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APPENDIX A

Research and Applications Opportunities in the Solid Earth and Natural Hazards program

Proposals are accepted in response to the following scientific questions and applications topics. Researchers are encouraged to cite within their proposal and abstract the program components that the research will address and its relevance to NASA’s research and applications strategies as a guide in the processing and decision making process. NASA does reserve the option to assign proposal reviews to other programmatic elements according to its strategic goals.

A. Geodynamics: What are the dynamics of the Earth and the Earth’s interior, and what information can be inferred about Earth's internal processes?
1. Geopotential Field Studies: The SENH program benefits from a number of collaborative missions with international partners to provide GPS remote sensing, gravity and geomagnetic field measurements. These missions include the U.S.-Danish Ørsted, the U.S.-South African Sunsat, the U.S.-German CHAMP, the U.S.-Argentine Satelite de Applicaciones Cientificas-C (SAC-C), and the U.S.-German Gravity Recovery and Climate Experiment (GRACE). Appendix B provides a list of URLs where these missions and data access options are defined. This announcement encourages the submission of proposals for the analysis of these data sets. An emphasis of this announcement is the selection of a GRACE science team for the development and verification  of static and dynamic gravity models for the GRACE Earth System Science Pathfinder (ESSP) mission.

Three advanced gravity missions are scheduled for launch this decade. These are CHAMP (launched July 15th, 2000), GRACE (to be launched in 2002) and ESA’s Earth Explorer Gravity Field and Steady-State Ocean Circulation (GOCE)  (in the planning stage). The gravity field and geomagnetic fields are formally and theoretically related to changes in earth orientation and the terrestrial reference frame because temporal changes in the gravity field and geomagnetic secular variation are manifestations of changes in mass distribution within the solid Earth, oceans, cryosphere, and atmosphere. Furthermore, both gravity and earth orientation measurements complement studies of mass transport that are obtained by other methods such as general circulation, hydrology, earthquake, and magnetohydrodynamic models. 

GRACE ESSP Data Analysis and Research Investigations: The GRACE (Gravity Recovery And Climate Experiment) Earth System Science Pathfinder mission is an innovative and advanced technology mission to measure the static and time varying components of the gravity field. The Earth’s gravity field observed from space is largely a consequence of the mass distribution within the Earth system. Changes in the gravity field are a consequence of the movement of mass within the Earth system. Therefore measurement of the changes in the gravity field will provide us with a clearer vision of the dynamics of the Earth system and its individual components. The GRACE mission is currently scheduled for launch 2002. It is expected that data from the GRACE mission will become available in mid to late 2002. The GRACE project team expects to produce complete high resolution gravity field models at spherical harmonic degree and order exceeding 100, every few weeks. The GRACE data set should permit inferences about changes in equivalent surface loads of less than 1 gm/cm2 with a spatial resolution on the order of a thousand square kilometers or better. The GRACE mission is a multidisciplinary program with expected contributions to solid Earth science, cryospheric science, physical oceanography, continental hydrology, and atmospheric sciences. The high resolution static and temporal gravity field will provide unique opportunities to study global circulation, and hydrologic transport, the internal structure and dynamics of the Earth, and might contribute to the mitigation of flooding and drought through a better understanding of the regional distribution of water.

This NRA seeks proposals to support the development of new data analysis methods, and models leading to the widest exploitation of gravity field observations to be made by GRACE for the study of a broad range of cross disciplinary Earth system science issues. Due to the extreme sensitivity of the GRACE measurement technique, ground calibration of the mission is problematic. Validation of both the global and regional gravity signals determined by GRACE will be of considerable importance. This NRA therefore seeks proposals which provide unique measurements and predictive models for the static and time varying gravity field which can be used to verify the GRACE space-borne observations. Proposals are encouraged which are multidisciplinary in scope and which address the Earth System Science questions defined in the Science Research Strategy. We seek improved models for the static gravity field, and its short term and secular variations and their influence upon the terrestrial reference frame. We seek proposals for the separation of signals due to atmospheric, hydrospheric, cryospheric and solid Earth mass fluctuations which are likely to influence the GRACE observations. The analysis effort can include other data sources which complement the GRACE measurements such as Earth rotation and temporal and static gravity field measurements, and other innovative approaches including the use of data from other satellite missions such as CHAMP and Laser Geodynamics Satellite (LAGEOS) gravity, Topex-Poseidon, Jason, and IceSat altimetry, and the Shuttle Radar Topography Mission (SRTM). 

Geomagnetic Field Studies: The SENH program supports a number of current and past missions to measure the Earth’s geomagnetic field. The Magsat, Ørsted, CHAMP and SAC-C satellites provide a rich resource for the study and applications of the geomagnetic field. One requirement of the geomagnetic field program is the separation and modeling of magnetic sources both internal and external to the solid Earth. The objective in the modeling of the external field is to improve the resolution of the structure and dynamics of the solid Earth system. The ionosphere for example generates a significant signal within the observed magnetic field that both limits the resolution of the Earth’s lithospheric field but this ionospheric signal can also be used to sound the Earth’s interior utilizing space based magnetotelluric techniques. The Oersted, CHAMP and SAC-C missions combined with developing global and regional networks of GPS receivers provide a vast new resource for the study of ionospheric dynamics related to this external geomagnetic field signal. Proposals are encouraged which seek to utilize these new data sets to better understand the structure and dynamics of the solid Earth through improved separation of field components and the resolution of ionospheric dynamics related to vertical motions of the Earth’s surface. This NRA seeks proposals for magnetohydrodynamic models of core processes, magnetic anomaly analysis related to the temporal and spatial variability of the internal component of the geomagnetic field, the development of space-borne magnetotelluric sounding techniques, separation of sources and comprehensive models of the geomagnetic field, and space-borne magnetometer design. 

The Division of Earth Sciences at the National Science Foundation has offered to review and possibly co-fund some proposals which utilize geomagnetic satellite data. The review process for these proposals will be coordinated with the National Science Foundation Geophysics Program. It is anticipated that NSF cost share and fund on the order of $500,000/yr for three years in support of selected proposals in geomagnetic field research. 

Definition of the Oersted, CHAMP, and GRACE Science Data Analysis: The Science Investigations selected in this solicitation will join the current GRACE Science Team. The GRACE science team members and other investigators selected via this NRA for the conduct of gravity, geomagnetic, and GPS research will also be nominated as members of the Oersted, CHAMP and SAC-C science teams according to the nature of their projects. These membership designations allow NASA to request access to the data sets of these satellite missions for these science teams as per Memoranda of Understanding between NASA and its international partners supporting these missions. 

2. Earth Rotation and the Terrestrial Reference Frame: A significant component of the Geodynamics theme is the determination and study of earth rotation and the terrestrial reference frame and the attendant space geodetic techniques. The SENH program plays a leading role in the development of the space geodetic technology, the global networks for geodetic GPS, VLBI and SLR systems, and the analysis techniques associated with these data.  Earth rotation (including length of day, polar motion, precession and nutation, and geocenter location) is a fundamental description of the Earth and provides unique information on the change in mass distribution within the Earth system over all observable time scales. This component of space geodesy is critical to understanding the internal dynamics of Earth and the interaction of the solid Earth with the atmosphere, oceans and cryosphere. Changes in angular momentum provide information on the mass transport within the Earth System and the frictional drag forces between the various components of the system. There is therefore a formal and theoretical link between changes in the rotation of the Earth, static and dynamic gravity and the geomagnetic field. 

The terrestrial reference frame is critical to understanding the dynamics of the Earth’s surface and the correct positioning of many physical measurements taken upon the Earth’s surface including sea level change, crustal deformation, volcanic inflation, ice surface, and coastal zone or flood plain topography and change. Geographic Information Systems rely upon an accurate and up to date Terrestrial Reference Frame as they take on an increasingly important role in the depiction and analysis of scientific, civilian, and military data. This increasing reliance upon space geodesy will continue. Geodetic science and technology must keep ahead of societal requirements in the accuracy of the reference frame and the improvement in related technologies. The area of geodesy and associated positioning technology is a candidate for applications related research and development. Proposals for continuation of current studies and innovative new techniques in the measurement and analysis of Earth Rotation and related space based techniques are encouraged. 

B. Topography and Surface Change: How  is the Earth’s surface being transformed and how can this information be used to predict future changes?  

The Topography and Surface Change theme seeks to characterize, understand, and predict (model) the forces and responses which shape the Earth’s surface and to apply that knowledge to the study of natural hazards and the improvement of disaster management decision making. 

This NRA encourages submissions which study the application of airborne and space based techniques which utilize or build upon existing NASA capabilities to support the study of natural hazards. Natural hazards investigations, while grounded in earth science research and listed here under the Topography and Surface Change research theme, may involve research, applications development, or a combination of research and applications development. NASA’s mission is to lead the development and application of space-based technologies. Proposals involving InSAR and geodetic GPS technologies are encouraged but must show exceptional promise of advancing our understanding of, demonstrating the practical use of, or significantly improving these new technologies for geodetic measurements and monitoring of the Earth’s surface for the development of disaster management tools. Of significant interest are applications for the capabilities of the Southern California Integrated GPS Network (SCIGN) and similar GPS networks, the SRTM topographic data base, and Light Detection and Ranging (LIDAR) mapping technologies although proposals need not be limited to these systems. In a joint resolution NASA, the Russian Academy of Science and the Russian Space Agency have identified as natural laboratories for crustal dynamics and volcano research the Western U.S., Tien Shan Mountain region of Southern Asia, and Kamachatka-Kuril-Aleutian region of the Northwestern Pacific. Proposals which build upon and utilize existing infrastructure or data acquisition capability in these regions are encouraged.

GPS field campaigns and permanent GPS stations are effective tools for studying the temporally-continuous nature of deformation related to tectonics, sea level change, earthquake hazards, ground subsidence, and other phenomena. NASA supports global GPS infrastructure through the IGS (International GPS Service), and regional GPS infrastructure through the SCIGN array in Southern California and other GPS networks. NASA also supports the development of INSAR as a tool for spatially-continuous remote sensing of deformation as an observation technique complementary to surface GPS receivers.   The aim is to understand the spatial and temporal variability in strain accumulation for active tectonic regions in order to better understand for example, mechanisms of deformation and the earthquake cycle or the predictability of volcanic eruptions. Both airborne and space based LIDAR systems in conjunction with radar, hyper and multi-spectral optical techniques are emerging as high precision topographic mapping tools as well as effective systems for the estimation of surface geology and biomass. 

1. Natural Hazards: One of the goals of Topography and Surface Change research is the prediction of surface change which will lead to the reduction of risk associated with natural hazards and losses associated with natural disasters. The research-to-applications objective of NASA’s SENH program provides for the development of techniques and their demonstration through to the implementation of operational systems. 

The extreme events which pose as natural hazards to society often provide unique insights into the physics of earth processes and therefore advance our predictive capabilities. A discussion of some of these extreme events follows:

a. Earthquakes: Earthquakes pose a significant challenge to modern society from the loss of life, the disruption of economies, to the allocation of resources for mitigation and response. Space based techniques such as GPS networks, InSAR, and multi or hyperspectral imaging now offer an unprecedented view of the earthquake cycle and previously unobserved dynamics of the Earth’s crust. NASA’s long term goal is to develop forecasting techniques for earthquake risk on time scales short enough for the useful mitigation of the earthquake hazard.  This NRA encourages proposals that develop techniques which contribute to a better understanding of crustal dynamics for the mitigation of earthquake risk and the response to earthquake related disasters. 
b. Coastal Hazards: The near-shore coastal environment is subject to geologic, ecologic, oceanographic and meteorologic factors which can lead to extreme storm surges, regional subsidence, flooding, erosion, and regional bathymetric changes due to sediment redistribution.  Sea level change also poses a long term hazard to the coastal zone. The measurement of global sea level change is recognized as a challenging and significant multidisciplinary problem. This research announcement solicits interdisciplinary proposals which make use of space-based and airborne observations to determine the rate and acceleration of global sea level change and the impact of sea level change and severe storms on the coastal environment.  Examples of space-based observations include GPS vertical control of tide gauges, satellite and airborne topography and related coastal zone measurements.

NASA seeks to establish a few pilot studies which utilize space based or airborne technologies to further our understanding of coastal processes, assess the risk and evaluate and understand geomorphic effects of seasonal and extreme storms, and to assess the potential effects of sea level change and land subsidence on the coastal environment. Geodetic technique development aimed at more accurate measurement of sea level change is also encouraged.
c. Flooding: Of all natural hazards, floods consistently rank among the highest in terms of property damage and loss of life, both nationally and internationally.  Despite improved understanding of weather and its predictability, and the existence of sophisticated flood warning systems, flood losses continue to rise. Recent and planned missions such as SRTM, GRACE, ICESAT, and Shuttle Laser Altimeter (SLA-1,2,3) space-borne and airborne radar, lidar and imaging systems can provide more accurate and complete information critical to improvement of flood risk and vulnerability assessment, response, and consequence and impact assessment.

Opportunities exist for reduction of flood hazards through two broad strategies: a) improved estimation of flood risk; and b)  improved real-time forecasting of floods, and associated warning strategies.  Both efforts will be aided by better scientific understanding of the watershed and flood plain as an integrated system. Proposals that utilize NASA data in flood plain modeling and flood forecasting are particularly encouraged.  Proposed work should focus on remotely sensed or derived parameters such as precision topography, land cover and land use dynamics, recent regional and temporal rainfall history, soil moisture, snow cover (and water equivalent), and snow melt.

It is expected that research and developmental activities will constitute the central focus of this activity, and all proposals are expected to have a strong science focus; for example, they should develop or use information about the physical mechanisms that lead to floods, rather than just describing flood events. Strong emphasis should be placed on the utilization of recent and planned Earth Science space-borne and airborne missions. Cooperation with disaster management practitioners such as FEMA and/or local/regional flood management agencies, are considered appropriate and encouraged.  These studies should aim to determine the utility and limitations of key remote sensing parameters and/or time series observations for improved monitoring, forecasting of the locations and severity of flooding, and/or assessing the vulnerability to flooding in watersheds.
d. Landslides: NASA’s aim is to better understand both landslide processes, including initiation and propagation of slides in different geological, geographical, and meteorological settings, and increased risk of landslides that may result from changes in rainfall and soil moisture. NASA encourages the use of remote sensing data for assessment, mitigation and warning of landslide risk and vulnerability assessment, response, and consequence and impact assessment. These efforts will benefit from improved knowledge of hillsides as integrated, dynamic systems. Proposals are encouraged which have a strong research and development focus aimed at the physical mechanisms that lead to landslides. Research and applications development in the area of land subsidence will also be considered under this category.

e. Volcanic Hazards:  Many volcanoes experience changes in the days to months prior to eruption, in surface deformation, seismicity, gas and thermal flux.  Of the 600 or so active volcanoes, less than 20% are monitored, even with rudimentary surveys, due to their logistical or hazard-related problems.  Remote sensing and space geodetic systems can be the only practical means of acquiring data to study volcanoes and monitoring their activity.  

New capabilities to monitor eruption precursory activity at a volcano are under development at NASA.  These techniques include remote sensing of thermal and gas fluxes, and the measurement of ground deformation using space geodetic techniques such as GPS arrays and InSAR.  Co- and post-eruptive hazard assessment and monitoring techniques involving the use of remote sensing, and digital topographic data are also ongoing.  A reasonably broad range of related investigations has already been funded under previous announcements, and NASA is likely to support only a few new highly innovative proposals in this area.  Topics of specific interest to this solicitation include the use of remote sensing and geodetic techniques to understand the geologic controls on eruption processes, determination and understanding of eruption recurrence intervals, the nature and dynamics of magmatic plumbing systems, lava/ash emplacement and remobilization processes, and the consequences of volcanic eruptions on short term climatic phenomena. 

f. Wildfires: Within the United States over the last decade, wildfires have grown substantially in importance as a major natural hazard. The catastrophic fires of the summer of 2000 dramatically illustrated the magnitude of the problem, with over 10 million acres burned over an extended fire season. It has become obvious that, in many areas, the effectiveness of fire supression efforts of previous decades is partly a cause of the problem. The intense El Niño of 1997-98 led to major wildfire devastation on all continents except Antarctica. In tandem with the growing importance of the phenomena over the last decade, NASA's space-borne and airborne systems have made great strides developing capability to characterize wildfire location and intensity. In addition sponsored research projects within NASA’s Land Use and Land Cover Change program have yielded much new knowledge concerning the phenomenon and its impacts, across a variety of time and space scales.

NASA encourages the submission of proposals which address the development of tactical models for wildfire development utilizing local weather conditions and topography, and development of short-term regional vulnerability assessment. Other methods we wish to advance include the use of geophysical parameters observed or inferred from sources that include remote sensing (e.g. Normalized Difference Vegetation Index (NDVI) for fuel load estimation, classification techniques for vegetation type, soil and plant moisture estimates  for fuel hydration, and meteorology). Cooperation with operational organizations with responsibilities in these areas is strongly encouraged. Proposals should demonstrate the utilization of NASA derived data sets and resources.

2. Applications of SRTM and GPS networks: As discussed above, the SRTM mission and the SCIGN network are examples of SENH programs which will begin providing significant new data sets in the coming year. Each has been the subject of previous solicitations however the importance of both the space topography and the new GPS networks is sufficient to again encourage the submission of new or renewal proposals to exploit these resources. 

a. Shuttle Radar Topography Mission Data Analysis: NASA in cooperation with the National Imagery and Mapping Agency, German space agency (DLR) and the Italian space agency (ASI) cooperated in the Shuttle Radar Topography Mission. Launched on February 11, 2000 the SRTM provided L Band and X band topographic radar mapping for over 80% of the Earth’s surface between approximately 60˚ N Latitude and 57˚ S Latitude.  For more information, please see http://www-radar.jpl.nasa.gov/srtm. The data processing is proceeding according to schedule with significant data availability to the research community in 2002. It is recognized that the release of SRTM data has been delayed however it is expected that SRTM data will become available within the first full year of funding (2002) for this NRA. Submission of renewal proposals for those selected in the SENH99 announcement are encouraged to maintain continuity of research and applications projects but these renewals will be reviewed and evaluated without  preference  over other proposals. 

This research announcement particularly encourages proposals for the development of end user applications using SRTM data, collaborations with government and civilian user communities is encouraged. Cost sharing in the end user applications is a strong requirement of the Applications Program for selected projects. NASA will also consider proposals that address SRTM radar phenomenology and data/product characterization, verification and validation, and enhanced processing techniques. SRTM data validation studies may propose field and/or aircraft campaigns as necessary although the use of existing or leveraged data sources such as other remote sensing space-borne or airborne data sets is strongly encouraged. 

b. Southern California Integrated GPS Network and similar geodetic networks: The SCIGN network deployment was completed in July, 2001. This NRA seeks proposals to develop both research and end user applications for SCIGN and other GPS geodetic networks in natural hazards research, disaster management and other governmental and civilian applications. Although investments in new hardware may be supported, this investment will be limited to enhancements of existing networks and should focus upon the development of new technologies and information systems which increase the utility of GPS data networks to research or disaster management activities such as real time data transfer, higher accuracy, integrated modeling etc. Applications of regional GPS networks to studies in the geodynamics theme areas such as the study of ionospheric disturbances related to seismic or geomagnetic phenomena are encouraged.

C. Disaster Management and Natural Hazards Applications:

This NRA seeks to apply the knowledge, data, and technology derived from the Solid Earth sciences and other ESE research programs to the study of natural hazards and the management of natural disasters. This NRA also welcomes innovative applications of NASA developed capabilities to assess risk and provide disaster management tools for human induced disasters such as the attack on the New York City’s World Trade Center. Implementation of the program involves the use of primary information derived from remote sensing, in situ measurements, and comprehensive models for the purpose of improving decision-making by commercial enterprises, public agencies, public and private organizations, and/or the general public. Applications development projects solicited through this announcement should draw upon data sets, technology and science derived from the ESE sponsored research and development, including, but not limited, to the Solid Earth and Natural Hazards program. 

Applications proposals in disaster management and natural hazards may address any of the natural hazards described in the previous section and may also consider manmade disasters of appropriate scale, the impacts of climate variability on hazards and disasters, as well as the impacts of severe storms.

The proposed applications activities may extend work already completed or proposed or drive new investigation activities. In either case, the proposed applications projects will provide a methodology through which specific outputs from ESE research and development can be used to derive information products and services for practical use in the field of disaster management and/or natural hazards/disaster management decision support.

Specific disaster management task categories include risk and vulnerability assessment, response, and consequence and impact assessment. These tasks may be combined; applications respondents to this NRA must identify the task category. Applications respondents should also identify the phase of applications development that the proposed investigation applies to: applications research, applications validation, or applications implementation. Investigations may span multiple phases of development. In addition, all proposals should clearly define the new information goods and services of practical value to be produced, or innovative new uses for data, information or technology to be investigated.

Descriptions of currently sponsored or recently completed sponsored applications projects in this area can be accessed at http://www.earth.nasa.gov, under the "Practical Applications" hyperlink. Many of these studies are funded by or co-funded with the research division. The ultimate assignment of a grant to either research or applications support will be determined by NASA.

As described above, in order to qualify for funding, applications proposals must utilize NASA-developed data, information, services, or technology. Applicants should not limit their investigations to these resources, however, and are strongly encouraged to also utilize resources derived from the commercial sector, such as remotely sensed data, other geo-spatial information, and commercial software/models/modeling tools. The involvement of the commercial sector, where appropriate, is encouraged.
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