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On March 29-30, 2004, the Space Policy Institute held a workshop focused on 
two primary topics:  
• Exploring the socioeconomic value of terrestrial and space weather information and 

forecasts derived from current and future satellite systems; and  
• Understanding the process by which new developments in weather and climate 

forecasting reach actual users in the electric energy industry.  
This event provided a forum for communication and interaction among researchers, 
providers, and users of weather information. Participants included representatives from 
industry, NASA, NOAA, and the university community (Appendix A).  

Numerous studies, including those performed at the Space Policy Institute, have 
pointed to the value of satellite-derived terrestrial weather information as a factor in 
improving industrial performance.1 Industries such as energy are particularly sensitive to 
weather uncertainties. More accurately measuring the economic value of the contribution 
of these satellites would help in guiding federal policy toward this and many other 
weather dependent sectors, including agriculture, recreation, water resources and the 
general public. Advances in technology promise to improve significantly the quality of 
weather information. Hence, NOAA and NASA have considerable interest in learning 
directly about the use of their information products from industry and value-added 
information providers.  

Calculating the economic value of information is always difficult and in this 
regard weather information is no exception. Valuing potential future information 
products presents an even greater challenge than assessing available current and historical 
information.  
 Space weather caused by X-rays and high energy particles released during solar 
storms also affects many sectors of the economy, including electric energy industry 
operations. In recent years the nation has increased its reliance upon highly sensitive 
electronic components in commercial and civil satellites, and avionics. All of these 
systems can be damaged or destroyed by powerful solar storms unless measures are taken 
to monitor the sun and predict when damaging solar storms are likely to occur. Large, 

                                                 
1 Ray A. Williamson, Henry R. Hertzfeld, Joseph Cordes, and John M. Logsdon, “The Socioeconomic 
Benefits of Earth Science and Applications Research: Reducing the Risks and Costs of Natural Disasters in 
the USA,” (with) Space Policy 18: 57-65, 2002; Henry R. Hertzfeld, Ray A. Williamson, and Avery Sen 
“Weather Satellites and the Economic Value of Forecasts: Evidence from the Electric Power Industry,” IA-
03-IAA-3.1.03. Presented at the 54th Annual International Astronautical Congress, Bremen Germany, Sept. 
28-Oct. 3, 2003. 
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highly interconnected electric power grids operating at higher voltages are also at risk.  
Over the years, grids have grown much more vulnerable to serious service disruptions 
from solar storms. The most acute service disruption to the industry occurred in March 
1989, when geomagnetically-induced currents (GICs) from an intense solar storm 
precipitated a blackout of Canada’s entire Hydro Quebec grid. Six million customers 
were out of power for about 9 hours. The storm caused some $13 million (U.S.) in direct 
damage and many more social and economic costs to its customers. Without power, most 
customers had few ways of learning why the failure occurred and how to plan for their 
immediate schedule and needs, which was a considerable source of anxiety. Recent 
research suggests that the additional currents generated by GICs also have an untoward 
economic impact on the price of electric energy, even if they do not cause direct 
disruptions. In the future, space weather forecasters hope to be able to deliver forecasts 
that could help electric grid operators reduce the economic impact of GICs, whether from 
service disruptions or not. 
 Researchers have recently noted many parallels between the development of 
terrestrial weather forecasting and that of the still embryonic space weather forecasting 
efforts. Although space weather’s effects on the electric energy industry are different in 
origin, they can contribute to service disruption and also the industry’s economic losses. 
Hence, this workshop also included a panel on space weather in the expectation that cross 
fertilization of ideas from various perspectives will be of interest and utility to all 
participants.  
 In general, more accurate forecasts are desirable. However there are finite 
resources available for R&D and there may be near-term limits set by existing 
instruments and technology. It is therefore important to address research and operations 
priorities: which investments will yield the greatest results. The potential return on 
investment will likely differ from technology to technology and application to 
application. Hence, we cannot ignore the opportunity cost of devoting resources to the 
development of one system over another.  
 In order to ensure that investment decisions are consistent with the relative 
benefits of particular technological developments, it is essential to establish stronger 
communication links among NASA, NOAA and the end users of weather information. 
Industry studies should be viewed alongside technical studies. Such cooperative 
knowledge sharing permits better understanding and validation of study results on both 
sides. NASA and NOAA benefit through a greater knowledge of the needs and limits of 
those who use the information they provide. End users of information benefit through 
acquiring greater understanding of the capabilities of current and next generation data 
products to suit their needs; this information could influence future technical and 
scientific choices. Hence, this workshop was designed to increase the knowledge base of 
both satellite operators and the energy industry information end users about each others’ 
capabilities, interests, and needs. 
 The electric power industry tends to focus more on the quality and accuracy of its 
electricity load forecast and related models that they are inherently capable of rather than 
on the quality of the weather information used as inputs to these models. The industry 
generally regards weather information obtained from an external source as something 
over which the industry has little control. However, NASA and NOAA are interested in 
improving the utility of their forecasts through better understanding of the needs of the 
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end user of weather information. They welcome input from the industry. They also 
appreciate the chance to explain their development goals to industry. 
 The following paragraphs briefly summarize the workshop presentations and 
discussion. The presentations themselves can be found under Reports at 
http://www.gwu.spi.  
 
GOES and GOES-R Contributions to Weather and Climate Information—Gerald 

Dittberner, NOAA-NESDIS 
Dr. Dittberner reviewed the GOES program and highlighted the goals of the 

future GOES-R program. He noted that except for the detection of volcanic activity, all of 
the GOES products directly serve the electric power industry in some way. Even 
detection of volcanic activity would be useful for power plants and transmission lines in 
the vicinity of volcanoes. The planned GOES-R sensors will provide significant 
improvements over the current sensors and lead to major improvements in data products. 
In particular he referenced the Hyperspectral Environmental Suite (HES) instrument, 
which will provide sharply improved atmospheric soundings, severe weather warnings, 
and be capable of 300m resolution images of coastal waters and improved height 
assignment of winds (via air moisture). He also noted significant improvements in the 
planned Advanced Baseline Imager, which will allow sharper image resolution, at more 
spectral bands, acquired more often.  

GOES-R will also carry improved space weather instruments, including an 
advanced Solar X-Ray Imager. NOAA is also considering placing a solar coronograph on 
the GOES-R series satellites and is now working with industry to refine instrument 
specifications and the overall architecture and acquisition approach to both instruments. 

In regard to data product requirements, Dr. Dittberner noted that the source of 
such requirements is “an ever-expanding universe” with internal NOAA needs at the 
center, followed by requirements of 4-5 other federal agencies in the next tier, then those 
of academia, industry, and the general public on the periphery. He emphasized that 
NOAA welcomes these latter groups to submit their own environmental information 
requirements. 
 
GOES-R SYSTEM GOALS (for 2012) 
• Maintain continuous, reliable operational environmental, and storm warning systems to protect life and 

property 
• Monitor the Earth’s surface and space environmental and climate conditions 
• Introduce improved atmospheric and oceanic observations and data dissemination capabilities 

(increased spatial, temporal, and spectral resolution) 
• Develop and provide new and improved applications and products for a wide range of federal agencies, 

state and local governments, and private users  
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GOES-R SYSTEM TERRESTRIAL WEATHER DATA PRODUCTS 
• Atmospheric Temperature and Moisture Measurements 
• Water Vapor Imagery 
• Cloud Supplement for Automated Surface Observations 
• Precipitation Estimates 
• Cloud Motion and Water Vapor Winds 
• Fog Detection 
• Moisture Profiles 
• Volcanic Detection 
• Tropical Storm Bulletins 
• Snow and Ice Analysis 
• Broadcasting weather charts and images 
• Fire Detection and Monitoring 
• Lightning Detection 
 
GOES-R SYSTEM SPACE WEATHER PRODUCTS 
• Solar Imagery 
• Solar and Galactic Protons 
• Solar Flux: Extreme Ultraviolet (EUV) 
• Solar Flux: X-Ray 
 
 
 
NPP and NPOESS contributions to Weather and Climate Information—Stanley 

Schneider, NPOESS Integrated Program Office  
 Mr. Schneider presented the primary characteristics of the NPOESS satellites and 
the data that they will provide. The NPOESS sensors will provide data incorporating 
many of the characteristics of data now being generated by the NASA research sensors 
(though at reduced levels of detail, radiometrically and/or spatially). Compared to the 
current POES system, NPOESS and its precursor satellite NPOESS Preparatory Project 
(NPP), will provide much improved data on ocean surface temperature, soundings, etc. 
They will also provide improved measurements of space weather conditions at moderate 
altitudes, which among other things will contribute to improved space weather models.  

The NPOESS team expects to be able to reduce the time of data transfer (from 
orbit to user) from the current 3 hours down to 30 minutes. Toward this end, Mr. 
Schneider noted the success and cost-effectiveness of the Safety-Net program – a 
collaborative venture between Northrop Grumman and AT&T – which utilized a network 
of downlink stations around the world linked to central data collection/distribution 
stations via fiber-optic cable.  

As for the capabilities of NPOESS sensors and the nature of Environmental Data 
Records (EDRs) that are kept, requirements flow through the three government agencies 
that are cooperating on this mission: NOAA, NASA and DoD. According to Mr. 
Schneider, there are no “town hall meetings” that include user groups in deciding upon 
data needs; EDR particulars stem from the explicit needs of these three federal agencies, 
which in turn serve constituencies in state and local governments, universities, and 
industry. The latter provide considerable input to the overall data and information 
requirements process. 
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Improving Future Forecasts: Satellites, Data Assimilation, and Modeling—Marshall 
Shepherd, NASA Earth Science Enterprise 

 Although the data products from NOAA’s satellite systems can be used directly in 
many electric energy applications, forecasts require the integration of these data into 
models. Dr. Shepherd reported on NASA’s efforts not only to use its resources in the 
development of new data sources from satellite sensors but also to learn how to assimilate 
these data into weather and climate forecast models. Among other things, researchers 
focus attention on the types of data to be assimilated into models and on the scale and 
resolution of the models. NASA scientists work closely with NOAA forecasters in 
developing appropriate, utilitarian forecast models. Such research leads to greater 
accuracy in weather forecasts and assists in the development of better climate models. Dr. 
Shepherd pointed out that the user community wants to know the error ranges of data, 
too; in many cases, these are just as important as the actual measurements. In addition, he 
provided an example of the potential impact of remote sensing technology on renewable 
energy generation such as wind power by showing the improved resolving power of 
ocean wind vector measurements using NASA’s Quick-Scat satellite. 
 
 
IMPROVING FORECASTS, DEVELOPING INFORMATION PRODUCTS 
 
The Weather Service Process of Forecast Modeling and Information 

Dissemination—National Weather Service, James Heil, National Weather Service 
 Mr. Heil reported on the development and dissemination of weather forecasts by 
the National Weather Service, the official source of civil weather forecasts and other 
weather related information for the United States. Every day, NWS assimilates global 
weather data from satellites, atmospheric soundings from radiosondes, aircraft, and 
surface observations (temperature, pressure, wind vectors) into its weather models to 
produce periodic forecasts. The agency disseminates this information through its AWIPS 
service, via the Internet and through numerous other means to a wide variety of users of 
weather information, including the average citizen. NWS depends on the media and 
value-added companies to tailor its weather information into regional and local products 
easily accessible to the average citizen. Value-added companies also develop specialized 
weather forecast products for industry.  
 Global satellite data are of particular importance to the NWS because they 
provide measures of temperature, pressure, winds, and other weather parameters over the 
oceans where there are few measurements available. Some 90 percent of the data 
assimilated into NWS models are from satellite measurements. However, only some 60 
percent of the available satellite data are used by NWS. To improve weather forecast 
modeling, reduce risk of using new sensors, and to craft ways of making better use of the 
available satellite data, NWS and NASA have created the Joint Center for Satellite Data 
Assimilation. In the future, NWS expects to use the data from improved sensors to raise 
the accuracy and sharpen the resolution of future weather forecasts. Mr. Heil expects 
global models to be maintained at 10 km resolution and regional models at 4 km or even 
2 km resolution. 
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Private Sector Value-added Information Products and Services—Jim Cooper, 
Earthsat 

 Jim Cooper reported on the efforts of value-added companies to provide useful 
information and weather forecasts to the energy industry. The companies provide weather 
support in three primary business areas: operations, generation, and trading. They 
particularly emphasize support during periods of expected severe weather, as inaccurate 
forecasts can result in losses of millions of dollars for the companies, and in some cases, 
unwanted headlines criticizing energy companies’ lack of preparation for particularly 
severe events. According to Mr. Cooper, “Nothing gets energy companies in the 
headlines more than weather.” He said that for weather conditions 2-3 days ahead, his 
customers want to know the changes in temperature and humidity at a very basic level: 
hotter or cooler, wetter or drier. Mr. Cooper also noted that of the forecast products that 
Earthsat offers, the biggest seller is the 6-10 day-ahead forecast. 
 Value-added companies provide forecasts and “nowcasts” of damaging weather 
(snow, ice, hurricanes, tornados, severe electric storms), including real-time feeds of 
radar and lightning. In addition to knowing the extent and expected time of arrival of 
severe weather, energy companies need to know its severity in order to make effective 
plans. Weather conditions such as these can result in the simple downing of trees, which 
actually causes much of the damage to power grids. Right now, point forecasts (such as 
those produced from weather data obtained at airports) are preferable to gridded forecasts 
because these points generally correlate highly with population density in cities, which 
account for the majority of energy demand. In the future, however, value added 
companies will increasingly turn to gridded GIS-formatted information products that can 
make use of smaller (mesoscale) weather information within these general point areas 
and match the granularity of load data. The GIS format of these products will also allow 
for direct integration with dispatch and infrastructure management systems.  
 Forecast weather information ingested into grid energy load models helps assure 
that the grid will operate at maximum efficiency for the expected future weather 
conditions. Historical weather records provide the basis for testing load model outputs 
and as a useful guide for future expected weather trends. Energy traders use weather 
forecasts to identify potential market inefficiencies that might give them an edge in the 
marketplace. In general, value-added information improves energy market efficiency and 
improves the bottom line for industry customers. Such information is particularly 
valuable for small companies that do not have the capability of their own internal weather 
information and analysis groups.  
 
 
The Electric Power Industry, Weather Information, and the Value of Remote 
Sensing—Avery Sen, Space Policy Institute  
The electric power industry is one of the largest regular users of weather information 
(with an estimated $228 billion in annual utility sales alone). It relies heavily on projected 
demand requirements for the buying, selling and trading of electric power. Weather 
information is a necessary component of the industry’s supply forecasting process. It is 
also the variable with the most uncertainty, particularly in the 24-240 hour forecast. 
Companies make or purchase forecasts of electricity demand ranging from a few hours 
ahead to many days ahead. The electric power industry values these demand forecasts 
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and the models that produce them. Energy managers base critical operational decisions 
upon them. 

NOAA’s satellites gather meteorological data that lead to valuable information for 
the demand and supply of electricity production. Innovation of satellite systems and 
greater understanding of their capabilities by the electric power industry would result in 
more sophisticated weather information of greater economic value. Satellites offer many 
advantages to the collection of weather data over ground-based systems, including 
improved coverage, repetitiveness, speed, consistency, and lower unit cost for data. They 
also have a strong potential for improvements through technological evolution. More and 
better data inputs are necessary to capture the complex interaction of various 
meteorological factors within forecasting models. Higher resolution data from the 
evolution of satellite technology will improve the accuracy of forecasts. Nevertheless, 
because of numerous unintended impediments in the process of transferring technological 
improvements to the data and information end users, they may not necessarily receive the 
intended benefits of satellite-derived weather information. This is an important area for 
NOAA and NASA to consider as public agencies. In particular, the ability of weather and 
climate information users within the electric power industry to understand and use 
improved weather data will determine actual received benefits.  

More accurate, timely data with improved modeling can improve forecasts and 
save costs. The energy industry finds clear value for forecasts of the first few days ahead 
(3-5 days), and uncertain value for forecasts 7-10 days ahead. Examples of economic 
value are distributed across applications and while aggregate national economic value 
seems to be large, it is difficult to measure. Similarly, economic value from future 
technologies is identifiable, but quantification is imprecise.  

Decisions on the investment in technology must be made with all end users’ needs 
in mind, both in government and the private sector. End users must have a greater 
understanding of technology in order to define their needs and researchers must have a 
better understanding of economic applications of technology. More frequent, detailed 
communication among all affected groups can bridge this gap. 

 
 

The Potential Economic Contribution of NOAA’s Future GOES-R Geostationary 
Satellite to Electric Energy Production—Robert Reining, Mitre Corp. 

 Robert Reining presented the results of recent research to estimate the economic 
effects of improved data and information from the planned GOES-R satellite on U.S. 
industry, including the electric energy industry. The study examined the expected 
improvements in the move from the ITT, Inc. sounder and ITT, Inc. imager aboard the 
current GOES satellites to the planned new HES sounder and the ABI imager on GOES-
R, finding that these two sensors could provide estimated incremental economic benefits 
to the U.S. economy of about $1.440 billion ($2003) per year ($7.13 present value), 
based on case studies of selected economic sectors: commercial aviation, electric power, 
natural gas, agriculture, recreational boating, and commercial trucking; commercial 
shipping, commercial fishing/fisheries management, lightning safety, golfing, and 
residential landscaping, and increased non-farm consumers’ utility or welfare from the 
increased supply of low-cost water.  
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 Dr. Reining described the estimation process for the electric energy industry in 
some detail, which concluded that the yearly economic benefit to the industry of the 
improvements included in GOES-R would equal $451 million (2003 dollars) in 2015. 
This benefit, to be realized in the form of savings primarily from improved load forecasts, 
and better real time weather information, would increase the economic efficiency of 
utility companies and could result in eventual savings to customers, especially if, as 
expected, such improved weather information also leads less uncertainty in energy supply 
during severe storm conditions. 
 
 
Effects of Weather on Energy Demand and Electric Power Generation, Phillip 

Tseng, Energy Information Agency, U.S. Department of Energy 
NASA and NOAA are not the only federal agencies with a deep interest in energy 

demand and supply. The Department of Energy plays a major role in setting fuel policy 
and in attempting to anticipate the U.S. fuel supply. Phillip Tseng reminded the group 
that demand for electricity is highly dependent on season as well as day-day weather. 
Daily weather conditions play a very significant role in the ability of generating 
companies to meet demand during high demand months. Experiencing peak demand as a 
result of weather extremes in high demand months imposes a significant burden on 
generation and transmission. In a heat wave, for example, it is the third or fourth day of 
sustained high temperatures that begins to stress the capacity of the grid to provide 
sufficient output to meet load.  

Demand varies dramatically across U.S. regions during any particular season. For 
example, California experiences its highest electricity demand in the summer months 
when demand for air conditioning peaks. By contrast, the northeast states experience 
peak demand in the winter. The Energy Information Agency tracks electricity demand 
and costs for the country by region. The agency is exploring the use of regional short-
term forecasting models, rather than the national models currently used. This is 
information that the electricity industry can use in planning future generation capacity. 
Such information is of considerable utility to industry, as the power grid is tightly 
interconnected geographically and demand shortages in one region can severely affect the 
ability of other regions to meet their own load demands. 

 
 

The Value of Weather Forecasts for the Electric Energy Industry, Rodney Weiher, 
Chief Economist, NOAA 

 Starting with the assumptions that cost savings to energy companies can be 
improved with better forecasts of electricity load and that better weather forecasts yield 
better load forecasts, Mr. Weiher demonstrated one method of estimating the value of 
weather forecasts (and improvements in these forecasts) in scheduling routine tasks in the 
electricity generation process. Simulations were conducted to deduce the implications for 
load forecasting error of using better weather information as input into a Neural Electric 
Load Forecaster (NELF). Four levels of weather forecast accuracy were used, ranging 
from naïve (tomorrow’s weather is the same as today’s) to perfect (tomorrow’s actual 
weather information is used). This estimate was performed for three regions of the US: 
North, South and West.  
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 Not surprisingly, the results showed that load forecast error declined as weather 
forecast accuracy improved. In this simulation, southern states derive the greatest 
improvement. This is probably because indoor space cooling, which is very important in 
the south, is very sensitive to weather conditions. The simulation showed that the typical 
NWS weather forecast is worth at least $120 million/year more than the naïve forecast 
and the perfect forecast is worth at least $40 million/year more than the NWS forecast. A 
one percent improvement in weather forecast translates to a value of $1.1-1.3 
million/year, whereas a 1-degree improvement yields a value of $35 million/year or a 
present value of about $700 million. The overall benefits to electricity generators from 
the NWS forecast is $156 million, which could be increased by another $70 million with 
a perfect forecast. It is important to note that these are benefits arising only from 
improvements in scheduling and not other areas of decision-making. 
 
 
Weather and Climate information: Industry Needs and Issues; Panel Chair: Molly 

Macauley, Resources for the Future 
This panel provided an opportunity for representatives from the industry and 

FERC to discuss the satellite data and information needs of the electric power industry. 
 

• Jim Cooper, Earthsat 
• Kevin Cross, Pacific Gas &Electric  
• John Kappenman, Metatech, Inc. 
• Rob Mulloy, Shell Trading Co. 
• Rich Shull, Shell Trading Co. 
• Rahul Varma, Federal Electric Regulatory Commission (FERC)  
 

Mr. Cross informed the group that PG&E utilizes meteorology services for a 
variety of applications including forecasts for site-specific operational and maintenance 
support, commodity energy and weather derivative decisions, engineering design, disaster 
preparedness, as well as meteorology for legal and insurance matters. PG&E also has 
certain environmental stewardship responsibilities making improved weather forecasting 
and satellite imagery valuable for reasons other than direct load forecasting. For example, 
Wind energy is purchased under contractual commitments and must be accurately 
predicted in order to purchase and schedule the remainder of the energy needed to meet 
forecast loads, and to manage energy resources. This requires accurate forecasting of 
wind intensity and direction in order to forecast potential wind energy generation. Also, 
in any method of electricity generation or gas distribution, PG&E must comply with 
environmental regulations. Imagery from satellites can assist PG&E in self-monitoring 
the land on which it operates for possible adverse effects on vegetation or geology. The 
firm could make use of hyperspectral imagery from proposed future systems for these 
purposes. 

In addition, Mr. Cross suggested several ideas for new datasets and products. One 
of these was a finer resolution model of snow depth and runoff. The amount of snow that 
accumulates and the rate at which it melts is an important factor in determining the 
amount of water behind hydropower dams. He also recommended more detailed 
observation of conditions along electricity transmission corridors, such as high-resolution 
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temperature data for optimal line loading and biological monitoring of vegetation growth 
that could cause disruptions in transmission during severe weather conditions.  Similarly, 
geological monitoring could detect earth motion from slides or geological processes, 
which could affect hydropower generation systems, transmission systems, and natural gas 
pipelines, which PG&E also operates. 

Robert Mulloy and Richard Shull of Shell Trading Gas and Power explained that 
their firm uses weather forecasts and other information to trade for gas supplies and 
electrical power. They noted that traders are always looking for information that may 
give them an edge in the marketplace. They also pointed out that even the smaller energy 
companies are relatively astute in using weather and climate forecasts in their day to day 
operations, in part because deregulation has made the industry more competitive in some 
regions. Producers do not want to sell energy any more cheaply than they have to, and 
energy purchasers want to pay as little for energy supplies as possible. However, because 
of deregulation, utilities now pass along more economic risk to customers than in the 
past. More accurate weather forecasts, when assimilated into demand and supply models, 
will provide trading entities with finer tools with which to gauge future market 
conditions. They also pointed out that different forms of energy take longer to bring into 
the supply mix than others, which becomes an element in grid planning. For example, it 
takes about 48 hours for a coal plant to achieve operating status, whereas a gas-fired plant 
can reach operating status in five to six hours. Better forecasts will assist in achieving 
better efficiency in scheduling power plants’ entry into the system. 

Mr. Kappenman gave a valuable overview of the vulnerabilities of the electric 
power transmission network to extreme terrestrial weather events. He first detailed the 
chronology of events that resulted in the Northeast blackout in August 2003, 
demonstrating the need for more comprehensive information about grid conditions and 
better communication among transmission system managers. He also noted the 
transmission disruptions caused by lightning, pointing out that more precise location of 
lightning strikes (using GIS and GPS timing) could be used to restore transmission 
capabilities more rapidly. Mr. Kappenman concluded by discussing the aging 
infrastructure that composes the national power grid. The average year of manufacture 
for key elements on the US High Voltage Network (i.e. power plants, transmission lines, 
transformers and circuit breakers) is 1972. They are nearing the end of their lifetimes, 
which contributes to grid vulnerability. 
 Mr. Varma gave a presentation stressing the importance of the natural gas market 
in addition to electricity. Gas use peaks in the winter because it is utilized for indoor 
heating needs. Seasonal and even weekly weather forecasts can affect the price of gas 
storage in particular. 93% of variation in annual gas storage draw-down can be attributed 
to cumulative heating-degree-days. Mr. Varma concluded with the suggestion that 
NOAA and the NWS accompany their weather data and forecasts with ranges of 
uncertainty measures, which would help users in industry monetize their risk. 
 
A View of the Future: NASA’s Support to U.S. Energy Management, Weather and 

Climate Forecasting, Greg Stover & Paul Stackhouse—NASA Langley Research 
Center 

Mr. Stover provided a synopsis of the purpose and applications of NASA’s Earth 
Science Enterprise. By gaining a greater understanding of the Earth System we can  
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achieve greater national economic growth as well as input into homeland security 
planning. The Earth Science Enterprise integrates satellite-derived measurements of 
weather and climate phenomena, as well as models of these phenomena, for applications 
of national priority. In addition to energy management, these include agriculture, aviation 
safety, and coastal and ecological management.  

Dr. Stackhouse heads the Earth Science Enterprise’s POWER (Prediction of 
Worldwide Energy Resource) project, which uses satellite data sets and modeling 
algorithms to support decision-making in the energy sector. It especially targets electric 
power, renewable energy, efficient building design, and biomass crop development. An 
example of the kind of projects undertaken is the Surface Radiation Budget Project 
(conducted in cooperation with the Department of Energy [DoE] and the National 
Renewable Energy Laboratory [NREL]) to use satellite solar insolation data for the 
development of solar cooking sites. Similarly, wind data can be used to assess the 
potential for windmill siting.  

Dr. Stackhouse pointed out that energy-related industries are becoming more and 
more dependent on meteorological information for system operations in general. 
POWER’s task is to foster relationships with end users in industry and interact with them 
in order to identify industry needs and then create prototype models for specific 
applications. The prototypes can use a wide range of data sets, historic and current, to 
produce forecasts of a wide range of time frames and regional sizes. 
 
 
SPACE WEATHER AND THE ELECTRIC ENERGY INDUSTRY 
 
 Space weather strongly also affects certain technological systems, from satellites 
to the electric energy grid.2 The Space Policy Institute is engaged in a broad study of the 
socio-economic effects of space weather,3 one aspect of which focuses on the effects of 
space weather on the electric energy industry. Unlike terrestrial weather, which is of 
constant interest, space weather effects are seldom at issue to technological systems until 
a particularly strong solar storm occurs in the form of a solar flare or a coronal mass 
ejection (CME). The following presentations focused specifically on the deleterious 
effects of space weather on the electric energy industry.  
 
Satellite Data and Space Weather Forecasting—Joe Kunches, NOAA Space 

Environment Center 
 Joe Kunches presented an overview of space weather phenomena (changes in the 
space environment near Earth), what causes them, how they are observed and measured, 
and the forms of space weather warnings and other information that the Space 
Environment Center (SEC) provides to users. He also highlighted certain shortcomings of 
the currently available space weather indices for the electric energy industry, noting that 
efforts were underway in SEC and other organization to craft more adequate forms of 
space weather indices for the industry.  

                                                 
2 See Storms from the Sun, Washington, DC: Joseph Henry Press,  
3 Ray A. Williamson, “The Value of the Socio-Economic Effects of Space Weather, Presentation to the 
NATO Advanced Research Workshop on the Effects of Space Weather on Technology Infrastructure, 
Rhodes, Greece, March, 2003. 
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Space Weather Terms 

• Geomagnetic Storm: A disturbance in the near-Earth environment that can upset 
technological systems and fuel bright Aurorae in northern and southern latitudes. 

• Solar Wind: The outward flow of electrons, protons, and magnetic field from the 
Sun. 

• Solar Flare: A small-scale eruption on the Sun that emits light (UV and x-rays) 
and particles (electrons and protons).  

• Coronal Mass Ejection (CME): A disturbance in the solar wind caused by a large-
scale eruption on the Sun. 

• Energetic Particles: Electrons and protons that have been accelerated to high 
speeds and therefore high energies. 

• Geomagnetically Induced Current (GIC): Current induced in the Earth as a result 
of changes in the magnetic field of the ionosphere. Electric power lines, pipelines, 
and other conductive materials conduct such currents long distances. 

 
 
  There are three primary types of space weather storms, each of which arrives at 

Earth at a different speed, and each affects different technologies and their users. The 
following table summarizes these storms:  

 
Types of Solar Storms 
 Bursts of X-ray and 

EUV radiation 
Energetic Particles 
(electrons & 
protons) 

CMEs that produce 
geomagnetic storms 

Arrival Time 8 minutes 30 min – 16 hrs 1 to 4 days 
Systems Affected Radio Comm.  

VLF Navigation 
Airlines 

Satellites 
Astronauts 
Airlines 

Power Companies 
Radio Comm. 
Airlines 

 
 
Effects and Space Weather Vulnerabilities of the Electric Energy Industry—John 

Kappenman, Metatech Corp. 
 In recent years, as electric power grids have become less regulated and operators 
attempt to make it more efficient, grids have also become increasingly vulnerable to 
large-scale failure, including space weather induced failures.4 As grid operators have 
attempted to meet increasing demands for more energy, they have raised transmission 
voltages, and reduced the transformer operating margins. Mr. Kappenman described the 
various vulnerabilities and how they might interact in a severe space weather storm to 
produce a catastrophic failure. One of the difficulties in modeling the potential effects of 
space weather on the grid in any particular region is that different regions will generally 
respond differently to geomagnetic storms. Each region has different conductive 
properties, which depend on the geological makeup of the region. Further, space weather 
warnings need to be improved in order to provide the maximum advance notice to the 

                                                 
4 John G. Kappenman, “The Vulnerability of Power Grids,” Space Weather, Vol. 2, No. 1, January 2004. 
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grid operators. They will need improved space weather indices and advances in storm 
effects modeling linked to each major grid region. Even during the March 1989 
geomagnetic storm, which caused a major blackout in Canada and serious disruption in 
the United States, resulted in a much greater geomagnetic effect over Denmark than in 
the United States or Canada. In general, storms of intensity some three to ten times that of 
the March 1989 are plausible in the United States. Mr. Kappenman warned that grid 
operators may be  complacent toward space weather since the United States has not 
experienced a major magnetic storm for many years.  He also shared a useful chart that 
compared the space weather threat to those of terrestrial weather and seismic threats and 
concluded that the general decline in power grid infrastructure since 1989 has actually 
increased grid vulnerability. Large U.S. grid blackouts are plausible, but preventable with 
appropriate design and better and more timely solar storm information.  
 
Comparing the Space Weather Threat to Other Power System Threats 
Conventional Terrestrial Threats Geomagnetic Storms Threats 
Severe Threats Geographically Confined  
  Continuously monitor and base operational 
decisions on terrestrial weather conditions 

Storm development 
  Electromagnetic processes nearly instantaneous 

High Winds & Ice Loading 
  Proper design code can alleviate much threat 

Geographic Extent—Planetary Scale  
  Moderate intensity impact at each station, but 
large cumulative effect 

Lightning 
 Shield wires and use lightning arresters 

Industry Design Approaches 
  Have  unknowingly escalated GIC risks and 
potential impacts 

Seismic 
  Design Code 

 

 
 
Economic Impacts of Space Weather—Kevin Forbes, Department of Economics 

Catholic University 
 Although much of the concern about the effects of space weather on the electric 
energy grid has properly focused on its potentially damaging effects to an increasingly 
vulnerable grid during particularly severe storms, the economic costs of less severe 
storms cannot be discounted. Dr. Forbes presented the results of some of his and Chris St. 
Cyr’s recent research on the economic impacts of several recent space weather events on 
the PJM grid in the Pennsylvania, New Jersey, Maryland geographic region. He 
presented evidence that even modest solar storms have a measurable cost to the grid, 
driving up the real time wholesale price of electricity as grid operators respond to space 
weather induced transmission constraints. Their results also quantify the economic 
impact of load forecasting errors. Specifically, the real-time price was found to be higher 
than what otherwise would be expected during those periods when actual demand was 
higher than expected. Forbes also presented some very preliminary results that indicate 
that the real-time price is affected by thunderstorm activity. Their economic research is 
continuing, but preliminary results from other geographic regions, including New 
Zealand, New York, and New England tend to support the PJM findings. 
 John Kappenman responded that the estimate of the number of hours of impact 
may be overstated by several orders of magnitude, which would similarly overstate the 
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cost impacts by several orders of magnitude. This would have the effect of reducing total 
cost impacts to less than 1 % of totals that Forbes and St. Cyr report. Further, higher 
operating costs are not necessarily a bad outcome, because the electric transmission 
market restraints that are causing the higher spot market wholesale prices during brief 
periods of intense geomagnetic storm conditions may be the result of efforts applied by 
operators to enhance the operational reliability and security of the entire power pool and 
to pre-empt the more serious concern of a wide spread power blackout. If so, the rise in 
wholesale costs will be an acceptable trade-off.  
 
 
IMPROVING THE LINKS BETWEEN RESEARCH, APPLICATIONS, AND THE 

END USER OF SATELLITE INFORMATION 
 
 This short session provided insights into some of the issues faced by the federal 
agencies, value-added companies, and industrial users of weather information in making 
full use of advances in weather and climate research. The movement from research to 
information useful to the ultimate user is a sometimes laborious process that requires 
attention to the steps along the way to make sure that the end users are able to make full 
use of the information supplied. It is a process that has many potential barriers and 
feedback loops. The National Academy of Sciences has focused its committees on the 
problem.  
 
Moving New Information Products to the End User: Process Issues—Richard 

Leshner, Space Studies Board, National Academy of Sciences 
  
 Mr. Leshner reported on the results of several National Research Council studies 
on ways in which to improve the delivery of new data, products, and services to potential 
users of satellite environmental data. Too often, the information end user has received too 
little attention in the planning efforts for new satellite sensors and data delivery systems. 
The NRC reports have provided useful advice to federal agencies and others on how to 
improve the flow of new environmental data, information products, and services to 
potential data and information users. Mr. Leshner pointed out that many of the challenges 
that electric energy companies face in putting advances in weather and climate forecasts 
to work are common to other industries as well. NRC recommendations designed to 
improve the smooth transition from R&D to routine operations include:  
• Increasing the resources devoted to the development of applications 
• Improving assimilation of new data types into applications 
• Reserving space on operational satellites for testing new technologies 
• Promoting federal standards for geospatial data formats,  
• Experimenting in the creation of social systems to improve technology transfer, 

including: 
 Improving communication/coordination 
 Helping users identify their “location” in the technology transfer chain 
 Helping users and providers understand themselves in terms of their 

discriminating factors 
 Assisting data providers and users to learn each other’s language 
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Relevant National Research Council Reports: 
• Satellite Observations of the Earth’s Environment: Accelerating the Transition from 

Research to Operations, Space Studies Board and the Board on Atmospheric Science 
and Climate, 2003 

• Using Remote Sensing and State and Local Government: Information for 
Management and Decision Making, Space Studies Board, 2003 

• Fair Weather: Effective Partnerships in Weather and Climate Services, BESR, 2003 
• Toward New Partnerships in Remote Sensing: Government, the Private Sector, and 

Earth Science Research, Space Studies Board, 2001 
• Transforming Remote Sensing Data into Information and Applications, Space Studies 

Board, 2001 
• From Research to Operations in Weather Satellites and Numerical Weather 

Prediction: Crossing the Valley of Death, Board on Atmospheric Science and 
Climate, 1999 

 
 
Conclusions 
 This interdisciplinary workshop was designed to bring together experts in 
terrestrial and space weather information from satellites used by the electric energy 
industry. Participants’ presentations shared basic information about their field of 
expertise as it pertained to the subject of the workshop. Taken together, they illuminated 
the sources of data and information available, pointed out operational issues faced in 
using weather information in electricity generation, and helped create a common base of 
understanding among participants. The ensuing discussions explored details of the 
presentations, focusing in large part on ways in which the different aspects of the 
information chain could work together more effectively to advance the efficiency and 
economic vitality of the electric power industry.  

In general, the workshop served to extend participants’ knowledge of all 
environmental information needs of the electric energy industry as they relate to satellite-
derived information. Not only does the industry benefit substantially from forecasts and 
other terrestrial and space weather information generated from satellite data (fused with 
many other data sources), but it could also benefit from a wide variety of other 
environmental information, some of which satellites provide today. Among these are 
vegetation growth along high voltage transmission lines, snow cover and depth in 
mountainous regions, and soil moisture content. Of these, only vegetation growth and 
snow cover can be routinely derived from currently available satellite data. Wind 
generated power would benefit significantly from improved offshore wind measurements, 
geothermal power from extended site analysis, and solar energy generation from 
systematic insolation measurements. Hence, there is a substantial need to expand the 
scope of future operational satellite measurements. NASA, for example, operates several 
research satellites, the data from which would assist the electric power industry if they 
were available in an operational mode. These include wind data from Quickscat and solar 
irradiance data from NASA’s CERES and MODIS instruments.  

The workshop also dealt with grid vulnerabilities to extreme terrestrial weather 
events, such as hurricanes, tornados, flooding, and lightning. Satellite data have become 
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critical to forecasting the development and progress of most of these natural hazards. The 
energy industry as a whole receives sizeable assistance from the weather information 
value-added industry in the form of terrestrial weather forecasts tailored to the specific 
needs of regional grid operators.  

The grid is also becoming increasingly vulnerable to space weather events, 
suggesting that a variety of measures need to be implemented to reduce that vulnerability. 
For example, the industry would benefit substantially from regional forecasts of GIC 
potential following a major solar storm. The tiny, but developing, space weather value-
added industry has been working on the creation of such focused GIC forecasts from data 
supplied by NOAA’s Space Environment Center (SEC) in Boulder, CO.  

The workshop also noted numerous parallels and differences between terrestrial 
weather and space weather in this critical industry. For example, severe weather events, 
whether from terrestrial or solar sources, powerfully impact the industry’s operations. 
Nevertheless, the developmental time scale of most terrestrial weather events allows the 
industry to mitigate many of their most damaging effects well ahead. The 
electromagnetic processes that cause GICs can occur on time scales of seconds to 
minutes, requiring nearly instantaneous response by grid operators.  

Space weather forecasting can benefit substantially from the long history of 
terrestrial weather forecasting, in which both physical models and empirical models were 
used to develop not only better forecast models but also to understand more clearly the 
physics behind weather processes. The American Meteorological Society, the weather 
forecasters’ professional organization, has recognized some of these similarities and 
synergies and has begun to include a space weather component in its annual meetings. In 
recognition of these synergies, in October 2004, NOAA plans to move the SEC from its 
Office of Applications Research to the National Weather Service. 

In sum, it is becoming clearer that for the electric energy industry as well as a few 
other sectors of the economy, such as the airline industry, satellite data and the 
contribution they make both to terrestrial and space weather forecast models have 
become critical components of the information it needs to operate efficiently and reduce 
its vulnerability to destructive natural events. 
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