The Earth Observing System’s (EOS) Investigator Working Group Meeting was held from November 18-20, 2002, at the Turf Valley Resort and Conference Center in Ellicott City, MD. The meeting drew over 100 (??) participants. The purpose of the meeting is to give an overview on the status of EOS activities. 

DAY ONE: November 18, 2002

Session I: ESE/EOS Mission Status—Michael King, EOS Senior Project Scientist, Chair
Ghassem Asrar (Associate Administrator for Earth Sciences at NASA Headquarters, Code Y) was the first speaker of the morning. He delivered a talk on the status of the Earth Science Enterprise (ESE) and the EOS. Asrar looked at three main areas: progress, promise, and vision.  

Asrar started by looking back on the evolution of Earth Science at NASA. The agency began with a roughly two decade period from the 1960s to 1980s where the focus was on exploring what was possible in terms of Earth Science research by utilizing the vantage point of space. In the last decade, ESE was focused on conducting a broad survey of the Earth System. The first EO launches occurred toward the end of this period. ESE is now moving beyond this survey and plans to be much more focused on using Earth Science data to meet societal needs over the next couple decades. Beyond this timeframe, it is hoped that Earth Science data and more specifically, the vantage point of space, will be widely distributed and used to answer questions of critical importance to society.   

By the end of 2004, more than twenty Earth observing satellites will be in orbit. Asrar reported that this number exceeds the expectations of all who have been affiliated with the NASA Earth Science program during the last few decades. Recent launches are generating exciting new data and understanding of the health of our planet. More missions are planned beyond the 2004 timeframe.  In addition, the intriguing new concept of multiple spacecraft flying in tight formation – so called satellite constellations – should lead to even more comprehensive observation and understanding of our home planet. He also stressed the importance of information systems.  These systems should provide end-to-end management from satellite to users. It is noteworthy that many who are making use of Earth Science data and information today are not what one would consider “traditional” Earth Science users; it is critical that these users, as well as “traditional” ones, be supported. 

Asrar reminded the audience of the NASA vision and mission statement. The important phrase to stress is, “As only NASA can.”  There are certain missions, which NASA is uniquely suited to fulfill. He also stressed the fundamental importance of education.  This is a key part of the mission statement. ESE cannot fulfill its goals if it does not prepare the next generation of scientists and engineers. ESE seeks to understand how our planet is changing and what consequences these changes will have on human civilization.  They do this by examining the Earth as a system of atmosphere, oceans, continents, and life, which interact with each other to create weather, climate and natural hazards. He touched on the science priorities as articulated in the research plan.  The focus is on five main areas of the Earth system: variability, forcing, response, consequences and prediction. Each area has a set of overarching questions associated with it. 

Asrar spoke about modeling and the key role these efforts play in fulfilling the ESE objectives.  It is an important way to provide economic and policy relevant information to decision makers. Meeting societal needs is the major challenge ahead. Transforming data into useful information for society is vital. Implicit here again is investment in education to have people trained to do these important tasks.

Another key issue is that of missions transitioning from a research focus to an operational focus. As of yet, no formal process has been developed to govern the path taken from research to operations. The discussions that are ongoing concerning the development of the National Polar-orbiting Operational Environmental Satellite System (NPOESS) is an example of where these types of issues are beginning to be discussed. There are important partnerships with international organizations and with other federal agencies (such as with the forthcoming Ocean Surface Topography mission) and with private industry (such as with the planned Landsat Data Continuity Mission – LDCM). 

Next, Asrar touched briefly on the twelve National Applications that have been identified. (These are covered in greater detail in Session V.)  These are partnerships with other domestic partners. NASA’s role is more to serve as a consultant and provide data and expertise. Once the application proves viable, the partner agencies take control and institutionalize them. NASA continues to provide data, information, and technical support. 

Asrar ended his talk by looking toward the future.  He stressed the continued importance of domestic, international and commercial partnerships. He talked about advanced sensor capabilities including sensor webs, touched on the concept of information syntheses, and spoke some about the importance of improved access to knowledge becoming a theme for the future of the Earth Science program at NASA. He then discussed some of the enabling technologies are under development to support this vision for the future. Roadmaps have been developed to map out how various capabilities will be developed to enable the NASA mission of “understanding and protecting our home planet,” for decades to come. 

Jack Kaye (Director of the Research Division in the Office of Earth Sciences at NASA Headquarters) was the next speaker and spoke about Federal Planning for Climate Research.  He talked about the Bush Administration's new Climate Change Research Initiative. He began with some historical perspective, emphasizing the U.S. Global Change Research Program (USGCRP), which for more than a decade was the major coordinating activity for climate change studies in the US Government. NASA has been (and continues to be) its biggest contributor. Funding is spread over various themes, which Kaye discussed briefly.

In the 2000 time frame, the USGCRP was in the process of developing a long-term strategy.  The process of strategy development changed when President Bush gave his "Rose Garden Speech" on June 11, 2001. In this address, the President announced the creation of the Climate Change Research Initiative (CCRI). The directive was that the CCRI should examine the "key gaps" in our understanding of climate change, emphasizing the near-term provision of scientific information to enable improved policy and decision making. On February 14, 2002, the President delivered another speech in which he emphasized the US commitment to improve our knowledge of the climate system, and defined a multi-tiered interagency coordinating structure that has been put in place to help implement the CCRI together with the prior USGCRP in an integrated fashion.  This structure will also help implement the associated National Climate Change Technology Initiative.

Kaye then went on to discuss some of the highlights of the integrated USGCRP and CCRI as defined in the draft US Climate Change Science Program strategic plan. [Note: The CCRI was extensively reviewed in a major stakeholder meeting held in December 3-5 in Washington, DC.] CCRI will accelerate the highest priority science and provide answers to decision makers. He reviewed the structure of the CCRI. The focus is on three main areas: emerging scientific issues, observations and monitoring, and decision support. The emerging scientific issues, all of which are relevant to ESE, are the impact of aerosols on climate, carbon in North America, and feedback issues relative to clouds and water vapor and also to Polar Regions. He touched briefly on issues associated with climate quality observations, monitoring and data management and ended by very briefly showing information on some of the more disciplinarily oriented theme chapter. For each question that is posed, the state of knowledge is reviewed, illustrative research questions are given, research needs are described, and products and payoffs are listed.

Upcoming EOS Mission Status Reports

The series of talks that followed was an update on EOS Missions that are planned for launch in the near future. 

Gary Rottman (Laboratory for Atmospheric and Space Physics [LASP]) and Bob Cahalan (Goddard Space Flight Center [GSFC]) gave a joint update on the Solar Radiation and Climate Experiment (SORCE). Launch is currently planned for the end of January. This small slip is due to a problem with the launch vehicle, but the team is hopeful that the current date will not slip any further. Rottman briefly reviewed the science that SORCE will study. SORCE will measure both Total Solar Irradiance (TSI) and, more importantly, spectral irradiance over most wavelengths. A brochure has just been released that details the science of this mission. The spacecraft operations and data analysis system are both located at LASP. Rottman also reported that the instruments and spacecraft are all ready to go. Launch will be at the Kennedy Space Center at Cape Canaveral, Florida. 

Bob Cahalan continued the report on SORCE and discussed cooperation with other agencies and between the Earth and Space Science communities at NASA. This is an effort to study long-term variability in solar irradiance. There is still quite a bit of uncertainty in this area and combined and overlapping measurements with previous missions are very important so that the long-term record can be continued. Cahalan reported that there is currently a gap between the SORCE mission and the next mission that is planned to study solar irradiance—NPOESS. A SORCE-2 mission (alternatively named Solar Irradiance Gap Filler [SIGF]) is being proposed. It may be co-manifested with another mission. Cahalan ended by speaking about calibration and intercomparison efforts that have been or will be conducted for SORCE. 

Jay Zwally (GSFC) provided an update on the Ice Clouds and Land Elevation Satellite (ICESat) that is scheduled to launch on December 19 from Vandenberg Air Force Base in California. [NOTE: The launch was delayed but happened on January ????. Kudos to the ICESat team!] Zwally reports that it has been a long haul but they are very anxious to see the satellite launch. ICESat is planned as a three-year mission but it is hoped that the mission can be extended to five years. The instrument on ICESat is the Geoscience Laser Altimeter System (GLAS), a laser with channels at 532 and 1064 nm respectively. Zwally went on to give some of the technical details about the GLAS instrument. 

The primary objective of the ICESat mission is to study polar ice mass balance and its effects on sea level change. Zwally showed some results from previous studies of ice sheet changes, emphasized the importance of these questions for climate change studies, and emphasized the need for long-term systematic measurements of ice sheet changes.  The mission’s secondary objectives include studying: clouds and aerosol, land elevation, sea ice thickness and roughness, vegetation canopy height, and surface reflectivity. Zwally ended by discussing mission characteristics and data processing and distribution. 

Ernest Hilsenrath (GSFC) provided an update on Aura. Aura is the third major EOS platform and will join Terra and Aqua in orbit, hopefully in January 2004 and become part of the A-Train satellite formation. As its name implies, Aura focuses on studying our atmosphere. It will take observations of atmospheric chemistry in unprecedented detail. Hilsenrath reviewed the Aura science questions, which all are derived from NASA's strategic questions. He then reviewed the specific areas Aura will make contributions including:  monitoring the sources and distribution of pollution and impacts on health and climate; ozone recovery and the impact of international protocols; and the role of clouds, aerosols, water vapor and ozone on climate forcing.

Hilsenrath next reviewed the instruments on Aura individually and discussed their status. The instruments are the High Resolution Dynamic Limb Sounder (HIRDLS), the Ozone Monitoring Instrument (OMI), the Microwave Limb Sounder (MLS) and the Tropospheric Emission Spectrometer (TES). The plan was to have all the instruments delivered to the spacecraft integrator by the beginning of 2003.  He reported that the Aura flight operations and data processing systems were on schedule and the instrument teams' Science Investigator-led Processing System (SIPS) were in place.  Finally he discussed the proposed validation activities, which were being planned in conjunction with NASA's atmospheric research program.  Aircraft missions are being planned which satisfy both Aura validation and the research program, which combined will provide further insight into atmospheric chemistry in both the stratosphere and troposphere and the exchange between them.

Bob Murphy (GSFC) provided an update on the NPOESS Preparatory Project (NPP), a mission planned to bridge between the EOS missions (Terra, Aqua and Aura) and NPOESS.  Murphy discussed the main instrumentation that will fly on NPP. The Visible Infrared Imager/Radiometer Suite (VIIRS) is a more advanced version of the Moderate Resolution Imaging Radiometer (MODIS) that flies on Terra and Aqua. Also included will be a Cross-Track Infrared Sounder (CrIS) and an Advanced Technology Microwave Sounder (ATMS). Furthermore, an instrument of opportunity may also be added to the NPP suite. Candidates to fill this slot would be either an Ozone Mapping and Profiling Suite (OMPS) as is planned to fly on NPOESS, or another Clouds and the Earth’s Radiant Energy System (CERES) radiometer, like the ones currently flying on Terra and Aqua. A decision on the instrument of opportunity will likely be made in the near future. 

Murphy reports that NPP will launch some time in the first half of 2006 on board a Delta II rocket.  He also discussed the ground system for NPP and pointed out that an NRA is out to determine the science team for the mission. A second science team will likely be assembled closer to the launch date. 

Earth System Science Pathfinder Missions

Continuing on with the mission updates, now the attention turned to the Earth System Science Pathfinder (ESSP) mission.  Marc Imhoff (GSFC) is ESSP Project Scientist and introduced this series of talks. Imhoff presented a brief overview of the ESSP program; these are intended to be focused missions that look at issues of importance to climate change studies and supplement larger EOS missions. They are missions that are built quickly and on a constrained budget. Imhoff briefly touched on each mission and introduced each speaker. Since the focus of the morning is on missions that have not yet been launched, the Gravity Recovery and Climate Experiment (GRACE), which is already on orbit, will not be discussed at this time. A status report on GRACE will be given later in the meeting. All of the other missions will be discussed. 

Jay Mace (University of Utah) provided an update on CloudSat. Mace acknowledged all of the partners who are working together on CloudSat. He also reported that CloudSat will be launched on the same launch vehicle as the Cloud Aerosol Lidar Infrared Pathfinder Science Observations (CALIPSO) mission to be discussed by the next speaker.  The launch is planned for 2004. CloudSat is a mission to study the key role clouds play in climate; it will be the first mission to deploy a 94 GHz Cloud Profiling Radar system in space. Mace went on to describe the radar system in some detail. He also described the data processing activities. The algorithms are all nearing completion. CloudSat is part of the A-Train satellite constellation and information from the other satellites in this formation can be combined with information from CloudSat to make synergistic measurements. Products are being developed that will combine information from the radar on CloudSat and the lidar on CALIPSO. Combining the radar and lidar data is necessary because while the radar can detect most clouds, it will still miss some. It is hoped that using lidar data, it will be possible to detect the clouds that the radar on CloudSat fails to detect. Data from MODIS on Aqua will also be used in conjunction with radar data from CloudSat. Mace ended by discussing two test data sets that helped to show the capabilities of CloudSat and illustrate how the raw data will be turned into meaningful results.

David Winker (Langley Research Center [LaRC]) reported on the status of the CALIPSO mission. As discussed above, this mission launches jointly with CloudSat and is planned for 2004. CALIPSO will make measurements of clouds and aerosol needed for climate change studies. Winker reviewed the three instruments on CALIPSO. The main instrument is the lidar, called the Cloud Aerosol Lidar with Orthogonal Polarization (CALIOP); in addition, a Wide Field-of-view Camera (WFC) and Infrared Imaging Radiometer (IIR) are included.  He indicated some of the unique features of the instrumentation.

Winker then went on to talk about instrument specifications, flight hardware status, and accomplishments and issues. He showed some sample data of the sort that CALIPSO will return and spoke some about the data processing for the mission. He indicated that a science validation plan is also being developed. Finally, he spoke a bit about multi-platform synergism. CALIPSO, along with CloudSat, is part of the A-Train satellite constellation. CALIPSO will gather a great deal of information on its own, but even more information will be obtained by combining information from CALIPSO with data from the other instruments of the A-Train - such as CERES, MODIS, and the CloudSat Cloud Profiling Radar.
Chet Koblinsky (GSFC) provided an update on the Aquarius mission. Aquarius was one of three missions (two primary missions and an alternate were chosen, Aquarius is one of the primary missions) selected in the most recent round of ESSP selections. Aquarius will study sea surface salinity in the ocean.  It is a joint venture between GSFC, Jet Propulsion Laboratory (JPL), and the Argentine Space Agency. Koblinsky reviewed why salinity studies are important; salinity through its effect on ocean density impacts the vertical circulation of the oceans. In recent years, there has been an increase in fresh water near the surface of the Arctic Ocean, as this water moves south into the North Atlantic it will cause changes in the global thermohaline (temperature and salinity) circulation and Aquarius may hold the potential to help determine how and where this is happening. Ship measurements of salinity are very sporadic and difficult. The prospect of making a global measurement from space is very compelling. Koblinsky next touched on the science requirements for the mission. The primary mission is the salinity measurement but the instrument will also provide data can be used by the hydrology community to study soil moisture changes. He acknowledged the partners who are collaborating on this mission and the valuable contributions of the science team. The mission should launch in 2007 on a Delta II rocket. Validation plans are being developed, along with an education plan.
Charles Miller (Haverford College) provided a status report on the Orbiting Carbon Observatory (OCO) mission. OCO was also chosen in the most recent round of ESSP selections. The goal of the mission is the improved characterization of Carbon Dioxide (CO2). The goal is to get a better hand on where carbon is stored in the Earth-Atmosphere system and to quantify carbon fluxes. A better understanding of the interchange of Carbon between land, ocean and atmosphere should result. Another very important result should be an improved ability to distinguish between Carbon resulting from human activities and Carbon from natural sources.   Miller next touched on some specific questions that the OCO mission should address including: the role of North America; the role of the oceans and of land; understanding why Carbon storage rates sometimes vary even though emission rates are constant; and the response to climate change. 

Miller next traced the long history of CO2 observations dating back to 1958.  The Advanced Infrared Sounder (AIRS) instrument on Aqua is now collecting CO2 observations, as is the SCIAMACY instrument on the European Space Agency’s (ESA) EnviSat. When Aura launches in 2004, TES will also make CO2 measurements.  However, none of these measurements will be as detailed as what is expected from OCO.  Further, Miller pointed out that OCO will be part of the A-Train constellation and thus will be able to make synergistic measurement with the other sensors in that formation. 

Miller next briefly reviewed some of the details of the OCO instrument. He touched on the spectral sampling strategy and emphasized the importance of designing the bands to have maximum sensitivity near the surface where most of the CO2 would be found. He also mentioned the spatial sampling strategy. The goal is to be able to penetrate the surface during periods of patchy cloud cover. Miller also discussed some of the details of the spacecraft and the operational strategy for the mission.  He ended with a discussion of the plans for calibration and validation, the expected data products, and the planned schedule leading up to launch in 2007.  

Dara Entekhabi (Massachusetts Institute of Technology [MIT]) spoke about the Hydros mission. Hydros was selected as the alternate mission in the third round of ESSP selections. It is a mission to study the state of Earth’s hydrosphere.  More specifically, Hydros will study soil moisture and the freeze/thaw state of the surface. This is critical input for Numerical Weather Prediction models as it links the water, energy and biogeochemical cycles together. Hydros is an end-to-end mission that will answer key questions related to the water cycle and carbon cycle and answer key questions of relevance to climate change studies. Entekhabi presented information on how data from Hydros will enable important applications in the areas such as national security and aviation. He also indicated the algorithms that will be employed are well developed and that there is a long heritage of these types of measurements. The technical approach for Hydros is typical for a “Pathfinder” mission. This is a low risk mission with a high science return. Entekhabi closed with a short discussion on data products expected from Hydros and their importance to fulfilling research priorities within the NASA science community.     

Yann H. Kerr (Centre d’Etudes Spatiale des Biosphere [CESBIO]) presented the Soil Moisture and Ocean Salinity (SMOS) mission after giving a brief overview of ESA's Earth Explorer Opportunity Missions (EEOM). These are essentially the ESA equivalent of NASA ESSP missions.  Kerr thus first reviewed the missions that have been selected to as EEOM's. Many of the missions chosen by ESA as EEOM's complement missions selected by NASA as ESSP missions.

Kerr next focused in on a specific example of an EEOM-the SMOS mission for which he is the PI. He discussed the motivation for this mission. Atmospheric models have huge discrepancies on soil moisture and more data is needed to more accurately determine this parameter.  Likewise, improved information on sea surface salinity is important to improve the accuracy of models. Kerr discussed the requirements for the mission.  SMOS will use an interferometry technique to make measurements. He ended by discussing field of view issues and how soil moisture measurements are derived.

Session II: New Integrated Science Results from Terra and Other Data Sources—Jon Ranson, Terra Project Scientist, Chair
Jon Ranson (GSFC) kicked off the afternoon session by presenting a Summary of Validated Data Products from Terra. Terra seems to be doing fine. All of the instruments are all doing okay, with a few minor issues with the Moderate Resolution Imaging Spectroradiometer (MODIS), the Measurements of Pollution in The Troposphere (MOPITT) experiment, and the Advanced Spaceborne Thermal Emission and Reflection Radiometer (ASTER). Ranson reports that nearly all ASTER and MODIS products are validated. CERES, MISR and MOPITT have released validated, provisionally validated or beta products. Ranson next reviewed the objectives of Terra and the science questions the mission is trying to answer. He reported that products are now available to fulfill these objectives and begin to answer these questions. Terra builds on the heritage of past measurements. He discussed each instrument and reviewed the status of each of its data products. Ranson ended by briefly showing the new (since the last IWG) Natural Hazards section of the Earth Observatory website - earthobservatory.nasa.gov. He also mentioned that the EOS Science Working Group plans a workshop concerning data access and usability for April 2003.

Otis Brown (University of Miami) spoke on Radiometric Performance of MODIS Terra and Aqua for Sea Surface Temperature (SST) estimation.   Brown discussed the status of the various MODIS SST products and noted that all would be validated as of the next code insertion.  He also discussed active support for other EOS instruments and for international SST projects.  Brown went on to discuss in situ validation data.  He reviewed how surface validation data is obtained and showed a particular example.  The latest validation results show no real latitudinal bias, and, the quality is similar for both Terra and Aqua.  He showed how improved SST information leads to an improved Hurricane Intensity Prediction capability.  Brown compared the National Hurricane Center's current technique to results obtained when the new information from the Terra and Aqua satellites is added.  He showed the specific case of Hurricane Isidore and its aftermath. The new technique incorporating EOS satellite data clearly shows features in the upper ocean in more detail.  Brown also showed that Hurricane Lili lost intensity when it moved over an area that Isidore had drained of energy a little earlier.  This new technique detects this. The National Hurricane Center is interested in incorporating MODIS information into their models.

Dennis Clark (NOAA/NESDIS) spoke on Climate Quality Ocean Color Time Series. He began by reviewing Marine Optical Buoy (MOBY)/Marine Optical Characterization Experiment (MOCE) activities since 1997. He explained why such calculations are needed and that there is a need for improvement in the accuracy of these measurements. There is a wide variation in the blue region of the spectrum. Clark discussed the Empirical Pigment Algorithm that is used and said that vicarious calibration is needed for ocean color science. He discussed the MOBY mooring site run by the University of Hawaii and showed the configuration of the MOBY. He also discussed the optical configuration, which separates blue and red light. Clark discussed the process used to derive the results and the calibration process. He reported that adding in the MOBY data has improved the accuracy of the ocean color products. Aqua has not seen as much improvement as Terra but, since Aqua has only been in orbit for a short while, there is not as much data for Aqua as there is for Terra.  

Mark Abbott (Oregon State University) spoke about Ocean Biogeochemistry, Productivity, and Fluorescence from MODIS. He reviewed the range of processes in the global carbon cycle.  There are fast and slow processes that must be considered.   Abbott characterized the 50 years of records on Global Ocean Primary Production as "50 years of educated guessing," because of the intense variability in light utilization by phytoplankton. He showed the MODIS productivity time series and then compared MODIS Chlorophyll to SeaWiFS. Both products match well. The question that needs to be understood is how phytoplankton turns light energy into biological matter. The traditional chlorophyll algorithm is based on tracking increases in absorption in the blue. The problem with the traditional method is that absorption based algorithms break down in optically-complex water, such as in the coastal zone. Fluorescence is not subject to this problem as it is specific to chlorophyll.  Abbott showed the fluorescence line height compared with ship measurements in situ.  Fluorescence works better at estimating chlorophyll concentration in productive, nearshore waters. The next issue he wishes to consider is whether or not the Chlorophyll Fluorescence Efficiency (CFE) derived by MODIS can help to improve the Primary Production Algorithm.

Yoram Kaufman (GSFC) reported on The Use of Satellites (MODIS), Ground Networks (AERONET) and Aerosol Models (GOCART) to View the Aerosol Effect on Climate.  The attempt here is to combine information from these three sources and study aerosols and their impact on climate. Kaufman’s group is particularly interested in sorting out the anthropogenic portion – that portion due to human activities.  Kaufman reviewed why aerosols are very important to climate studies. Satellites are an important tool for studying aerosol because aerosol is short lived in the atmosphere and thus needs to be measured on a daily basis.  

Kaufman next covered data from AERONET, GOCART, and MODIS.  He showed a sample MODIS aerosol product, which is able to distinguish aerosol amount and aerosol type by separating out fine and coarse particles. Next, he showed a movie comparing GOCART data to MODIS data. Over time, GOCART data begins to look very similar to the MODIS data.  Data from AERONET also matches very well with data from MODIS.

Kaufman also discussed how to derive a measurement based on aerosol direct radiative forcing.  They use data from MODIS and GOCART to distinguish anthropogenic smoke and pollution aerosol from dust and sea salt. Based on this result, they can calculate, aerosol direct radiative forcing over the ocean.

Jun Li (University of Wisconsin, Madison) spoke about Integration of MODIS, HIRS, and AMSU Data for Atmospheric Studies. MODIS data led to considerable improvement in the accuracy of atmospheric products.  Li showed a progression of satellite images that highlight how the resolution of instruments continues to improve. Using the multispectral radiance information, clouds are well separated into classes. Li described the algorithm used, which is based on statistical followed by physical retrieval. The new algorithm does improve the accuracy of the retrievals. In an attempt to further improve the data Li has also combined the data from MODIS with data from AIRS, AMSU, and HSB on Aqua. He showed the weighting functions for MODIS bands and for AMSU/HSB to help explain the rationale for the procedure he is using.
Dorothy Hall (GSFC) discussed the use of MODIS snow and ice maps in modeling studies.  She began with background information.  Enhanced warming has been observed in high latitudes in the Northern Hemisphere.  This warming is associated with a shorter duration of snow cover, especially in the spring. The high albedo of snow cover contributes to low atmospheric temperatures.  It is very important to get the amount of snow cover right in atmospheric models and at the moment, there are some very large discrepancies between model results and observed snow cover. Hence, more accurate global scale measurements of snow cover are needed in order to validate the models. Additionally, it is important to measure fractional snow cover because models are becoming increasingly more sophisticated.

Hall went on to discuss the MODIS climate modeling grid (CMG) product that has a resolution of 0.05 degree, or about 5 km at the Equator and is a daily and an8-day composite product.  This product is developed from 500-m MODIS snow maps. Fractional snow cover information is available (1-100%) in each CMG cell. 

Hall proceeded to discuss two models.  First, she discussed the Catchment-based Land Surface Model (CLSM) that is coupled to a snow physics model and can capture sub gridscale snow cover.  Older versions of the CLSM didn't predict the timing or amount of runoff resulting from snowmelt very well.  But the inclusion of a routine to utilize fractional snow cover improves the model results.  Therefore it is desirable to have fractional snow cover from MODIS to compare with model output.  Small-scale heterogeneity is shown to be very important in determining the albedo because patches of snow cover can persist and contribute runoff long after most of the snow cover has melted.  

Hall then discussed the European Centre for Medium-Range Weather Forecasting - Hamburg Version 5 (ECHAM-5) GCM.  A project, led by Norwegian scientist, Jan-Gunnar Winther, has a goal to improve the parameterization of snow and ice in ECHAM-5.  MODIS will contribute monthly snow cover and sea ice maps that will be used to validate ECHAM-5. To illustrate this, she showed the MODIS daily snow albedo product and the MODIS 1-km resolution ice surface temperature product.  

In closing, Hall stated that information on snow water equivalent (SWE) is even more valuable than snow-cover maps.  A future product could combine the good resolution of the MODIS snow cover products with information on snow water equivalent derived from the Advanced Microwave Scanning Radiometer for EOS (AMSR-E).

David Edwards (National Center for Atmospheric Research [NCAR]) spoke about Combining MOPITT and Other Satellite Data to Investigate Transport and Ozone Chemistry in the Troposphere. Satellite remote sensing offers the best opportunity of making global measurements of tropospheric trace gases over extended periods of time. He showed how observations can provide the large-scale context to localized field measurements, and also trace the impact on regional air quality of isolated strong emissions. This was illustrated using examples of Measurement of Pollution in the Troposphere (MOPITT) carbon monoxide (CO) data in conjunction with in situ measurements taken during the Transport and Chemical Evolution Over the Pacific (TRACE-P) field campaign in Spring 2001.

Edwards described what he referred to as the "Tropical Tropospheric Ozone Paradox".  In the early part of the year, regions of high tropospheric O3 derived from Total Ozone Mapping Spectrometer (TOMS) measurements over the tropical Atlantic don't coincide with biomass burning observed by satellite in northern Africa. MOPITT CO data have been used to investigate transport of emissions from these fires. Measurements from the Global Ozone Monitoring Experiment (GOME) on the European Remote Sensing Satellite (ER-2) have also been used to indicate high concentrations of oxides of Nitrogen (NOx), another O3 precursor. He showed that in southern Africa, high NOx concentrations probably originate from frequent lightning strikes, also observed by satellite. Lightning, rather than biomass burning, is probably responsible for the high O3 concentrations over the tropical Atlantic.

Edwards went on to show some other examples of recent MOPITT observations. He showed images of the 2002 fires in the Western U.S.  He correlated MODIS images that show the smoke with MOPITT images that indicate areas of high CO. As the fires worsen, the areas with high CO concentration increase and produce plumes that are transported long distances. He also showed the smoke plume originating from fires in Eastern Canada that spread over the Eastern U.S. in July 2002.  Again, MODIS clearly shows the smoke plume and MOPITT shows the areas of high CO concentration. Edwards indicated that using MOPITT and MODIS together offers the possibility of combining CO and fine/coarse particle measurements to examine the chemical origin and transport of anthropogenic aerosol.

Anne Kahle (Jet Propulsion Laboratory [JPL]) discussed ASTER Applications. She reviewed the bands on ASTER. The primary focus of ASTER is to study land surface and land surface change. Kahle ran through numerous applications where ASTER data is being used and showed many colorful examples. Applications include studies of: surface energy balance, geology, wildfires, natural disasters (the La Plata, MD tornado, floods in China), urban environmental monitoring, global land ice measurement, volcanoes, water quality and forest clear cutting. 

Kahle concluded by reminding the group that ASTER data should be free to NASA investigators. If you are a NASA investigator and not on the list of free recipients, then please contact Anne or someone on the ASTER team and let them know. 

DAY TWO: November 19, 2002

Session III: Validation and New Science Results from Aqua—Claire Parkinson, Aqua Project Scientist, Goddard Space Flight Center, Chair

Claire Parkinson (Aqua Project Scientist; GSFC) reported on Aqua's Early On-Orbit Progress. Aqua was successfully launched on May 4, 2002 from Vandenberg Air Force Base in California and then underwent a 120-day checkout period that ended on September 1. Parkinson described, in order, the turning on of each of Aqua's six Earth-observing instruments and illustrated, for each, some of the results that have been obtained so far by the Aqua science teams.

The first instrument to be turned on was the Advanced Microwave Sounding Unit (AMSU), on May 12, 2002, followed two days later by the turning on of the Humidity Sounder for Brazil (HSB).  Parkinson showed images from AMSU's first two passes over the U.S. and HSB's first nighttime pass over Brazil.  She then showed AMSU/HSB imagery of thunderstorms over Texas from June 16, using four channels from each instrument, penetrating to different depths in the storms. The AIRS Science Team has taken these data and those from other regions to calculate and map precipitation rates. One exciting new result with the AMSU/HSB is the use of these data to track snowstorms in the Arctic. Calibration issues remain, especially in the snow rates, but the initial results are encouraging.

The Advanced Microwave Scanning Radiometer for EOS (AMSR-E), provided by Japan's National Space Development Agency (NASDA), was initially activated in its science mode on May 24. There was an issue at first with the automatic gain control, but this was quickly solved by NASDA, and as of June 1, the instrument was sending back an impressive data flow. Parkinson showed a global sea surface temperature map created by NASDA just days after the AMSR-E was operating, plus a nighttime image of a July 4 typhoon in the East China Sea. She also showed data comparing rainfall as measured by AMSR-E to that measured by the Tropical Rainfall Measuring Mission (TRMM) Microwave Imager (TMI). AMSR-E is providing the highest resolution passive microwave imagery to date, even allowing the identification of individual sea ice floes.

The Atmospheric Infrared Sounder (AIRS) began transmitting visible/near-infrared data on May 26 and the main infrared data on June 12. The instrument has 2382 channels, and Parkinson showed an AIRS spectra from off the coast of South Africa, provided to her on June 13 by the AIRS Team leader Mous Chahine. This spectra established the successful functioning of all 2378 of the AIRS infrared channels; the four visible/near-infrared channels are also working, although are not shown in the same spectra. Parkinson then showed preliminary maps of total column CO from the AIRS Team, plus two October 28 images of Mt. Etna undergoing a major eruption, one showing the eruption from visible and near-infrared data and the other highlighting the sulfur dioxide emissions through use of two channels of infrared data.

The two Aqua Clouds and the Earth's Radiant Energy System (CERES) instruments were activated on June 18, one day after the spacecraft reached its final, 705 km operational altitude. The CERES Science Team had elected to wait until the satellite was in its final orbit before activating the instruments. Parkinson showed global maps of CERES longwave and shortwave fluxes for June 22, and then side-by-side October 1 longwave and shortwave maps centered on Hurricane Lili in the Gulf of Mexico. She mentioned that the CERES Team is using the CERES data to improve measurements of the Earth's radiation budget and improve the understanding of the impact of clouds on the shortwave and longwave fluxes and on climate and climate change.

The Moderate Resolution Imaging Spectroradiometer (MODIS) was the last of the six instruments to be activated into its science mode, with this taking place on June 24. A key first light image was a view of fires burning in Australia on June 24, and another was a chlorophyll map for the following day, from the MODIS Ocean Group. The high quality of both these images was highlighted as illustrative of the advances made by the MODIS Team, the MODIS manufacturer, and the data processing system since the launch of the first MODIS, on the Terra spacecraft. The Terra MODIS also produces very high quality imagery, but it took longer to get to that quality without having a previous MODIS to learn from. Combining data from MODIS on Aqua and Terra will improve the quality of many products, and Parkinson illustrated this with two examples: the Bidirectional Reflectance Distribution Function product and the chlorophyll product. She also showed MODIS imagery of the Nile River, the Greenland ice sheet, the October Mt. Etna eruption, August fires in Oregon, and derived water vapor over Spain and North Africa.

Parkinson closed by stating, in summary, that all six Aqua instruments are sending back high quality data and all are contributing to the Aqua mission goals of enhanced understanding of the global water cycle, enhanced understanding of the Earth's climate system, and improved weather forecasting.

Roy Spencer (University of Alabama in Huntsville) spoke briefly about Monitoring Climate Variability with Aqua's AMSR-E. He gave an AMSR-E instrument update and touched on some of its applications. As stated in the previous talk, AMSR-E provides the highest spatial resolution ever obtained by a passive microwave sensor. This allows for much higher resolution in sea ice, snow cover, soil moisture, and precipitation studies.   Global images of radio frequency interference (RFI) sources at 6.9 GHz, and of new vegetation-sensitive and soil-moisture sensitive parameters, were also shown.
Frank Wentz (Remote Sensing Systems) reported on AMSR-E On-orbit Calibration and Early Science Results. AMSR-E has a “hot load” problem, meaning that there are large temperature gradients within the load. The team realized before launch that AMSR-E would have this problem in orbit and came up with a way to estimate an effective temperature for the hot load. They use geophysical parameters from existing satellites, put this information into a radiative transfer model, and use simulated AMSR-E observations to provide an Earth calibration point.  The effective temperature of the hot load is estimated by a linear extrapolation of the cold-space calibration point and the earth-calibration point.  There is no guarantee that this method will work; the result must be validated.  This is done by looking at the derived products, particularly SST and wind. Wentz showed the suite of ocean products from AMSR-E, including SST, wind, vapor, cloud, and rain.  He also showed some initial validation results.  AMSR-E SST was compared to Reynolds Optimum Interpolated (ROI) SST, and the wind speed was compared with both SSMI/TMI and QuickSCAT.  There is less data from QuickSCAT due to colocation problems. Wentz showed a global map of the AMSR-E wind speed versus TMI wind speed, and the agreement was good. A similar figure showing AMSR-E SST versus Reynolds SST had some anomalous features, which were explained by Wentz.  Some of the residual SST error is attributed to the hot load problem. The next step is to compare these results with in situ data. TMI and AMSR-E SSTs are being merged, and this technique seems to work well. A complete daily map of SST with no holes is produced each day. Using this information, they can study SST cold wakes in the aftermath of hurricanes.  They can also undertake air-sea interaction studies. To conclude, Wentz showed an animation that depicted SST gradients.
Joey Comiso (GSFC) discussed new sea ice cover results from AMSR-E. He discussed the scientific motivation for these studies. The motivation is as follows: (a) AMSR-E data will continue a long historical climate record and serve as a baseline; (b) Polar regions may provide early signals of climate change because of amplification of the signal due to feedback effects between the surface and the atmosphere; (c) Arctic sea ice has been observed to be declining at about 3% per decade and at the same time thinning; further, a recent report shows that the perennial sea ice is declining at a rate 9% per decade.  

Coincident infrared data also show an increase of 1.2 K per decade in summer ice temperature.  This means a decrease of 1% of the perennial ice area per degree Kelvin increase in average summer temperature. AMSR-E continues the time series of sea ice measurements and gives better accuracy. Comiso reviewed the characteristics of the AMSR-E instrument.  He showed the general consistency in the retrieved ice concentrations from AMSR-E and SSM/I data. One key question in the monitoring of the sea ice cover is how well and how consistent the location of the ice edge is determined.  This information is used to calculate ice extent, which in turn is used to calculate trends in the ice cover. Clearly AMSR-E is superior to SSM/I because of higher resolution. Comiso also showed that AMSR-E data is more effective than SSM/I data in masking incorrect retrievals in open ocean areas.  He also discussed cloud cover effects and presented a new Ice Temperature data product that is currently obtainable only from AMSR-E.
Tom Jackson (US Department of Agriculture) made a presentation on The Soil Moisture Experiments (SMEX).  The model that Jackson is reporting on has been evolving since 1992. Jackson discussed the objectives of SMEX and noted that the next field campaign is planned for 2003. It is designed to study agricultural crops, multiple scales and land-atmosphere interaction. He discussed sampling strategy to accommodate multiple scales.

Jackson presented a short review of the most recent field campaign, which took place from June 25-July 12, 2002, in Iowa.   He showed some pictures to give a feel for the vegetation in the area and also reviewed the weather conditions for that time period. The period began dry but later on, the area of the study received over five inches of rain, which was ideal for the study. 

Jackson focused on results from the numerous aircraft flights that took place over the study region. He explained how AMSR data is also being used and discussed the RFI issues.  He feels that significant contamination issues will need to be resolved in order to use AMSR to make soil moisture measurements in North America. The next experiment in this series will take place in 2003.  Three U.S. sites have been selected and a fourth site in Brazil. 

Richard Armstrong (University of Colorado, National Snow and Ice Data Center [NSIDC]) discussed the Blending of MODIS and AMSR-E Data for Enhanced Snow Cover Monitoring. NSIDC is integrating microwave and optical data to provide improved snow cover mapping. Armstrong reviewed the past history of hemispheric scale snow cover mapping and considered the advantages and disadvantages of microwave and optical measurements. The legacy for optical measurements is the long history (1966 to present) of weekly Northern Hemisphere snow charts produced by NOAA and distributed by NSIDC. Armstrong showed the time series of passive microwave brightness temperature data from SMMR and SSM/I and described the NSIDC Equal Area Scalable Earth-Grid (EASE-Grid) and the three different projections that are used.

Armstrong continued with a review of the basic physics of microwave remote sensing of snow. Microwave energy emitted by the soil is scattered by the snow cover and the scattering increases in proportion to the amount or mass of snow present. Armstrong showed examples of the spectral signatures of bare soil compared to snow. The signature for dry snow is unique but the signature for wet snow can sometimes be confused with bare soil causing reduced accuracy. Armstrong pointed out that most existing algorithms are regional, and thus are not appropriate for use at the hemispheric scale. NSIDC has developed an algorithm that is applicable at the global scale. Armstrong showed a plot that depicts the downward trend in Northern Hemisphere snow extent over the past several decades. Armstrong reported that the AMSR-E and MODIS blended product, which combines the particular advantages of optical and passive microwave, will be developed as a research product this year and available as a standard product in 2003.

Moustafa Chahine (JPL) gave an update on AIRS/AMSU/HSB Performance and Early Results. To quote the speaker, "AIRS is doing fantastically well." The algorithm for this instrument is unique in that it is a unified algorithm.  Chahine went on to review the assignment to the AIRS team as stated by Ghassem Asrar.  He discussed the design of the instrument. As noted earlier, AIRS will obtain images but clearly its main focus will be on studies of the infrared spectrum. It is expected that fields such as numerical weather prediction and spectroscopy will benefit from the data retrieved by AIRS.

Chahine proceeded to discuss the impact that the presence of clouds has on Infrared retrievals. He showed that less than 5% of AIRS footprints are "cloud free" according to AIRS clear window channel at  2616/cm, at night in nadir viewing over oceans.  He showed the ability of AIRS-AMS-HSB to recover  "cloud-cleared" infrared spectra in the presence of clouds in all AIRS footprints and compared results with spectra from cloud free regions in the neighborhood.
George Aumann (JPL) discussed the first SST measurements from AIRS using the 2616cm-1 super window channel and the 2607cm-1 weak waterline channel.  The data are cloud filtered using a spatial coherence threshold followed by a weak waterline contrast threshold to eliminate low stratus clouds. Only 1% of the AIRS data pass the cloud filter test.  A comparison of the AIRS SST with the SST produced by the National Center for Environmental Prediction (NCEP) shows a global average cold bias of 0.4K, close to the cold bias expected between the skin and the bulk temperature.  Analysis of the data from a two-week period shows the dependence of the skin-bulk temperature gradient on the wind speed, which previously has only been measured with ship-based radiometers.  The ability to measure the (skin-bulk) gradient from space has very interesting implications for weather forecasting and climate research.

Mitch Goldberg (NOAA) gave a presentation on Initial Retrievals from AIRS. 

He reviewed AIRS related activities at NESDIS. There has been excellent collaboration between NASA and NOAA. Goldberg discussed risk reduction benefits. He stressed that assimilating AIRS data is a very high priority for NESDIS. He then reviewed the NWP Users and the NWP AIRS Products. 

Goldberg next reviewed the AIRS retrieval. He showed some early results and looked at principal component analyses of this information. A comparison of simulated AIRS data versus real AIRS data shows that AIRS will provide more info than the model already has. Noise reduction techniques seem encouraging. Goldberg also spoke on clear detection and looked at regression retrievals. Empirical Orthogonal Function (EOF) analysis reveals that there is a great deal of information in these retrievals and results continue to improve as information from multiple instruments are considered.

To close, Goldberg ran through a series of slides to show how accurate the various parameters in the model are.  He showed that the moisture field still needs work but that the ozone retrieval looks pretty good. As the model simulation becomes more accurate there should be a corresponding improvement in the accuracy of NWP’s that use this information. 

Joanna Joiner (GSFC) presented on AIRS and Data Assimilation. She went over the operational products and reanalyses at DAO.  There are two different operational products: 1) first look runs about a day after data time 2) late look runs several weeks behind data time and uses late data and higher quality satellite data sets. There are two ongoing reanalyses; one focuses on the UARS time period. The other focuses on the TRMM time period and includes assimilated precipitation. She talked about research that uses EOS data. DAO is actively using EOS data for some of its products. Other research activities, including aerosol, cloud, and land-surface assimilation, are evolving to use EOS data. Her focus for today's presentation is on AIRS assimilation.  She discussed a four-step process:

1. Define real time data set. A very large volume of AIRS data has to be made manageable.

2. Perform radiance monitoring. This involves looking at the observed minus forecasted brightness temperatures. She looked at a few selected spectral bands of interest to demonstrate how this works.

3. Develop and fine tune algorithms.

4. Assimilate and evaluate. Joiner showed some initial results. She showed how the specific humidity is modified at different altitudes by assimilating AIRS data. She also showed how mesospheric temperatures and winds are affected by using AIRS data. 

Joiner closed by pointing to ongoing DAO collaborative work with other government agencies, including the Joint Center for Satellite Data Assimilation (JCSDA) and the Earth Science Modeling Framework (ESMF) with objectives that include accelerating the use of new satellite data in operational numerical weather prediction.

Bruce Wielicki (LaRC) spoke on Merging Terra and Aqua CERES Data Products.
He began by showing some data from CERES on Aqua and then went over the Aqua CERES data status. The CERES instruments on Terra and Aqua have been intercalibrated in orbit.  Wielicki reviewed the TRMM/Terra intercomparison. Here, they take advantage of orbit crossings. Improved diurnal sampling is the key synergy for Terra/Aqua merging. CERES minus AIRS will allow for isolating the far infrared longwave flux. This is where the bulk of the greenhouse effect is seen, especially for water vapor. Therefore, it is possible to look at far infrared longwave flux and see how water vapor impacts this region and how cloud properties impact.
Wielicki proceeded to review the TRMM/Terra science status. He touched on some of the CERES team's recent work, which includes a Comparison of Observed Decadal Tropical Radiation Variation with Current Climate Models. This work documents decreased tropical cloudiness in the decade of the '90s as compared to the '80s. Results seem to suggest an explanation for the change may be an increase in the Hadley cell circulation from '80s to '90s (Chen et al., 2002). Chambers and Lin from the CERES team have also done some well-documented Iris Hypotheses studies. CERES new Angular Distribution Models (ADMs) allow for studies of cloud radiative properties of specific cloud types.  Loeb has led this development for CERES and has demonstrated factors of 2 to 10 improvement in radiative flux accuracy especially for solar reflected fluxes.  The new radiative fluxes allow the first accuracy measurements by cloud type, and therefore a much more rigorous analysis of the recent Iris hypothesis.  Chambers used the new ADM flux data to test the Iris hypothesis using a wide range of ice cloud definitions, but all cases confirmed that the Iris, if present at all, appears to be a small positive feedback, not a large negative feedback. New results from Xu and Wong used the new CERES ADM fluxes to investigate cloud radiative properties of large tropical deep convective cloud systems, and compared them to current coarse resolution clouds in climate models as well as high-resolution cloud resolving models.  Major improvements were still found to be necessary for cloud height, longwave flux, and especially for cloud albedo.    
Session IV: Validation and New Science Results from Recent Missions—Marc Imhoff, ESSP Project Scientist, Goddard Space Flight Center, Chair. 

Byron Tapley (University of Texas Center for Space Research) gave an update on 

The Gravity Recovery and Climate Experiment (GRACE) is the first ESSP mission on orbit! This mission responds to over thirty years of demands for a mission to study the time variable changes in gravity. This is not just a one-time mapping; the five-year duration will allow for the time variable portion of the gravity field to be studied in detail. Accurate gravity measurements are essential to radar altimetry. Consequently, GRACE data will significantly impact radar altimetry and lead to improvements in the accuracy of these measurements. 

Tapley briefly reviewed the science goals of GRACE, the mission systems and the orbit details. He pointed out some of the key enabling technologies that make the mission possible—most notably the microwave ranging system and the accelerometer. Making a high accuracy inter-satellite range measurement is quite difficult. The engineering that has enabled this is quite remarkable. Tapley gave an update on the mission status. GRACE is still in the commissioning phase though science data is being collected. 

Tapley then showed some preliminary results from GRACE. He discussed the preliminary GRACE-only solution.  To date, most models of gravity rely on additional sources. He gave an idea of the improvement in the geoid (surface of equal gravity potential) measurement that GRACE should obtain and discussed the accuracy of the measurements obtained.  So far the data obtained from GRACE shows that the gravity measurement is an order and a half greater than current measurements. It is hoped that the GRACE baseline will be significantly better than this when all is said and done. The baseline mission requires continued improvement and this is expected as time goes on.  Tapley very briefly mentioned satellite orbit comparisons and showed an image of dynamic topography and of zonal and meridian geostrophic currents. In summary, GRACE has already contributed to improving the accuracy of the gravity measurements (adding more in 30 days than has been learned in 30 years of previous study) and much more improvement is expected. Two orders of magnitude further improvement is anticipated over the current measurements. 

Pat McCormick (Hampton University) showed some Meteor 3M/SAGE III early results. Three Stratospheric Aerosol and Gas Experiment instruments have been built. One is in orbit, one is planned for deployment on the International Space Station (ISS) and the other is in storage in case a flight opportunity becomes available. McCormick reviewed the importance of stratospheric aerosols and ozone. He reviewed SAGE II aerosol and ozone data to illustrate what can be expected from the expected SAGE III data set. He showed zonal means of stratospheric aerosol optical depth (SOD) and pointed out that the SODs are the lowest ever measured. He also showed ozone trend data from SAGE II.

McCormick then reviewed the solar and lunar occultation technique as employed by SAGE III, and described details of the instrument. The idea of having multiple instruments was to obtain near- global coverage. However, delays in getting the mission deployed on ISS may prevent this from happening. He showed the METEOR 3M spacecraft and the SAGE III instrument aboard the Russian spacecraft. Data from SAGE III is telemetered to Wallops Island and also to Moscow. The Russians are in charge of the spacecraft.

McCormick discussed a comparison between the capabilities of SAGE II and SAGE III using a histogram that indicated altitude coverage and error for each species to be measured. Lunar occultation gives SAGE III the ability to look at nighttime chemistry, which SAGE II was not able to do. The validation phase for SAGE III is ongoing. McCormick showed numerous comparisons. These included SAGE II, the Halogen Occultation Experiment (HALOE), the Polar Ozone and Aerosol Measurement (POAM) missions, and ozonesondes. He indicated that the initial results are very encouraging, matching very well with previous instruments, and will be able to continue, at least over the latitudes that SAGEIII/METEOR 3M measures, the long standing time series of ozone and aerosol measurements that are used to study trends.
Bruce Haines (JPL) reported on Jason-1 Initial Data and Results. Jason-1 is the follow-on mission to the venerable TOPEX/Poseidon (T/P) mission. It is a joint mission with the French Centre Nationale d'Etudes Spatiale (CNES).  Haines reviewed the science objectives for the mission and discussed what is needed from the measurement system. Many of the requirements for Jason-1 are based on continuing and building on what T/P has provided.  Haines reviewed the mission milestones for Jason-1.  The mission launched from Vandenberg Air Force Base on December 7, 2001.

Haines went on to discuss the scientific payload and the orbit of Jason-1. Jason-1 and T/P actually flew in formation for 7 months, with T/P lagging Jason-1 by 70 seconds and tracing out the same ground track. This enabled a rigorous cross calibration of the two measurement systems, since both satellites were observing the same spot on the ocean under nearly identical environmental conditions. As an example, Haines showed a comparison of columnar wet path delay measurements from the radiometers on T/P and Jason-1. The global level of agreement is close to 5 mm (RMS). The altimeter range measurements agree to better than 4 cm after removal of range and sea-state biases. Haines noted that the absolute bias of the Jason-1 sea-surface height measurements has been determined from over flights of dedicated in situ calibration sites. He also remarked that the radial accuracy of the precise Jason-1 orbit solutions is already approaching the challenging goal of 1 cm (RMS).  Finally, Haines described an experimental system that provides accurate (5 cm RMS) sea-surface height information from Jason-1 with 3-5 hr latency, enabling near-real time studies of the global ocean.

At the end of the Jason-1 verification phase in August 2002, the T/P satellite was moved so that the ground track interleaves with the Jason-1 track, doubling the coverage of the oceans. With the Jason-1 data meeting or exceeding all mission requirements, the precise geophysical data records will be broadly released beginning in February 2003. To continue the legacy of precise ocean altimeter measurements from space, the Ocean Surface Topography Mission (OSTM) is planned for a 2006 launch.

David Starr (GSFC) reported on the CRYSTAL-FACE field campaign in July 2002. He began by reviewing the rather lengthy list of sponsors, illustrative of the importance of partnerships within NASA and outside NASA including the National Science Foundation, the US Navy and the Department of Energy. The Cirrus Regional Study of Tropical Anvils and Cirrus Layers-Florida Area Cirrus Experiment (CRYSTAL-FACE) address many key ESE science questions. He reviewed the goals of the campaign and discussed the observing platforms.  Starr explained that satellite data is a very important component of CRYSTAL-FACE. Six aircraft were involved in the campaign with two of them serving as state-of-the-art satellite simulators. Two ground sites - east and west - were also chosen. There was also a very strong theoretical component with modelers and forecasters on hand and well integrated into the daily operations. 

Starr reviewed the instrumentation on the ER-2 aircraft used during the study in some detail and then briefly reviewed instrumentation on the other aircraft.  The aircraft were used to fly validation missions collecting data for Terra (MODIS, MISR and CERES), Aqua (MODIS, CERES, and AIRS) and TRMM validation as well as data supporting algorithm development for CALIPSO and CloudSat.   Starr showed some data to illustrate this application.  There are not many conclusive results as of yet but there are many interesting observations including a major Saharan dust episode on the last few days. He showed data from July 23, when there was a nice thunderstorm over southern Florida and aircraft were used to characterize the anvil lifecycle. Starr indicated that future plans include involvement in the TC3 campaign (planned for EOS Aura validation) and for a CRYSTAL-Tropical Western Pacific campaign.  It is anticipated that data from the A-Train satellite formation will be very helpful in the future campaigns.

Session V: NASA’s Earth Science Applications Strategy and Recent Accomplishments—Ronald Birk, Director of the Applications Division–NASA Headquarters, Chair

Ronald Birk (NASA HQ, Code YO – Director of Applications Division for the Office of Earth Science) presented an overview of the Earth Science Enterprise Applications Strategy. The strategy for applying the results of the NASA’s research and development for Earth Science is based on a “systems approach”.  NASA is a systems engineering agency and the Enterprise studies the Earth as a system. The ultimate objective to serve societal needs by systematically applying the observations and predictions resulting from Earth science remote sensing missions and models. The challenge of the Earth Science Applications Program is to first to identify decision support tools and systems designed to address priority national applications.  Specific decision support systems being developed by federal agencies and national organizations have been identified for their potential to be enhanced by Earth science results. The Earth Science Applications Program is establishing and/or expanding interagency agreements with NOAA, USGS, FEMA, EPA, USDA, USGS, DHS, CDC/NIH and DOT to work to systematically benchmark the use of NASA results in the decision support tools being employed to deliver information services to our Nation.

Birk shared more detailed information about a couple of the selected applications. He reviewed the overall systems architecture that is being employed that describes the relationships between the remote sensing missions, science models, and decision support tools.  Data from NASA missions is input into both science models and to decision support systems that are managed by partnering agencies and used by policy and decision makers.  Birk then reviewed some of the expectations and gave some specific examples where this approach has been shown to be effective, including the areas of: Wildfire management with the US Forest Service (MODIS rapid response), hurricane predictions with NOAA, and establishing guidelines for aviation safety with the Radio Technical Committee of Aeronautics (RTCA).
Birk showed a slide that illustrated that NASA has a plethora of missions to deployed acquiring provide measurements of the Earth system. There are many science models for the land, oceans, and atmospheric processes, and at least 12 Earth science laboratories that are contributing to the systems solutions.  The challenge is to systematically support the benchmarking of solutions for the Earth science results to benefit society. The systems components that connect Earth science observations and predictions to policy and management decisions are the decision support tools. The idea behind the National Applications Initiative is that other agencies have already built the decision support tools and NASA doesn't need to reinvent them. NASA's unique contribution is Earth science measurements and predictions. Birk showed a diagram depicting the information cycle. NASA remote sensing missions generate data products that are archived in data handling systems that ultimately support models and decision support systems. The gaps in measurements supporting models and decision systems define requirements for next generation science data, the process continues …

Greg Stover (LaRC) spoke about GIFTS, A Revolutionary Forecast Tool. The Geosynchronous Imaging Fourier Transform Spectrometer (GIFTS) mission is the next scheduled New Millennium Program (NMP) mission. He reviewed the objectives for NASA, NOAA, and the Navy—the three mission partners. This mission will involve both validation and operational aspects. Like all NMP missions, GIFTS is to demonstrate technology and point the way toward future missions; Stover showed a roadmap for the GIFTS mission. He then reviewed the sampling characteristics for GIFTS. It is a very high spectral resolution measurement that will obtain IR measurements and sounding. (It will obtain 80,000 soundings a minute!) Stover showed examples of the operational mode for GIFTS. He reported that there already has been some water vapor validation and showed a simulation of the data that will be collected. Stover ended by mentioning some specific applications for GIFTS data including: Flight level winds measurements, convective initiation, aviation turbulence, in-flight icing, oceanic weather prediction. 

Ed Sheffner (NASA HQ, Code YO) discussed the applications objective of a carbon management regime.  Such a regime would be based on the understanding of carbon exchange mechanisms, dynamics and sources and sinks from research sponsored by NASA and other organizations.    He reemphasized the point made in the earlier talks that the applications side is heavily dependent on the science side. The slogan is, "From science to societal impact and back again." Sheffner showed a diagram of the carbon cycle exchange and pointed out some of the key questions and uncertainties in this process. 

Carbon management was identified as a national application area within the Applications Division of ESE because it is a subject that meshes well with the NASA vision and mission. It is an issue of national importance that can benefit greatly from NASA data and capabilities, and it offers NASA the opportunity to partner with other agencies and respond to their operational requirements.   The carbon management application area draws upon and contributes to other national applications including invasive species, coastal management, and water quality. It benefits greatly from the systems engineering approach that is being used for these applications. 

Sheffner briefly reviewed some of the scientific issues relevant to carbon.  Carbon dioxide (CO2) is a major greenhouse gas.  The concentration of CO2 in the atmosphere has increased over 25% in the 20th Century.  It continues to increase, and, without mediation, may, by 2100, be 2.5 times greater than it was in 1900.  This is likely to have serious climate consequences.  New technologies are the only way to reduce CO2 in the atmosphere in the long term.  Sequestration of carbon may reduce the rate of increase in atmospheric CO2 in the near term. An approach is needed that blends different responses. Sheffner discussed the resources that NASA's ESE can bring to this discussion.

A national mandate to study climate change and related issues was issued in February 2002. Sheffner looked at NASA ESE response. He considered the near-term response and the long-term response. The plans for this application are based on work that is already going on in carbon science. He showed a roadmap that has been developed that shows the state of things as they are now and development of capabilities during the next decade. Sheffner pointed out that output from roadmap for science becomes input for roadmap for carbon management application.   The carbon application area provides an opportunity for the science community to extend its research into decision support tools for issues of national importance. 

Nancy Maynard (GSFC) presented a summary of the applications of NASA Earth science data and information to public health issues.  She started by providing the human context for the issue, outlining the key environment-related health issues nationally and internationally, including both developed and developing countries.  She outlined a roadmap for moving NASA ESE observations, data, and research results into interdisciplinary research projects with health partners whose collaborations ultimately feed results into public health users and relevant decision support systems.  As described in previous talks in this session, this presentation showed how NASA plays an important role in providing space-based data and information - and in facilitating data exchange with many other partners in both Earth and health sciences - for use in decision support systems.

Maynard outlined a number of examples of ongoing and potential applications of Earth science data to a variety of real and potential public health threats, such as infectious and vector-borne diseases including West Nile virus, malaria, Rift Valley fever, Ebola, St. Louis encephalitis, dengue fever, meningitis, and filariasis.  In addition, she described other ongoing or planned applications of NASA data to important health issues such as transport of African/Asian dust, contaminant transport in the Arctic, UV radiation, air and water quality issues, and problems related to oceans, water and extreme weather.
Lawrence Friedl (NASA HQ) reported on the impacts of global monitoring on regional air quality management. He discussed value and benefits of NASA research in improved measurements of air quality parameters. U.S. information that contributes tomeeting clean air standards benefits society. NASA believes it can make a significant contribution to this application and is partnering with EPA to supply them with measurements of global aerosols as  inputs.  Friedl discussed overall benefits of this application in terms of policy, assessment and management and showed the 10-year roadmap for systematically employing NASA Earth observing systems and science results to serve Air Quality Management. He also provided a short review of how EPA sets standards for emissions. Individual geographic areas (often states) have to develop plans for how they will comply with rules set by EPA. Models (decision support structures) are employed to help make these decisions. He showed an example of the Models3/Community Multi-scale Air Quality (CMAQ) model output. Friedl gave a very brief review of CMAQ/Models3, so named because it combines information on meteorology, pollution/emission, and chemistry.

Where then do Earth Science measurements fit into this issue? Earth observing satellite measurements are seen as a very effective way of filling in the gaps between ground measurements. Information derived from NASA research results can be assimilated into the CMAQ/Models3 runs. The observations and predictions resulting from NASA Earth Science research can be used to assess global and regional transport of pollutants. This is an important issue in figuring out whether or not states meet their emissions goals. Sometimes, an area can appear to fail because pollutants are transported from areas from outside of the immediate area being evaluated for compliance with emission standards. NASA observations (from EOS Aura for example) should make it easier to trace the transport of pollutants and determine where pollutants originate. Some other useful applications of NASA Earth science measuremnts would include improving the initiation and transportof emissions for input into compliance models and providing more accurate boundary conditions for air quality models. 

Friedl ended with a discussion of the Earth Science Applications program’s goals and activities; there are questions associated with each goal.  He reviewed plans for FY `03 and `04 and pointed out that the plan is building toward the availability of EOS Aura products.  He also reviewed the partners in this application, both within NASA and between federal agencies.  

Steve Ambrose (NASA HQ) discussed the impacts of Earth observing satellites on decision support systems serving Disaster Management. He reviewed the driving forces using remote sensing observations and Earth science predictions for disaster management. He pointed out the huge economic losses from one example​—drought. He showed a slide with all the EOS missions listed and pointed out that all of these new missions that have been or will soon be launched lead to an order of magnitude increase in the amount of data that needs to be managed. 

Ambrose went over the NASA approach to disaster management. They have sponsored Solid Earth and Natural Hazards Applications Research and have funded ten new proposals this year. He reiterated the common theme of this session: Missions ( Models ( Decision support. A very good example of how this is working successfully in practice is the MODIS Rapid Response team. 

Ambrose reported that over 100 projects are nearing completion. He highlighted some of partners in this endeavor. He discussed remote sensing and geospatial technologies including Open GIS.  He also discussed some specific applications that have benefited from these new technologies.  One example where QuikSCAT and TRMM measurements have allowed for improvement in the accuracy of hurricane prediction and hurricane track forecasting with subsequent socioeconomic benefits. Ambrose also discussed the impact that Earth observing satellite measurements is having on weather research. It is allowing for improvements in the areas of prediction, preparation, response and mitigation. 

The decision support system being used for this application is the Natural Hazard Loss Estimation Methodology  resident in the FEMA HAZUS model. It is used to determine the risk assessment caused by the impact of natural disasters. Ambrose showed some examples of the capabilities of HAZUS. Finally, he showed the roadmap that has been developed for Disaster Management depicting HAZUS as the decision support tool into which NASA Earth science results will be input to produce outcomes and impacts for society. It outlines the progress that is expected over the next decade in this area.
Roger King spoke about Critical Aspects of Interoperability for Systems Solutions Using Earth Science Results. Interoperability is at the core of much of what is being shared in this session. King defined interoperability as the capability to communicate, execute programs, or transfer data among various functional units in a manner that requires the user to have little or no knowledge of the unique characteristics of those units. He stressed the need for open standards. He drew an analogy to remote controls. It used to be that a different remote control was needed for every device, but now one remote can control almost every device. Any company can design a "universal" remote because the standards are open. If you happen to have a device that does not work on a universal remote, it is very inconvenient and tends to be ignored and left behind. Likewise, it used to be that everyone could use a different language for data and not worry about being compatible with other users.  That day has past however. Data must be compatible, at least on the front end (interface) if it is to be useful.

King discussed standards bodies that are important to NASA. Open GIS (www.opengis.org) is a not for profit consortium focusing on open systems architectures. The Federal Geographic Data Committee (FGDC) (www.fgdc.gov) also sets standards for data, as does the Geographic Information Committee (Technical Committee 211) of the International Standards Organization (www.isotc211.org). New missions need to be designed with these standards in mind.  For example, the Bush Administration now requires that all geospatial data sets be compliant with FGDC standards. Quite a few products produced by the ESE are already compliant with these standards and King listed them. King pointed out the specific example of HDF-EOS, which is to be a standard data format, even if it doesn't seem all that popular with the Earth Science community.  NASA's activity with these organizations is coordinated through the Geospatial Interoperability Office (GIO) at GSFC.  All NASA ESE activities must implement these standards and any questions about how this can be accomplished should be directed to Myra Bambacus at the GIO.

DAY THREE: November 20, 2002

Session VI: New Findings with Forcings and Feedbacks in the Earth System—Berrien Moore, University of New Hampshire, Chair

Kingste Mo (Climate Predication Center) gave a presentation on Forecasting Seasonal Hurricane Activity in the Atlantic. The major factors that influence the occurrence of tropical hurricanes in the Atlantic are known to be decadal trends and the El Niño/La Niña. Active hurricane seasons are generally associated with low wind shear in the Atlantic basin and a dipole with positive anomalies in the streamfunction at 200 hPa over the North Atlantic. These findings form the basis to forecast the seasonal hurricane activity. Both the analogue method and the ensemble canonical correlation prediction method are used to forecast seasonal hurricane activity from August-September-October (ASO). There are three forecast designations that are used: above, normal and below normal. To determine a forecast, the conditions for the three-month period preceding ASO—May-June-July (MJJ)—are used as input.  Because both the decadal trend and El Niño are the same in MJJ as they are in ASO, the forecast skill using these techniques is quite high. In addition to forecasts of hurricane activity, the CPC also monitors the atmospheric and oceanic conditions in the Atlantic associated with the hurricane activity from May thru November. Satellite data are being used for monitoring these conditions including data on: infrared temperature, low level winds, water vapor flux, and outgoing longwave radiation.

J. Marshall Shepherd (GSFC) showed Evidence of Urban Influence on Rainfall Patterns. He noted that such studies do tie into the overall ESE strategy. Over 80% of the U.S. population lives in urban areas. Urban growth is continuing, particularly along coastal regions. The urban heat island effect is a well-documented phenomenon where temperatures in an urban center are considerably higher than the surrounding rural areas. This is the first study to use satellite-derived rainfall estimates to study the impact that urban areas have on climate. They use TRMM data in their analyses and study rainfall anomalies downwind of urban centers. The particular emphasis for this study was on Houston, Texas, however, Shepherd and his team are conducting studies in Atlanta, GA; Oklahoma City, OK; Tokyo, Japan; Johannesburg, South Africa; and Brasilia, Brazil. The vantage point of space allows for the analysis of multiple cities over a long period of time.  

Shepherd presented his hypotheses as to why this phenomenon might be observed. The research approach was to downscale. An area is defined as an “upwind control region” and a “downwind” (urban impacted) region. For Houston, the location of the downwind area moves throughout the year as the prevailing wind patterns change. A rainfall anomaly downwind of Houston does show up fairly distinctly in the TRMM data as well as in the rain gage data. Rainfall rates also appear to be higher over the city during the summer months. He showed evidence that this phenomenon is unique to the area around the city and not just an artifact of the sea breeze along the coast. Effort is now being directed toward improving the parameterization of the land surface in the Fifth-Generation NCAR/Penn State Mesoscale Model (MM5) model so it can be used to study this urban influence in greater detail. Shepherd emphasized that although this talk focused on results from Houston, these results have been reproduced in studies of other urban areas.  He ended by pointing to some future work that is planned as follow-on to this study. 

Menglin Jin (University of Maryland) presented on Assessing Human Impacts on the Climate System.  To open, she showed a series of maps showing the rather dramatic growth of the human population over the last few centuries. A motivation for her study is to better simulate urban areas in land surface models. This is a unique research opportunity. MODIS skin temperature provides useful tool to study many variables of interest to urban impact studies.

Jin spoke about the Urban Heat Island. He work is an attempt to separate human induced changes from natural changes. It is quite a challenge to figure out what areas should be classified as “urban” by relying on ground measurement alone. The issue comes into better focus when satellite data is added. Satellites allow for a global perspective of urban heat island impacts. Jin showed data that illustrates that most urban centers are in the Northern Hemisphere from 30 to 70 degrees. The skin temperature observed over urban areas tends to be higher than surrounding crop land. Also, the urban heat island influence tends to be more significant at night and in winter.

Urbanization also impacts surface properties, tending to reduce surface albedo and emissivity. It also changes atmospheric properties, impact aerosol optical depth and other important parameters.  Jin showed data that hinted that there might be a weekly cycle of optical depth that could be a strong signal of the human influence on climate. Optical depth seemed higher toward the end of the workweek and leveled off over the weekend. Certainly, much more work is needed to reach definitive conclusions. Future work will build on what has already been done.  

Lori Glaze (Proxemy Research) reported on the EOS Interdisciplinary Science Team's project "The Effects of Volcanism on the Environment".  She started with some recent photos from the Space Station of the showing the eruption of Mount Etna that demonstrate the wide dispersal pattern of an eruption plume.  This IDS study focuses on four different volcanoes: Kilauea in Hawaii, Masaya in Nicaragua, Poas in Costa Rica, and Stromboli in Italy.  Glaze pointed out that smaller eruptions that continue for extended periods of time (i.e., a low level of activity persisting for decades) are every bit as important as big eruptions like Pinutubo.  They significantly impact the lives of people around them.  Over the last seventeen years, Kilauea has released as much pollutants as Pinutubo did in a day or two.  These volcanoes are characterized by persistent low level emissions (at most a few thousand tonnes of sulfur dioxide per day) and there are significant health issues associated with these emissions.  A diverse interdisciplinary team, including geologists, meteorologists, ecologists, soil scientists and atmospheric scientists has as come together to study this and data from EOS missions is being used as part of the study.  Glaze proceeded to speak briefly about some of the activities at each of the fours sites mentioned above.

Kilauea. Measurements of SO2 column abundance from ASTER have been obtained and validated with in situ measurements. Optical depth measurements are also being taken on the ground to get a handle on how the SO2 is being converted to aerosols. She showed some pictures of the field activity at this site, which includes the development of a new lightweight instrument invented by the Team for gas measurements.  Glaze also mentioned that they are also trying to get a better handle on the meteorology of the region via the modification of the HY-SPLIT weather model so they can more accurately determine how ash plumes will be dispersed.  These predictions are then compared to MODIS observations for the Hawaiian Islands.

Masaya. Over 50,000 people live in the path of the plume of this volcano. They are trying to eke out an existence in the shadow of Masaya.  Research is conducted at this site including gas flux measurements, thermal monitoring of the active crater, high-temporal gravity studies to detect magma motion at shallow depth, soil chemistry studies and the analysis of plant stress via the use of hyperspectral measurements of plant foliage.  The team also runs weather simulations to get a better handle on plume dispersal.

Poas. As with the previous two sites, research is conducted in the so-called vegetation "kill" zone as well as on the crater floor.  Landsat spectral data are also used to determine the downwind impact of the gas on the vegetation. The team samples the vegetation in this area to see how it is impacted by the presence of persistent low-level volcanic emissions. This site is different from the other sites in that it currently has a water lake in the crater that tends to buffer gas emissions.

Stromboli. Once again, a full suite of measurements is taken to determine the output of the volcano and the impact of the volcanic gas on areas downwind.  A key difference between the experiments at Stromboli and the other sites is that it there are multiple active vents, so that more can be learned about the inter-connection of the conduits at depth.  An infra-sonics network augments the multiple satellite observations and field measurements of the thermal and gas flux taken at Stromboli and enables aspects of the geometry of the conduit to be determined.

Glaze closed by discussing some future plans and next steps for the program.

Matthew Hansen (University of Maryland) presented results from An Integrated Study of Global Vegetation Cover. He started with an overview of why global land cover studies are important. Accurate land cover is very important for global climate models, natural resource inventories, economic initiatives, and political issues. Hansen gave some perspective on global land cover. As with urban studies, the satellite vantage point is great asset for land cover studies. Global continuous fields of vegetation – percent cover – is indeed a very flexible tool that is able to preserve the land cover heterogeneity, is independent of strict classifications, and can be used to study change over time. 

Hansen showed a MODIS product depicting Vegetation Continuous Fields. He then showed a subset, which gave a more detailed look at a smaller area. Tree cover is the most mature MODIS product and is one layer of the continuous fields. 

Hansen discussed the problem of trying to assess the total amount of forest cover. To date the definition has been quite arbitrary. The amount of forest change is determined based on what the baseline is for defining “forest cover”. Every nation could have a different definition of what constitutes forest cover and so it is hard to reach a consensus. Continuous fields allows for a standardized way to determine the amount of forest cover on a global scale.  The technique also allows for unbiased change studies—automated determination of change instead of “expert” opinions. 

Hansen next spoke on the use of high resolution and very-high resolution data for these studies. Such data offers the opportunity for the first quantitative, consistent global estimates of forest cover. However, high-resolution data alone leads to data gaps, so some coarser resolution data has to be used as well. Hansen ended by briefly mentioning two applications for high-resolution data: Carbon flux studies and ecoregion level monitoring. 

Timothy Liu (JPL) presented some Recent Applications of Scatterometer Data. He reported that ADEOS II would put another scatterometer in orbit. The ADEOS II instrument will be identical to the one currently in orbit on QuickSCAT. Liu reported on results from three different studies. In the first study, he showed that rather than devastating lives and economy during landfall, typhoons at sea can enhance life through increasing biological productivity and taking-up carbon dioxide; these processes have significant impacts on local fisheries and on global warming. .  Observations from QuikSCAT, TRMM, and SeaWiFS are combined in this study.  In the second study, Liu showed results demonstrating extensive double intertropical convergence zones, using data from QuikSCAT and TRMM, and postulated two different mechanisms governing air-sea interaction.  In the third study, Liu reported on possible intra-decadal trends in global winds and meridional (north-south) heat transport in the ocean driven by winds
Max Suarez (GSFC) spoke about Land Surface Initialization for Seasonal Forecasts of Precipitation and Temperature. He began by looking at the science questions that this study attempts to answer, the approach used and progress to date. He referred to this technique as a “Poor Man’s” Land Data Assimilation (LDAS). It is an approach to study how soil moisture initialization affects seasonal forecasts. Suarez gave a summary of how the model improves with correct soil moisture. He did a model versus model comparison and also compared the model runs to actual data. He also discussed some potential error sources. 

Michael Jasinski (GSFC) presented an overview of The Cold Land Processes Experiment (CLPX), a two-year winter hydrology experiment taking place in the Rocky Mountains of Colorado. Funded primarily by the NASA Terrestrial Hydrology Program and EOS/AMSR, the experiment is being led by Don Cline of the NOAA Operational Hydrologic Remote Sensing Center.  The goals of this multi-scale, multi sensor experiment are:  1) to improve the understanding and prediction of regional scale cold season processes, focusing on the quantification of snow and ice, through a combination of modeling and remote sensing from ground, air, and satellite platforms; and ii) to develop new capabilities to measure snow and frozen ground properties using active and passive microwave remote sensing.  The ultimate goal is to develop the necessary database and test a range of sensors to eventually put together a proposal for an Earth System Science Pathfinder mission.  

Summary results were presented from the first two field campaigns that occurred in February (dry snow) and March (wet snow), 2002, involving numerous universities and agencies.    Ground and aircraft efforts were concentrated in three distinct "meso-cell" study areas: North Park (a flat region with little snow); Frasier (a mountainous region with moderate snow depth); and Rabbit Ears (a mountainous region with deep snow pack). Three aircraft participated in the study including the NASA DC-8 and P-3B, and the NOAA AC690.  Jasinski discussed details of the purpose of the various aircraft, sampling schemes, and how ground and aircraft measurements were taken.  Results were presented from Gamma and Microwave radiometry, radar polarimetry, and radar interferometry and how they compare to snow depth, snow density and snow grain size in the three meso-cell regions.

Two additional campaigns are planned for February and March 2003.  Field data will be analyzed in conjunction with AMSR-E observations obtained from the Aqua platform. Additional CLPX information can be obtained from: www.nohrsc.nws.gov/~cline/clp.html.

David Noone (California Institute of Technology) spoke on the Influence of Arctic Sea Ice on the Tropospheric and Stratospheric Circulation, the Polar Vortex and Ozone: An IDS Approach to Climate Change. He began with an overview of the issue. He showed Arctic sea ice concentration maps for winter and summer. The primary focus here is on the winter circulation. Sea ice modifies surface energy fluxes including latent and sensible heating and radiative transfer, particularly in the infrared. Noone showed model results that contrast Arctic conditions in the in summer and winter. He also showed results from a general circulation model simulation to indicate how the climate responds to sea ice removal. Temperature is higher in the lower troposphere and, consequently, geopotential height has increased under this scenario, and indicates a reduction in the strength of the polar vortex. The Arctic oscillation, which appears under current conditions, has increased zonal symmetry when sea ice is removed. Noone discussed the influence of variability in both the troposphere and stratosphere. He considered the response of ozone in the stratosphere to a removal of sea ice by examining the role of the dynamic driving. A weaker polar vortex, as predicted by the model, is coincident with reduced meridional overturning in the stratosphere. This provides less transport of ozone to the polar stratosphere and thus leads to a reduction in ozone concentration at the pole in winter. Noone ended by emphasizing the important role that EOS data is playing in this analysis. The long time-series of sea ice and ozone data is very important in this type of analysis because of the subtle nature of the climate system response.

Jean Dickey (JPL) presented on Recent Earth Oblateness Variations: Causes and Implications. She discussed the motivation for the experiment and showed observations of the time variable gravity field. Dickey discussed the concept of Postglacial Rebound (PGR). Essentially, this phenomenon is the result of the Earth’s response to the weight of glacial ice that accumulated during the last ice age being removed. This PGR phenomenon has been the main cause of the general downward trend in oblateness (departure from a spherical shape) that persisted until 1997. The trend has been a fairly linear rate of decline. Since 1997, however, research indicates that oblateness is beginning to increase, indicating that other sources must be contributing. The rate of change is no longer linear as would be expected if postglacial rebound were the only factor at work. 

Dickey reviewed a number of possible sources for this reversal in oblateness. Ocean bottom pressure studies reveal that the Tropical Pacific/Indian Ocean could be making a significant contribution to the observed departure from linearity. Most of remaining nonlinearity is accounted for by sub-polar glacier changes. The contribution of the atmosphere and of subsurface groundwater appears negligible. Dickey emphasized that gravity studies are a very exciting new tool to study climate change. Data from the GRACE mission is eagerly anticipated and is expected to contribute much to our understanding of climate. 

