dunbar also discussed that σ0 for L2B data is corrected for water vapor, whereas σ0 of L2A is provided without correction. The σ0 correction is contained in the QuikSCAT L2A products as an additional field. This correction is based on climatological monthly data provided by Frank Wentz (Remote Sensing Systems). Gohil made presentation on the new NSD algorithm developed for the retrieval of winds. He explained the advantages of the NSD over the existing MLE algorithm. For ambiguity removal, the new algorithm DISCS was also presented with examples of QuikSCAT data. Ernesto, NASA appreciated the development of DISCS approach. He also inquired to have one to one comparison of MLE & NSD based solutions for which Gohil clarified that in majority of the cases both are more or less similar.

Dunbar, NASA made presentation on wind retrieval and ambiguity retrieval algorithms developed for QuikSCAT. He also discussed the mutli-pass filtering process to avoid rain and coastal contaminated cells. Discussions were also held on inter-sensor calibration and development of GMF.  NASA also agreed to provide the Level 1 processing document.

Gohil presented the Oceansat-2 Scatterometer data variability with respect to relative ECMWF wind directions at different wind speeds including variation of mean and standard deviation of σ0. He inquired about the procedures used for developing GMF for low intensity winds based on the presentation of the results of analysis of limited QuikSCAT data vis-a-vis QuikSCAT GMF.

Ernesto expressed the need for observations under high wind conditions for GMF development, however, for low wind conditions; thermal noise modelling of the data is required. Discussions held on the exchange of documents on thermal modelling.  
Raj Kumar made presentation on Cal/Val status and plan for Oceansat-2. He also presented the results of QuikSCAT and Oceansat-2 over invariant targets. SS Rana inquired about the   absolute calibration using CGS. Ernesto replied that it was only used for antenna pattern verification. He also suggested cross-calibration of QuikSCAT and Oceansat-2 over common period. 

Zorana presented the preliminary results of Oceansat-2 data status. It was observed that there were accumulations of data points at the edges of the swath, and the reasons for which were explained by Santanu. She also observed using GDAS winds that Horizontal polarization data has more linearity as compared to Vertical polarization and also picking up the variability. She also presented the preliminary results of underflight data corresponding to Oceansat-2 passes for high wind conditions useful for developing GMF. 

Sandip Oza presented the procedures adopted for sea ice flagging for Oceansat-2 data which is based on spatio-temporal variability of backscatter. He informed that presently maximum extent climatology is being used and will be changed as soon as Level-3S data is available. Hacker inquired whether OS-2 data is used for such purpose and Sandip clarified that presently it was not possible. 

Dunbar presented the MUDH procedures used for rainflagging of QuikSCAT data. He explained that the database of wind and normalized objective function has been used for such purpose.

Gohil presented the procedures developed for rain flagging of Scatterometer data making use of statistics of rainfree Rank-1 solutions and the cost function.  

Ernesto made presentation on the plan for cross-calibration of OS-2 data using QuikSCAT at OS-2 geometry. The discussions were held on any possibility of changing the QuikSCAT orbit as suggested by ISRO to reduce time differences between OS-2 QuikSCAT. 

Gohil presented sample results related to retrieval of high resolution winds from QuikSCAT Level-2A and 2B data. 

Hacker made presentation on the future steps to be undertaken for joint activities, which could be   in three phases namely immediate, commissioning and operational phase.

On March 12, 2010 initially splinter group wrap-up meetings were held to finalise the action items. Later on in the concluding session,  the summary of splinter group discussions were presented. 
The following is the summary and action items of Scatterometer Splinter group discussions. 
It was discussed and decided that the total Scatterometer related joint activities can be planned in 3 phases. 

For  the first phase of cross calibration and algorithm tuning,  following action items were generated:

· NASA and NOAA to provide preliminary feedback to ISRO on OS-2 Scatterometer data.  (Action: NASA/NOAA by March 29
)
·  OceanSat-2 data for common period (Nov 1st – Nov 23th 2009) to be made available including L1B, L2A, L2B data, pointing data, ephemeris data, antenna pattern, noise model document. (Action: ISRO  by April 15
) 
· NASA to provide the literature on land-sea flagging. (Action: Dunbar & Ernesto (closed at meeting))
· JPL repoints QuikSCAT and acquires calibration data and share among all agencies. (Action: NASA)

· Technical interface meeting at a location to be determined to discuss the results. (OVWST – 1 week)

· Bi-weekly tele-conference for addressing all technical issues.
· QuikSCAT data for joint period (L1B, L2A, L2B), L2A in slice mode (12.5 km). (Action: NASA  by March 29) 
· Re-analyzed OS 2 L2B using NSCAT-2 GMF (and lower level data products) using JPL processing software. (Action: NASA by May 30)
· QuikSCAT orbit related document to study the feasibility for orbit maneuvering for cross-calibration. (Action: NASA-completed)  
· QuikSCAT Processing Document for L0-L1-L2 , document on thermal noise modelling, flagging and calibration scheme and high resolution technique. (Action: NASA  by March 29 (partially closed))
It was also discussed that in Phase 2 (Validation Phase), following milestones should be targeted.
· OceanSat-2 data for the duration of the mission including the validation period made available in a timely fashion consistent with the technical meeting schedule. (Action: ISRO) 
· QuikSCAT data is collected in calibration mode and made available to ISRO and NOAA as it is collected and processed. (Action: NASA)
· NOAA delivers to ISRO and JPL aircraft data collected for high wind speed data flights, OceanSat-2 underflights for GMF. (Action: NOAA)
· Exchange of data from any other sources collected for this project.

· Identify locations for Cross calibration of QuikSCAT & OS-2. (Action: ISRO, NASA, NOAA)

· Second technical interchange meeting probably 2 months after OVWST meeting.

· Third technical interchange meeting 1 month prior to final Cal/Val meeting.

· Cal/Val meeting can be planned after 6-9 months.

It was also proposed that after Cal/Val meeting, details and schedules will be discussed for continuous data processing and reprocessing to generate OceanSat-2 data compatible with QuikSCAT climate data set at compatible resolutions, flagging, and performance. NASA and NOAA expressed the need for independent data processing of OS-2 data to meet their specific agency requirements (following the QuikSCAT distributed processing model currently implemented with ECMWF, KNMI, NOAA). 
 The following is the summary of OCM Splinter group discussions and action items.  

· An updated version of OCM-2 spectral response functions to be provided to NASA/NOAA colleagues. (Action: Prakash by March 31)

· Exchange of documents on pre-launch Spectral, polarisation and Radiometric characterisation on OCM-2/ MODIS/SeaWiFs. (Action: SS Sarkar, ISRO & Gerhard Meister, NASA by March 31)
· Nitant and Bryan to interact with each other to improve the level-1b meta-data format. (Action: Nitant & Bryan by April)

· Nitant to generate and provide OCM-2 level-2 data and put on ftp server.  (Action: Nitant & Bryan by March 20) 

· Prakash to take action for bio-optical data submission to SeaBaSS by April 15, 2010 and Bryan & Prakash to interact further  on TSM algorithm development. Phil Keegstra, NOAA to explore possibility of using the ESA’s approach of cloud masking using point spread function. (Action: Prakash, Bryan & Keegestra)

· To carry out a more rigorous joint analysis for vicarious calibration of OCM-2 using MOBY and Kavaratti buoy data. (Action: ISRO, NASA and NOAA by June).

·  NASA to provide documentation on vicarious calibration approach. NOAA to provide information on point of contacts for MOBY activities. Stan Hooker to establish a contact between AK Shukla, ISRO and the focal points for Aeronet-OC and Boussole Cal sites. (Action: AK Shukla, Bryan & Phill Keigstra)
· ISRO to provide bio-optical profiles and ancillary information outside of EEZ for processing by PROSIT software by end April, 2010. Stan Hooker to provide information to AK Shukla on development of coastal cal/val sites in the Indian region by end April, 2010. (Action: Prakash & Stan Hooker)
· Bryan to provide source code for OCM-2 data processing. (Action: Nitant & Bryan by April 2010)

· ANTRIX corporation should talk to US Universities for getting NASA/NOAA access to OCM-1 data acquired over the US waters. (Action: Ambarisha Babu to follow up  with ANTRIX  by end April, 2010)

· Kartikeyan to send a mail to Jim Butler with a copy to Gerald Meister to request ROLO model for OCM-2. (Action: Kartikeyan)
· Identify the one month of global data OCM GAC data and made it available to JST members. (Action:  A S Manjunath by April 15, 2010)

· Direct broadcast data availability over US coastal waters. NASA/NOAA to provide information about the existing ground stations to ISRO for software solutions to be provided by ISRO. NASA/NOAA also will provide information about any new ground station requirement. (Action: Keegstra and Bryan) 

· NASA/NOAA should share the Fairbanks station configuration with ISRO. ISRO will study the S/W and H/W requirements for downloading Scatterometer data over Fairbanks.    (Action: NASA/NOAA & Ambarisha Babu, Anil Kumar) 

· Prakash and Stan Hooker to coordinate and Stan Hooker to provide the information of cruise dates and track for validation for LAC recording by end April 2010. (Action: Hooker and Prakash)    

· ISRO will nominate a person to participate in IOCCG WORKING Group on definition of new ocean colour sensors. 

· NASA/NOAA   to find out possibility of using hyperspectral airborne under flights for vicarious calibration of OCM-2 payload. (Action: Hooker)   
· It was also agreed upon that NASA, NOAA and ISRO will pursue discussions on joint development of an ocean 
colour mission. 
It was also decided that both ISRO & NASA/NOAA will have access to data used in analysis and agreed results shall only be made public.

Discussions were also held on the data dissemination in NRT mode. Ambarisha Babu informed that best option is Svalbard, however till end of this year, Svalbard is not guaranteed. For 180 minutes TAT, Wallops, Fairbanks and Svalbard links have to be confirmed. Dr Navalgund suggested reconfirming the availability to go further. It was also discussed to explore the feasibility of sharing  the finances towards Svalbard support cost and establishing communication link between Svalbard and Shadnagar by NASA/NOAA.  NOAA has to identify contact point to have interaction (Action: NASA/NOAA and Ambarisha Babu).  
The meeting ended with the concluding remarks by Dr Navalgund. He was satisfied that the goals of the meeting have been accomplished and suggested that action items generated have to be circulated among the members and after consultations, further actions will be decided. Stan Wilson appreciated the efforts of ISRO and looking forward for intense collaboration in future. 
�NASA and NOAA have expedited their schedule to provide ISRO with the prompt response they requested.


�In order to have a useful technical interchange meeting before the OVWST meeting, an earlier (possibly phased) data delivery schedule is required.





