Session No. 8

Session Title:

Remote Sensing Technology in Emergency Management

Time:


Three Hours

Objectives:


At the conclusion of this session, students should be able to:
8.1 
Define remote sensing and explain how it fits into emergency management.

8.2 Provide an overview of the technology and explain terrestrial remote sensing, Geostationary Satellite Satellites, Sun-Synchronous Polar Orbit Satellites. 

8.3 Describe examples of satellite imaging including: GOES and LANDSAT Satellites, Spaceborne imaging radar, and SPOT images. 

8.4  
Discuss management issues relating to remote sensing.

Scope:
This session will provide an introduction and overview of the types of remote sensing data available for hazards analysis and emergency response. Sources of natural hazards data including satellite images will be discussed. 

Readings:


Instructor

Cain, Burl. “The Historic Flood of 1997 at Louisiana State Penitentiary,” The ASPEP Journal of 1998, pp. 15-32.

Campbell, James B. Introduction to Remote Sensing, 2d Edition, New York: The Guilford Press. 1996. 

Drury, S.A. A Guide to Remote Sensing. New York: Oxford Science Publications 1990. (This book is an excellent introduction to remote sensing. Review the contents of this book as time allows). 

Walter, Louis S. Remote Sensing Satellites for Disaster Reduction. Greenbelt, MD: Earth Sciences Directorate, Goddard Space Flight Center. 1997.


Students
Baumann, Paul. “Flood Analysis: 1993 Analysis.” Volume 4 Applications in Remote Sensing. [The Remote Sensing Core Curriculum Educating Tomorrow’s Technology Leaders. See: http://umbc7.umbc.edu/~tbenja1/baumann/baumann.html. See Student Readings: 8-Baumann.HTML. (The images associated with this document are also included in Readings.)]

Cain, Burl. “The Historic Flood of 1997 at Louisiana State Penitentiary,” The ASPEP Journal of 1998, pp. 15-32.

Carlson, George R. and Beni Patel. A New Era Dawns for Geospatial Imagery. Houston Advanced Research Center The Woodlands. See Student Reading 8-Carlson.HTML 

National Climatic Data Center. About NOAA’s Satellites. Asheville, NC. See: Student Readings, 8-About GOES—an HTML Document.
RAMM. Introduction to GOES I-M. An on-line tutorial describing the sensor and data changes that began with the launch of GOES-8, prepared by the Regional and Mesoscale Metedorology (RAMM) Team (NESDIS) at CIRA. Includes examples of of improved GOES-8 data versus that of GOES-7. Available from: See Student Reading 8-About_GOES.HTML or 

http://www.cira.colostate.edu/ramm/tutorial/g8modpg1.htm
LANDSAT. See Student Reading Landsat.html.
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Remarks:

Reports from Class Assignment: Available Data from Federal Agency Web Sites

Time should be taken to ask members of the class to briefly discuss their assessment of a federal agency data source. This class activity may take from 30 to 45 minutes of class time.

Note to the Instructor: This type of class discussion is critical to student learning. Independent projects such as the class assignment provide the student with an opportunity to link concepts discussed in class to their personal interests in the topic area. Their discussion of “Data from Federal Agency Web Sites” may be some of the most useful class presentations, since the assignments provide the students and the instructor with an opportunity to update session materials. Since the technology is constantly changing, having students complete class assignments provides a means of keeping the class up to date.
Data useful to emergency management can be obtained from many federal agencies. The following is a list of federal agencies from which data may be obtained for emergency management. Members of the class are to select one site from the following list (or add one to the list) and identify data that is available from the agency. Evaluate the data based on the following criteria: 

· Data Quality: accuracy, precision, completeness, age, timeliness, and source.

· Accessibility: Availability and possible access restrictions.

· Information Presentation: Format of the data may limit the user in presenting information.

Note to Instructor: Students were asked to submit a written report on their analysis of the data at the next class and be prepared to present a brief summary of their conclusions on the data provided by the federal agency.

8.1
Remote Sensing and Emergency Management: How Does It Fit into the Emergency Management System?

The collection of data relating to disasters is critical in emergency planning, response, recovery, and mitigation efforts. In planning, information relating to the actual or potential disaster allows the emergency manager to understand the phenomenon whether it is a natural occurrence or man made, as in an accidental chemical release of hazardous materials. Remote sensing provides either a visualization of the event from historical photos of flooding or an infrared image of areas affected by a fire. Combined with the image, remote sensing may also provide data that could be used to develop a weather forecast or as input in a storm simulation model. Hurricane models make use of data collected by remote sensors as input into a simulation of the event. 

Remote sensing also has a role in emergency response and recovery actives. Images collected by remote sensors provide real-time observations of the event as it occurs. Satellite images are used in a routine manner by the National Weather Service to show weather patterns and as a basis for weather predictions. Satellite images have also been used in floods along the Mississippi, Red, and Missouri Rivers to show areas inundated by heavy rains. Decisions regarding what communities should be evacuated and what routes to use can be enhanced by the use of satellite photos, radar, and infrared images. 

State and local governments are placing an increasing emphasis on mitigation initiatives to reduce the adverse affects of disasters. Governmental agencies have used radar images collected by satellites to target flood prone areas. Satellites which collect images using radar are not affected by cloud cover and thus may be used to collect data at night or during the most adverse conditions. Radar also clearly distinguishes areas under water, smoke from fires, and the location of fires.

The collection data can be obtained directly, as in the case of a weather station or flood gage, or indirectly, as in the case of an aerial photograph, weather radar, or satellite images. The means of collecting the data both directly and remotely have changed greatly because of developments in technology. Computerized sensors allow us today to see more clearly than ever before from aircraft as well as satellites; the sensors also allow us to understand the nature of the natural environment relating to winds, soil types, terrain, water movement, or vegetation. The following section provides an overview of remote sensing data systems and their use in emergency management.

8.2
Remote Sensing: An Overview of the Technology 

Remote sensing is the collection of data using methods in which the sensor is remote from the sensed phenomena. The sensor devise is not in direct physical contact with the phenomena. Remote sensing-derived data is critical to the successful modeling and monitoring of many natural processes, including watershed runoff, weather simulations, land use, and chemical dispersions.

Case Example

See Cain 1998 for a discussion of the Mississippi River flood of 1997, which affected the Louisiana State Penitentiary. Emergency response officials and department of public safety officials relied partly on the image on page 18 of this session on making decisions on evacuations and alternative housing for the inmates. The case describes the details of the incident that the image reflects. 

Terrestrial Remote Sensing

Terrestrial remote sensing deals with gathering information about the Earth from a distance. This can be done from a few meters off the Earth’s surface, an aircraft flying hundreds to thousands of meters above the surface, or a satellite orbiting hundreds of kilometers above the Earth. Airborne remote sensing systems are the most flexible sources of data and provide the most detailed information. 

8.3
Satellite Sensors

Satellite remote sensing, or earth observation, is the use of data from satellite and airborne sensors for the monitoring and management of the environment. Satellite remote sensing is the largest single source of digital spatial data. The attraction of remote sensing data includes its potential for uniformity, compatibility within and between data sets, and its timeliness. Satellites may be equipped with photographic or non-photographic sensing devices. 

Instructor Note: Visit the NOAA information web site, URL: http://140.90.207.25:8080/noaasis.html.

The NOAA GOES Satellite (Geo-Stationary and Polar-Orbiting Weather Satellites) 

Note to Instructor: Have students read the Student Reading about GOES. They will be in a better position to discuss the technical implications of these systems in relation to emergency management.
Operating the country’s system of environmental satellites is one of the major responsibilities of the National Oceanic and Atmospheric Administration’s (NOAA’s) National Environmental Satellite, Data, and Information Service (NESDIS). NESDIS operates the satellites and manages the processing and distribution of the millions of bits of data and images. The primary customer is NOAA’s National Weather Service, which uses satellite data to create forecasts for the public, television, radio, and weather advisory services. Satellite information is also shared with various Federal agencies, such as the Departments of Agriculture, Interior, Defense, and Transportation; with other countries, such as Japan, India, and Russia, and members of the European Space Agency (ESA) and the United Kingdom Meteorological Office; and with the private sector.

NOAA’s operational weather satellite system is composed of two types of satellites: geostationary operational environmental satellites (GOES) for short-range warning and polar-orbiting satellites for longer-term forecasting. Both types of satellites are necessary for providing a complete global weather monitoring system. 


A new series of GOES and polar-orbiting satellites has been developed for NOAA by the National Aeronautics and Space Administration (NASA). The new GOES satellites provide clearer images. Beginning in the summer of 1998, the GOES satellites will provide improved atmospheric temperature and moisture data in all weather situations. This new technology will help provide the National Weather Service the most advanced weather forecast system in the world. 

GOES provides continuous, dependable, timely and high-quality observations of the Earth. The instruments aboard the satellites measure the emitted and reflected radiation of the Earth, from which information on cloud cover, atmospheric temperature and moisture can be derived.

Because the GOES satellites stay above a fixed spot on the surface, they provide a constant vigil for the atmospheric “triggers” of severe weather conditions such as tornadoes, flash floods, hail storms, and hurricanes. When these conditions develop, the GOES satellites are able to monitor storm development and track their movements. 

GOES satellite imagery is also used to estimate rainfall during thunderstorms and hurricanes for flash flood warnings, as well as to estimate snowfall accumulations and overall extent of snow cover. Such data help meteorologists issue winter storm warnings and spring snow melt advisories. Satellite sensors also detect ice fields and map the movements of sea and lake ice. 

GOES provides continuous, dependable, timely and high-quality observations of the Earth. The main instrument on all these satellites is some form of imaging device which is a day and night monitor and uses thermal infrared to obtains images of cloud cover, cloud top and surface temperature. These instruments measure the emitted and reflected radiation of the Earth from which cloud cover, atmospheric temperature and moisture can be derived. Each satellite in the GOES series supports two major instruments: an imager and a sounder. They resolve visible and infrared data, as well as temperature and moisture profiles of the Earth’s atmosphere.
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GOEW8 Image

Question for the Class: What is the use of a GOES image such as that shown above?

As a geo-stationary satellite it is a high altitude satellite that is placed in an orbit approximately 41,000 km from the earth and set in a direction that is parallel to the Earth’s rotation. Its velocity thus matches that of the Earth and it remains above the Earth at a fixed point on the surface. Because of its distance from earth, the geo-stationary satellite can monitor an entire hemisphere all the time and can transmit directly to any point on that hemisphere. This type of satellite is especially useful for climatic observations; however, the resolution of the image is very coarse, since the satellite is at a great distance from the Earth.

Case Example

Flooding in Fort Collins Colorado caused extensive damage to the community. The storms were viewed on GOES satellites prior to the storm. The image below shows the storm in the Fort Collins area.
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These images were available to emergency managers and used by weather service personnel to provide warnings to the community.

Class Activity
The National Weather Service provides real time access to the GOES satellite. Students should be asked to go to the following sites and locate a provider of these images. 

Examples of providers of the GOES images include the following: 

a.
National Weather Service:  http://www.cnn.com. From this site, select “weather” and then choose to view satellite images. The image is drawn from the NASA GOES satellite. 

A more detailed examination of the satellite images is provided by the National Weather Service RAMSDIS Program: http://www.cira.colostate.edu/RAMM/Rmsdsol/main.htmlThe intent of this program is to make high quality, digital satellite imagery data available to the National Weather Service’s (NWS’s) forecast offices. This is being done in order to familiarize users with the use and utility of this rich resource. The site provides case studies of weather events such as lake effect snow events; examples of fire, ice and volcano detection; tropical cyclone and tornado storm development; and 1-minute and 30-second interval data cases. Additional data can be distributed to research RAMSDIS sites via CD-ROM. See 
b.
National Oceanic and Atmospheric Administration—Environmental Information Services: NOAA data includes the latest GOES images of the U.S., the latest weather maps for the U.S., pictures of Hurricane Emily hitting the Outer Banks, studies of solar terrestrial physics, information on marine biology from the National Marine Fisheries Service, sea surface temperatures from Coast Watch images, weather in space, and many other things. 

See: http://www.esdim.noaa.gov.

c.
Dartmouth Flood Observatory: This Web site is a research tool for mapping, measurement, and analysis of major flood events using remote sensing. The Observatory uses the cloud-penetrating radar imagers aboard European Remote Sensing Satellites (ERS-1 and ERS-2), Radarsat, NASA’s AIRSAR/TOPSAR airborne sensor, and NOAA’s AVHRR data; in 1998 MODIS data from NASA’s Earth Observing System will also be incorporated. See: http://www.dartmouth.edu/artsci/geog/floods/
Have the class search for other Web sites that display the satellite images produced by NASA and the National Weather Service.

Landsat Satellites

Advanced Very High Resolution RadiometerA suite of instruments is able to measure many parameters of the Earth’s atmosphere, its surface and cloud cover. As a part of the mission, the satellites can receive, process and retransmit data from search and rescue beacon transmitters and from automatic data collection platforms on land, on ocean buoys, or aboard free-floating balloons. The primary instrument aboard the satellite is the Complementing the geostationary satellites are two polar-orbiting satellites that circle the Earth in an almost north-south orbit, passing close to both poles. The orbits are circular, with an altitude between 830 (morning orbit) and 870 (afternoon orbit) km, and are sun synchronous. One satellite crosses the equator at 7:30 a.m. local time, the other at 1:40 p.m. local time. Operating as a pair, these satellites ensure that data for any region of the Earth is no more than six hours old.  or AVHRR. You can use this imagery alone to: 

· Observe land surface types 

· Analyze the cloud cover and the Earth’s surface 

· Detect smoke and haze 

· Discriminate between ice and water clouds

One of the best known remote sensing satellites is the Landsat series. The satellites, initially managed by NOAA, are now administered by a commercial company call EOSAT. The Landsat satellites carry imaging devices or sensors. They orbit at an altitude of 705 km and have a resolution of 30 meters.

The Landsat Program is the longest running enterprise for acquisition of digital imagery of the Earth from space. The first Landsat satellite was launched in 1972. The next in the series, Landsat 7, is scheduled for launch in 1998. The instruments on the Landsat satellites have acquired millions of images. The images, archived in the United States and at Landsat receiving stations around the world, are a unique resource for global change research and applications in agriculture, geology, forestry, regional planning, education and national security. 

Question for the Class: The image of New Orleans below provides a broad picture of the metropolitan area. How could emergency managers use this image in planning, response, recovery, or mitigation efforts? What data layers could be used with this image for emergency planning activities? 

For planning: Streets and roads, water features, hospitals, nursing homes, schools, and flood zones. 

For response: Evacuation routes and shelters.

Streets and water features, as well as county boundaries, may be displayed on this figure to show broad relationships. In many cases, the manager needs to show large geographic areas and key points such as interstate highways, rail lines, airports, or waterways. These images are not suitable for close examination of city blocks or buildings but are well suited for larger areas as with sections of cities.
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Image of New Orleans, LA

Note to the Instructor: A Case Example “Satellites Hottest Idea in Battling Wildfires,” is available as a Student Reading. See the document “Florida Fires Case Example.doc.” Ask the class to discuss this use of the AVHRR satellite images. 

Case Example: Florida Fires

“Satellites Hottest Idea in Battling Wildfires,” by Robert Lee Hotz, Los Angeles Times, July 18, 1998. 

Oceanographer Gene Carl Feldman was in a planning meeting at the Goddard Space Flight Center in Maryland when firefighters in Florida unexpectedly telephoned. He could barely hear their question over the hoarse shouts, ringing phones and confusion at the other end of the line. After battling flames, smoke and infernal heat for two weeks, they were desperate for a better view of the wildfires along a 125-mile corridor from Jacksonville to Cocoa Beach. As a last resort, they called Feldman, who manages data gathered for NASA by a commercial ocean surveillance satellite. 

Even as they spoke, the satellite’s wide-angle sensor—programmed to take color images every day of plankton blooms, red tides, migrating schools of fish and other sea feathers—was already scanning the Florida coastline automatically.

Within 15 minutes, Feldman had the satellite image on his computer screen. He swore in amazement. “The whole East Coast of Florida was one line of fires, blanketed in this pall of smoke,” he said. Within an hour, the satellite image had been transmitted electronically to the emergency management center in Brevard County, where the firefighters for the first time could see the true scope of what they were up against. 

Designed originally to monitor seasonal environmental conditions, track the daily weather or monitor ocean conditions, these sensors are also giving emergency planners an unexpected vantage point on large fires. Often scanning the entire globe every 24 hours, the satellites are able to watch a world of fire, from out of control agricultural fires in Indonesia and Central America to wildfires in densely settled Florida or across the trackless Yukon.

Scientists have a keen interest in the smoke particles arising from large fires like those still smoldering in Mexico, because smoke contributes to overall global pollution levels and affects the quality of air people breathe. The use of satellites as fire spotters is so new that researchers are still working to understand how the various kinds of images can be most useful. No single satellite, however, offers firefighters a complete picture of a wildfire. Each sensor measures the effects of a large fire in a slightly different way. Scientists from NOAA and NASA state that each sensor has its strengths and its shortcomings: 

· Peering into the infrared, sensors aboard the GOES-8 weather satellite can spot the thermal bloom of large wildfires that encompass many square miles or that spark into life far from any human observers. Researchers compare different infrared wavelengths to tell the difference between territory that looks warm because the sun heated it and the spots caused by lava flows or brush fires.

· Attuned to tiny particles in the atmosphere, a NASA sensor called the Total Ozone Mapping Spectrometer can detect the amount of smoke in the atmosphere every day anywhere in the world. Earlier this year, the sensor tracked the huge smoke plumes from fires in Mexico extending as much as two miles up into the atmosphere as they drifted across California, Texas, Florida, Wisconsin and north into Canada.

· Calibrated for the visible and near-infrared spectrum, the wide angle SewWiFS sensor aboard the OrbView-2 satellite, operated by Orbital Imaging Corp., can produce sharp images of fire fronts too large to be encompassed from the ground. Feldman used it to help the Florida firefighters. During the fires that raged in Indonesia earlier this year, researchers used it to monitor smoke plumes that enveloped much of the South Pacific. 

Some orbital sensors can penetrate the cloud cover that on occasion may mask a serious problem. And the view from the fire tower of space is about to get even better. Two commercial earth-observation satellites, with sensors that should vastly expand the ability to monitor wildfires from orbit, are being readied for launch in 1999 and 2000 by Orbital Space Systems Group in Germantown, Md.

In the meantime, Jay R. Herman at NASA’s Goddard Center, who handles much of the data from the ozone spectrometer sensor, said he too is starting to get calls from curious forest rangers and firefighters. They want to know what the sensor, which offers a view of Earth through the ultraviolet spectrum can add to the understanding of a wildfire.

Unlike other satellite sensors that rely on visible wavelengths, the ozone spectrometer sensor can unmistakably sort clouds from smoke by comparing different wave lengths of ultraviolet light, Herman said. “With TOMS, the smoke signal just pops up,” Herman said. “If you look at a global image for TOMS, you can always know whether you are looking at smoke, dust or clouds.”
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Image of Denver, Colorado

The image of the Denver, Colorado, area provides a broad view not only of Denver, but also of the surrounding area. These types of images have been used to examine the impact of population growth, the effects of a drought or flooding, and the potential impact of initiatives to mitigate potential flooding.

Case Study: Application Uses of Landsat Images

Suggestion to the Instructor: The following application example shows how federal, state and local officials were able to use satellite images to understand flooding in the area of the Great Salt Lake. Because the satellite image provides a view of such a large area, it is well suited to verity actual flood coverage at various time intervals. It is suggested that the instructor make a copy of the images in this case study for display to the class. For a copy of the images see http://edcwww.cr.usgs.gov/swworkshop/greatsaltlakemap.

Great Salt Lake

USGS 1:500,000 Scale Map

1988
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The three images of the Salt Lake area show the dramatic effects of the Great Salt Lake’s high levels in the 1980’s. Image 1 shows the Great Salt Lake using a USGS Quad sheet (1:500,000 scale). 

The Great Salt Lake is a terminal lake, with no outlet rivers running to the ocean. Since water leaves the lake only through evaporation, it leaves behind its dissolved minerals, making the lake up to eight times as salty as seawater. The lack of outlets also means the lake responds dramatically to change in inflow. Rainy weather beginning in 1982 brought the highest levels in recorded history, peaking in June 1986 and March–April 1987. The lake is shallow for its size—about 70 miles long and 30 miles wide, but only about 40 feet deep. Because the lake basin is so shallowly sloped, extra inflow to the lake makes it rise only slowly, but any rise means a large increase in area. Highways, causeways, and parts of Salt Lake City were flooded or threatened in the 1980’s, costing millions of dollars. 

In 1902 the Southern Pacific Railroad constructed a rail line directly across the lake, so that engines would not have to climb over the mountains. In 1959 this route was rebuilt by a causeway. The 1:500K USGS map of the State of Utah (1988) shows the causeway across the center of the Lake. 

This solid raised roadway divided the lake into two parts. Two 15 foot culverts allowed water to flow under portions of the causeway. The south part of the lake receives most of the lake’s inflow from rivers, so it became higher than the north part. You may notice in Image 2 of the 1972 Landsat image of Salt Lake that the northern part of the lake is a slightly lighter color than the southern part. This occurs because the northern part is saltier, which causes different types of algae and bacteria to grow, which in turn makes the north part look a different color.

Image 2

Great Salt Lake

1972 Landsat Image
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By July 1984, after two years of above normal precipitation, the south part of the lake was 3.7 feet higher than the north, the largest difference there would ever be. In August of 1984, a 300-foot section of the causeway was replaced by a low bridge, allowing water to flow underneath. Within 2 months there was no difference between the south and north sections of the lake. 

In 1986, the State of Utah began construction of a system to pump excess water west onto the Bonneville Salt Flats, creating the Newfoundland Evaporation Basin. The effects of this effort are shown in the 1987 Landsat image. Notice the new water body west of the Great Salt Lake.

Image 3

Great Salt Lake

1987 Landsat Image
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Obtaining Landsat Images

The Earth Observation Satellite Company is a United States-based private company contracted to the U.S. Government since 1985 to market the Landsat data and its replacement system. General information on Landsat 7 is available through the Landsat Gateway Web page at http://landsat.gsfc.nasa.gov/.

Management Concern: Emergency managers will want to use the TM image with county roads and water features, rail lines, key points such as hospitals or airports. It is critical that the image projection be the same as the projection of the layers (streets and water features, etc.)

Imaging Radar

An imaging radar works very like a flash camera in that it provides its own light to illuminate an area on the ground and take a snapshot picture, but at radio wavelengths. Instead of a camera lens and film, radar uses an antenna and digital computer tapes to record its images. In a radar image, one can see only the light that was reflected back towards the radar antenna. In the case of imaging radar, the radar moves along a flight path and the area it covers, its “footprint,” is moved along the surface in a swath, building the image as it does so. The length of the radar antenna determines the clarity of the image: the longer the antenna, the finer the resolution in this dimension. 
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Kilauea, Hawaii, October 10, 1994 (Three-dimensional View, X band), provided by NASA’s Jet Propulsion Laboratory
This three-dimensional image of the volcano Kilauea was generated using Synthetic Aperture Radar data. The altitude lines are based on interpolation of the topographic fringes. The level difference between the contour elevation lines is 20 meters (66 feet). The ground area covers 12 kilometers by 4 kilometers (7.5 miles by 2.5 miles). The elevation difference in the image is about 500 meters (1,640 feet). Future radar images will provide the basis for creating 1-foot elevation contours. 

New three-foot contour images as shown above will be created using satellites. Radarsat, a Canadian company, will be making these images available in July 1998. The value of the new SAR images lies in the contour information, which can be used in terrain modeling, slope determination, and flood modeling. The cost of preparation of contour image maps will be significantly lower than similar images prepared by aircraft imaging systems. The following image is similar to the type of contour map that may be made from the new satellite imaging devices. Note that resident files, roads, and water features are shown along with the contour images.

Question for the Class: What advantages do radar images have over photo images? 

Radar images are not affected by cloud cover. Spaceborne Imaging Radar (SAR) illuminates the Earth with microwaves, allowing detailed observations at any time, regardless of weather or sunlight conditions. The multi-frequency data will be used by the international scientific community to better understand the global environment and how it is changing. The SAR data, complemented by aircraft and ground studies, will give scientists clearer insights into those environmental changes which are caused by nature and those changes which are induced by human activity. 
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Satellite Radar Image of Angol Prison in Louisiana

Note to the Instructor: This radar image of the Angol maximum security prison was taken during extensive flooding on the Mississippi river in the Spring of 1997. The image shows flooded areas in black. This image was used as a comparison to a similar image taken in a dry period. Radarsat, Inc., created the image from a satellite. It demonstrates the capability of imaging radar as a useful tool for emergency planners and managers to map and monitor flooding. The image was purchased from Radarsat and delivered to state and local emergency management agencies within a few hours of the satellite passing over the prison. Emergency management officials used the image to determine whether the flood waters posed a danger to the prison. The image was used in conjunction with soil analysis to determine that additional flooding was very possible and additional housing for the inmates was needed. 

Emergency managers can use this data as a backdrop for overlaying streets and water features as well as school districts boundaries. Census block group and track boundaries may be overlaid on these images to demonstrate populated areas.
SPOT Images
A high resolution digital image (orthoimagery) may be produced by satellite as illustrated by the Orlando, FL, image prepared by a SPOT (System Probatoire de l’Observation de la Terre) satellite. Since these images are photographs, they make easy use with GIS and are available at a good resolution (10 meter resolution or less). The imagery can be set to display the photograph along with other map layers in the GIS, including roads, water features, hospitals, etc. 

SPOT satellites are operated by the Centre National d’Etudes Spatiales (CNES) of France, which holds the copyrights covering such SPOT data. See the Web site for SPOT at http://www.spot.com. Street, water, and rail features, as well as boundaries of school districts and voting districts, may be overlaid with these images. The manager may zoom into neighborhoods and identify large structures. These maps are widely used by emergency managers to provide the public and public officials with a background image of the area being assessed. 

The photo of Orlando, Florida, below was taken at a 10-meter resolution. Although the quality of the image is very good, new satellites will be able to obtain even clearer images (up to 3-meter resolution or better). 

Note to the Instructor: The scale of the above photo is 1:24,000. In many instances, maps such as the TIGER road and water layers will look good on this photo; however, as the user of the photo zooms closer, differences between the TIGER files and the photo will occur. The photo and TIGER files will not match, since the TIGER files were constructed from 1:100,000 resolution. This suggests that photos taken at the 1:24,000 scale will look good initially, but that as the user zooms into a picture, significant differences will occur between the image displayed from the photo and the TIGER road files.
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Orlando, FL

10 Meter Resolution – 1:24,000 Scale
Question for the Class: How could emergency managers use the SPOT images? Since SPOT images have a significant copyright limitation, how could this affect the use of the image?
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The Sabine River Basin with Spot Image provides an illustration of how a Spot Image can have roads and water features placed on top of an image. The SPOT photo in this case was enhanced by the Louisiana Department of Environmental Quality. A color satellite image of the same area was combined with the SPOT photograph. Together the color image plus the contours, roads, and water features, allow the emergency manager to visualize a local geographic area and identify potential hazards. FEMA flood zones could be placed on the color enhanced photo along with resident and business locations.

8.4
Management Concerns

Resolution: The Orlando SPOT image was created in a 10-meter resolution. In contrast, the Landsat image of New Orleans and Denver was prepared in a 30-meter resolution. Notice how clear the photo of Orlando is when compared with the color Landsat images of New Orleans or Denver. 

Cost of Remote Sensing Data: Because image map products can be produced for a fraction of the cost of conventional line maps, they provide the basis for a national map series. Image maps such as photos provide the emergency manager with a broad view of an area and with a clearer view of the potential loss resulting from a disaster.

Uses of Remote Sensing Data: Remote imaging data can be used to display data on arid or flooding areas. The images can illustrate before-and-after characteristics of the area to identify the vulnerability of the site to flooding or drought. During the flooding of the Mississippi and Missouri Rivers in the 1990’s, federal agencies including FEMA used satellite images to monitor rising waters and guide response operations, recovery operations, and mitigation efforts. The same images provide information on the extent of the area subject to damage for use in mitigation and planning efforts. State agencies are also using images from the GOES satellite to track the path of hurricanes and their potential impact on local communities. 
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Remote sensing and Landsat images can also be used to determine the approximate location of forest fires, the potential area subject to a volcanic eruption, and the less precise effort in predicting seismic events. The above image of Hurricane Georges is an example of the type of images provided by the LSU Earth Scan Laboratory for the Louisiana Office of Emergency Preparedness. These images allow both state and local emergency managers to follow the predicted path of a Gulf Coast storm and form the basis for sheltering and evacuation decisions. 

In addition to images, the Landsat satellites also provide detailed information on the intensity of storms, including potential rainfall. More detail will be possible in weather forecasts as a result of the use of new capabilities of these satellites. 

Remote sensing images provide an excellent background for displaying roads, water features, city boundaries, and flood zones. The viewer can observe the general features of the area and then zoom in to examine specific areas of interest.

Class Assignment

Sources of Remote Sensing Data

The following two Internet sites provide access to remote sensing weather information. Review the two sites and discuss the following: 

· Data Quality: 

· Accuracy, precision, completeness, age, timeliness, and source

· Usefulness of the data

· Relevance of the data to the user 

· Who collects the data, when, how it is put into in the system, and how the data will be used

· Who will use the data and how it will be used should influence what data is collected, by whom and how it will be loaded into the system, and who will manipulate the data for users

(Creating a diagram explaining the data collection input-output process is very helpful to users of the data.)

· Accessibility: Availability and possible access restrictions.

· Information Presentation: 

· Format of the data may limit the user in presenting information

· Format for output

· Data flow diagrams

· Data item name
· Definition of the data item

· Name of the file where the data item is stored 

· Abbreviation that can be used as a column heading for reports

· Range of values

1.
National Oceanic and Atmospheric Administration: Environmental Information Services: NOAA data includes the latest GOES images of the U.S., the latest weather maps for the U.S., pictures of Hurricane Emily hitting the Outer Banks, studies of solar terrestrial physics, information on marine biology from the National Marine Fisheries Service, sea surface temperatures from Coast Watch images, weather in space, and many other things. 

See: http://www.esdim.noaa.gov.

2.
Dartmouth Flood Observatory

This Web site is a research tool for mapping, measurement, and analysis of major flood events using remote sensing. The center uses the cloud-penetrating radar imagers aboard European Remote Sensing Satellites (ERS-1 and ERS-2), Radarsat, NASA’s AIRSAR/TOPSAR airborne sensor, and NOAA’s AVHRR data; in 1998 MODIS data from NASA’s Earth Observing System will also be incorporated. http://www.dartmouth.edu/artsci/geog/floods/.
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