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Science for Society:

Benchmarking the use of Earth System Science Results for Decision Support

Overview

The Earth Science Applications program of the NASA Earth Science Enterprise (ESE) benchmarks practical uses of NASA-sponsored observations from remote sensing systems and predictions from scientific research and modeling.  NASA implements projects through partnerships with public, private, and academic organizations.  These partnerships focus on innovative approaches for using Earth science information to provide decision support that can be adapted in applications worldwide.

The program focuses on applications of national priority to expand and accelerate the use of knowledge, science, and technologies resulting from the ESE mission of improving predictions in weather, climate, and natural hazards.  The approach is to enable the assimilation of Earth Science model and remote sensing mission outputs to serve as inputs to decision support systems (see Figure 1).   The outcomes are manifest in enhanced decision support and the impacts are projected to result in significant socio-economic benefits for each of the national applications.  NASA ESE has identified twelve (12) national applications (with partner federal agencies) that can be served by NASA aerospace research and development of science and technologies:

1. Enhanced weather prediction for Energy Forecasting (DOE, EPA)

2. Weather/climate prediction for Agriculture Efficiency (USDA, DOE)

3. Carbon sequestration assessment for Carbon Management (USDA, DOE)

4. Digital atmosphere and terrain for Aviation Safety for Transportation (DOT/FAA)

5. Early warning systems for air and water quality for Homeland Security (OHS, NIMA, USGS)

6. Environmental indicators for Community Growth Management (EPA, USGS, NSGIC)

7. Integrated hurricane and flooding prediction for Disaster Preparedness (FEMA, NOAA)

8. Early warning systems for vector-borne infectious diseases for Public Health (NIH, CDC)

9. Environmental indicators for Coastal Management (NOAA)

10. Environmental models for Biological Invasive Species (USGS, USDA)

11. Water cycle science for Water Management and Conservation (EPA, USDA)

12. Regional to national to international atmospheric measurements and predictions for 

Air Quality Management (EPA, NOAA)

NASA’s Vision and Mission

NASA’s vision starts with “to improve life here”. The Earth Science Applications program contributes to the NASA mission through the ESE mission to improve predictions in weather, climate and natural hazards by enabling and facilitating the assimilation of Earth observations and predictions outputs into decision support tools.  The purpose is to enhance the performance of the decision support resources to serve citizens. 

The initiative directly addresses NASA’s mission statements.

1. To understand and protect our home planet: Space-based measurements acquired by NASA Earth observing systems contribute greatly to our understanding and ability to forecast weather, climate patterns and natural hazards.  The NASA research results are applicable to improving aviation safety, homeland security, natural resource management, community management, and energy efficiency. NASA research is to used improve economic security, homeland security and national security. Through focused collaborations with other federal agencies, the Earth Science Applications program works with partners to benchmark the use of Earth science research results in decision support systems.  These partnerships enable NASA results to provide essential contributions to increase the quality of life in our world.
2. To explore the Universe and search for life:  Techniques used to harness Earth system science data and information for decision support systems can potentially demonstrate applications of observations and information technologies for the study of other planets. Comparative studies between our planet and others in the solar system are useful for developing new ways of understanding the evolution of our planet’s systems as well as assisting in the development of the next generation of observational systems for deriving new and useful information for exploration.

3. To inspire the next generation of explorers: Understanding how the Earth works and environmental awareness are topics that challenge and excite the youth of today. NASA’s ability to bring real scientific breakthroughs to youth through a variety of different venues opens doors for future scientists and engineers by creating excitement about studying the earth.  People are inspired by innovative means of solving important issues that affect our world and the realization that research and development of aerospace science and technologies can provide meaningful solutions to critical needs on Earth has proven to be very inspirational to people of all ages.  The Earth Science Applications program works closely with the Earth Science Education program to see that the results and successes of these various projects are communicated to the public.




Science and Technology Returns

In the process of benchmarking beneficial uses and applications for Earth science measurements and technology, the Earth Science Applications program is producing significant scientific and technological returns on the federal investment.  Activities are underway in each of the twelve applications of national priority.  For instance, in the area of community preparedness for disaster management, NASA is integrating science and technology to produce improved warnings and predictions of hurricanes, tornadoes, and other severe weather events, thus enabling more cost effective damage mitigation, emergency preparation, and subsequent emergency management with the Federal Emergency Management Agency (FEMA).  With regard to agricultural competitiveness, applications activities is working with the US Department of Agriculture to benchmark predictions of El Nino and La Nina events on our Nation’s farmlands.   Technologies are being improved to monitor and assess the health and condition of crops and forests around the globe.  In aviation safety, measurements and predictions from our weather and environmental satellites are being integrated with other traditional aviation weather information.  These are just a few examples of how the NASA works through partnerships to utilize science and technology to serve society.

Benefits to society

The 12 applications of national priority were identified using a specific set of criteria including the consideration of potential socio-economic return, application feasibility, appropriateness for NASA, and partnership opportunities (The Earth Science Applications Plan is located on-line at http://www.earth.nasa.gov/visions).  The benefits of the program to national needs and societal benefits are significant by design.  Examples of NASA contributions include recovery support to events such as the World Trade Center, Hurricane Andrew, Montana wildfires, Hawaiian tsunamis, the Mount Etna volcano erupting, lost aircraft in Montana and California, floods on the Mississippi River.  These capabilities have provided critical damage assessments and determination of secondary impacts.  

NASA and NOAA researchers have shown that remotely sensed wind speed and direction from QuikSCAT can help detect tropical depressions and hurricanes up to 46 hours earlier than current methods.  Hurricane cloud monitoring and wind profile and prediction products from scatterometer (QuikSCAT), Special Sensor Microwave/Imager (SSM/I), Topex/Poseidon, Shuttle Radar Topography Mission (SRTM), Landsat, Atmospheric Laboratory for Applications and Science (ATLAS), and the Sea-viewing Wide Field-of-View Sensor (Sea WIFS) contribute to predicting candidate locations for hurricane landfall and surge, and provide assessments of damage and secondary impacts.

The potential socioeconomic benefits of many of these applications are significant.  By minimizing unnecessary emergency evacuation measures, improved hurricane predictions provide as much as $40 million in cost savings for the Nation for each event.  The value to our agriculture industry of a “perfect” El Niño forecast is said to be $320 million per year.  Similarly, improved weather forecasting can save as much $8 million for individual energy companies by enabling utilities to better plan for anticipated energy requirements.

As only NASA can….

NASA, with its systems engineering experience, is uniquely positioned to benchmark practical uses of NASA observations from remote sensing systems and predictions from scientific research.  NASA contributes the initial research and development of aerospace science and technology, and then supports the applications through partnerships with public, private, and academic organizations.  These partnerships focus on innovative approaches for using Earth science information to provide decision support information that can be adapted in applications nationwide.  NASA recognizes the organizations with the appropriate information infrastructure to apply NASA results from Earth science to meet observational needs to help manage forest fires, coastal environments, agriculture, impacts of infectious diseases, aviation safety, and hurricane forecasting.  

Global Drivers

The Earth Science Applications program is recognized as being very timely given the explicit recognition in the Administration and Congress of the value of using Earth Science knowledge to enable and facilitate decision support systems in the public and private sector.  On June 11, President Bush announced the establishment of the U.S. Climate Change Research Initiative (CCRI) to study areas of scientific uncertainty and to identify priority areas where investments can make a difference.  The CCRI promotes a vision focused on the effective use of scientific knowledge in policy and management decisions, and continual evaluation of management strategies and choices. This strategy emerged from a common agreement on priority actions to be taken and is aligned with the National Academy of Sciences recommendations presented in the June 2001 Academy report, entitled “Climate Change Science: An Analysis of Some Key Questions.”  Most relevant here, one of the aims of these proposed actions is to develop research and data products that will facilitate the use of scientific knowledge to support policy and management decisions.  Congress is also recognizing the importance of the NASA applications program; with various bills promoting specific applications research and development to which NASA can contribute.  For instance, the pending “Remote Sensing Applications Act of 2001” (H.R. 2426) authorizes grants for benchmark projects in areas such as agriculture, weather, and forest management.  
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