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Introduction
We live in an information-rich era in which corporations; consumers, scientists, resource
managers and policy makers rely on complex, disparate information sources to make
more effective decisions (Miller, 2002). Data collected from remote sensing satellites
provide unique information that benefits from a growing variety of spectral, spatial and
synoptic attributes, and over the last decade there has been a renewed interest in the
practical application of satellite remote sensing. This interest has been fueled by
significant improvements in the spectral and spatial resolution of satellite sensors and in
the development of innovative information technologies that have facilitated satellite data
processing. Spaced-based remote sensing provides a source of information that cannot
be easily obtained in other ways and promises significant economic and social benefits
to those that can access and apply this technology effectively (National Research
Council, 2001). However, to enjoy widespread use, remotely sensed data must be
made accessible to information consumers who lack the technical expertise currently
required to applying this data and to educators to promote state of the art application
research and training in the use of this technology (Stallkamp, 2002) . These two
constituent groups, the novice user and university educator identify the future of remote
sensing and evidence the primary bottleneck in bridging the gap between remote
sensing professionals and end users (Brown, D.L. and Rodriguez, J. M., 1992). Until the
inception of the OhioView program there was no mechanism in place to reduce the
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social distance between application developers and end users, nor was there a means
to place remotely sensed data into the hands of students and educators to enhance
training in this sophisticated technology.

In this paper the OhioView program is described as a case study in progress.
Concentrating on its design, operation, and the application research that has been
undertaken by OhioView participants, this paper servers as a blueprint others may follow
in order to develop similar satellite-based technologies and education infrastructures to
access, archive, and apply remotely sensed data. Through programs like OhioView,
valuable satellite technology can be made more widely available and applied to support
the informational needs of education, industry and the public sector.

Program Impetus

The philosophy behind remote sensing can be explained according to the technology,
why the technology has been developed and how the technology is applied. To answer
the question, what is remote sensing, we can define this technology as:

"the science and art of obtaining information about an object, area, or
phenomenon through the analysis of data acquired by a device that is not
in contact with the object, area, or phenomenon under investigation"(
Lillisand and Kiefer, 1994).

As a science, remote sensing dates back to the end of the 19th century when cameras
were first made airborne using balloons and kites. The advent of aircraft further
enhanced the opportunities to take photographs from the air and explains a logical route
as to why remote sensing was developed. Initially, it provided a fascinating and exciting
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way of capturing moments in time, a record of something that happened that looked
more realistic than a drawing or painting, and that could be captured much quicker than
by drawing or painting. Arguably, this different view that remote sensing affords of the
Earth is now the main driving force behind the continued development of this satellitebased technology (Curran P.J., E.J. Milton, P.M. Atkinson and G.M. Foody, 1998).

Presently, remote sensing is carried out using airborne and space-borne methods using
earth-observational satellites. Both methods rely primarily on electro-optical imaging
scanners, as well as radar and thermal sensors to record objects at a distance. Whereas
in the past remote sensing was limited to what could be seen in the visual part of the
electromagnetic spectrum, those portions of the spectrum which can not be seen with
the naked human eye can now be utilized to reveal new and important information about
the earth system. Although remote sensing was initially developed through
experimentation, the unique view of the Earth it offers was soon applied to practical and
real applications. Today, the benefits of remote sensing are heavily utilized in area such
as environmental management, which frequently has a requirement for rapid, accurate
and up-to-date data collection. The advent of satellite technology, and multi-spectral
sensors has further enhanced this capability, with the ability to capture images of very
large areas of land in one pass, and by collecting data about an environment that would
normally not be visible to the human eye (Cihlar, J., Fisher, T. and Guindon, B., 1994).
Consequently, remote sensing has come to be a very important method of data
collection, however, remote sensing has not yet totally replaced ground-based survey
methods and this is largely because some limitations with the technology still exist.
These include potential limitations with spatial, spectral and temporal resolutions of the
various sensors, problems with all weather capability (not all sensors can ‘see’ through
cloud), costs of data collection and data purchase, and problems with data analysis and
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interpretation. Indeed, a cursory review of remote sensing’s recent history reveals many
stops and starts over a surprising long time span (Table 1).

Table 1: An Expanded Chronology or Remote Sensing from 1839 to Present
1839 - William Henry Fox Talbot invents a new method of photography, a system of imaging on
silver nitrate of silver chromate treated paper and using a fixative solution of sodium chloride.
Talbot later found that the latent image could be developed in a solution of gallic acid, and he was
the first person to employ a negative positive process "Calotype" laying the groundwork for
modern photography.
1830's - The Germans invent stereoscopes.
1840 - Jozsef Petzval designs faster lenses and a method of making the daguerrotype plate more
sensitive was developed, using a second treatment of chlorine and bromine before exposure.
1848 - Niepce de St. Victor , the cousin of Nicephore Niepce, uses eggs whites, salts and
potassium iodide and bromide to make a solution that would make silver nitrate solution stick to
glass. With this discovery "albumen photography" became widely popular and paper prints of
photographs could be made.
1851 - Fredrick Scott Archer replaces albumen photography with collodium "wet plate" film which
was used for the next 30 years because of its quick exposure time and considerably sharper
negatives. This method involved coating a piece of glass with collodium as a base for the silver
halide but required a mobile dark room because the coating would quickly evaporate.
1855 - James Clark Maxwell, a scottish physicist, describes color additive theory for the
producing color photographs
1858 - Gasper Felix Tournachon "Nadar" takes the first aerial photograph from a captive balloon
from an altitude of 1,200 feet over Paris
1860 - CC Harrison and J Schinitzler perfected the biconvex lens which reduced distortion and
considerably improved clarity
1861 - A photographer named Thomas Sutton, togeyther with James Clark Maxwell,
demonstrates his techniques for producing color imagery using as a bow of multicolored ribbon.
(Red filter - sulfo-cyanide of iron, blue filter - ammoniac sulfate of copper, green filter - copper
chloride, a fourth filter of lemon colored glass was also used.)
1860's - Aerial observations, and possible photography, for military purposes were acquired from
balloons in the Civil War. Balloons were used to map forest in 1862, but not used to acquire
aerial photographs as far as scholars can tell
1873 - Herman Vogel discovered that by soaking silver halide emulsions (sensitive to blue light)
in various dyes, that he could extend their sensitivity to progressively longer wavelengths, this
discovert led to near infrared senstive films
1887 - Germans began experiments with aerial photographs and photogrammetric techniques for
measuring features and areas in forests
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1889 - Arthur Batut take the first aerial photograph from using a kite of Labruguiere France
1899 - George Eastman produced a nitro-cellulose based film type that retained the clarity of the
glass plates which were in use at the time and introduced the first Kodak camera
1903 - The Bavarian Pigeon Corps uses pigeons to transmit messages and take aerial photos,
and someone named Julius Neubronne patented the breast mounted pigeon camera
1906 - Albert Maul, using a rocket propelled by compressed air, took an aerial photograph from a
height of 2,600 feet, the camera was ejected and parachuted back to earth
1906 - G.R. Lawrence who had been experimenting with cameras (some of which weighted more
than 1,000 pounds) which were hoisted into the air with the aid of balloon kites and associated
controls takes pictures of the San Francisco earthquake and fire from an altitude of 600 meters.
Many people have thought these photos were taken from airplanes; but Lawrence's camera alone
weighted more than the Wright Brother's plane and it's pilot combined
1907 - Auguste and Louis Lumiere, two French brothers develop a simple color photography
system and establish the 35 mm standard
1908 - Pathe motion picture photographer, L.P. Bonvillain obtains first photograph from an aerial
platform. The area where the pictures were taken is Camp d Auvours, near Le Mans, France
1909 - Wilbur Wright takes aerial photograph from an airplane of Centocelli, Italy, again a motion
picture camera is employed. Wright is in Italy trying to sell planes to the Italy government for there
campaigns in Northern Africa
1914 - WWI, produced a boost in the use of aerial photography, but after the war, enthusiasm
waned
1914 - Lt. Lawes, British Flying Service, takes what is thought to be the first airphoto over enemy
territory in WWI
1915 - Cameras especially designed for aerial use are being produced. Lt. Col. J.T.C. More
Brabazon designed and produced the first practical aerial camera in collaboration with Thornton
Pickard Ltd.
1918 - By this time in the war French aerial units were developing and printing as many as 10,000
photographs each night, during periods of intense activity. During the Meuse-Argonne offensive,
56,000 aerial prints were made and delivered to American Expeditionary Forces in four days
1919 - Canadian Forestry Mapping Program begins
1919 - Hoffman first to sense from an aircraft in thermal IR
1920's First books on aerial photo interpretation begin to be published: Lee 1922; Joerg
1924 - Mannes and Godousky patent the first of their work of multi-layer film which led to the
marketing of Kodachrome in 1935
1931 - Stevens development of an IR sensitive film (B&W)
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1934 - American Society of Photogrammetry founded. Photogrammetric Engineering first
published. This journal of the American Society of Photogrammetry was later named
Photogrammetric Engineering and Remote Sensing. The Society is also now renamed The
American Society of Photogrammetry and Remote Sensing.
1936 - Captain Albert W. Stevens takes the first photograph of the actual curvature of the earth taken from a free balloon at an altitude of 72,000 feet
1920's-30's - Interest in the peaceful uses of aerial photography increases (USDA, USAF, TVA)
1938 - The Chief of the German General Staff, General Werner von Fritsch, made a prophetic
statement at this time when he said: "The nation with the best photo reconnaissance will win the
next war."
1940 - W.W.II brought about more sophisticated techniques in Aerial Photographic Interpretation
(API). Germany leads the world in photo reconnaissance. The beginning of W.W. II, gives a real
boost to photo interpretation. Photo interpretation employed throughout the war with some
notable successes e.g. V-1 rockets, radar, water depth for amphibious landings, vegetation
indicators of trafficability
1942 - Kodak patents first false color I.R. sensitive film
1946 - First space photographs from V-2 rockets
1950's - Advances in sensor technology move into multi-spectral range
1954 - Westinghouse develops first side-looking airborne radar system
1954 - U-2 takes first flight
1957 - Russian launches Sputnik1, this was unexpected on our part and probed our government
to make space exploration a priority.
1960 - U-2 is "shot down" over Sverdlovsk, USSR
1960 - TIROS 1 launched as first meteorological satellite
1960's - U.S. begins collection of intelligence photography from Earth orbiting satellites,
CORONA
1962 - Zaitor and Tsuprun construct prototype nine lens multispectral camera permitting nine
different film-filter combinations Also during this year our country came very close to nuclear war
when military intelligence photography was brought into the lime light by the Cuban Missile Crisis
1963 - D. Gregg, while working at Stanford University, creates a primitive predecessor to digital
photography, called the "videodisk" it could capture and store images for a few minutes
1964 - SR-71 shows up in press during Presidential Campaign, Nimbus Weather Satellite
Program begins with the Launch of Nimbus 1.
Late 1960's - Gemini and Apollo Space photography
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1972 - Launch of ERTS-1, the first Earth Resources Technology Satellite. This system is later
renamed Landsat-1. Carries a return beam vidicon (RBV); and, a multispectral scanner (MSS).
1972 - Photography from Skylab, America's first space station, was used to produce land use
maps.
1975 - Launch of Landsat 2
1978 - Launch of Landsat 3
1978 - Launch and failure of Seasat. First civil Synthetic Aperture Radar (SAR) satellite
1978 - Launch of Nimbus 7 (TOMS & Coastal Zone Color Scanner)
1981 - Launch of Space Imaging Radar (SIR-A) [Sometime SIR Radar systems are referred to as
Shuttle Imaging Radars)
1982 - Launch of Landsat 4 (Thematic Mapper and MSS)
1984 - Launch of SIR-B
1984 - Launch of Landsat-5
1986 - Launch of SPOT-1, French Earth Resources Satellite (Systeme Probatorie de la
Observation de la Terre)
1990 - Launch of SPOT-2
1991 - Launch of ERS-1 European Radar Satellite, the first satellite to be launched with an
altimeter able to map the earth surface to within five centimeters
1991 - Gulf War draws public attention to aerial reconnaissance, mapping and spy satellite
capabilities
Village Removal (by iraqi military)
1993 - Launch of SIR-C Shuttle Imaging Radar
1993 - Launch of SPOT-3
1994 - Landsat-6 fails to achieve orbit
1995 - Early KH intelligence satellite data is declassified by an Executive Order signed by
President Clinton on Feb. 23. This order authorizes the declassification of satellite photographs
collected by the U.S. Intelligence community in the 1960's
1995 - Launch of ERS-2, the compliment of ERS-1 with is launched
1995 - Radarsat is launched
1995 - First indication that a new class of intelligence satellite is being developed is printed in the
press. The new satellite code named 8x is said to be a major upgrade of the KH-12 spy satellite.
The satellite which may weight as much as twenty tons will be able to acquire "intricately detailed
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images of areas as large as 1,000 square miles of the Earth's surface...with roughly the same
precision as existing satellites"; according to an article in the September 28th Los Angeles
Times. The Times article goes on to say that the current generation of photographic satellites
photograph areas about 10 miles by 10 miles (100 sq./mi.) typically showing detail as small as
about six inches
1998 - SPOT 4 with improved vegetation sensor bands achieves orbit
1999 - Landsat 7 with enhanced Thematic Mapper achieves orbit
1999 - Launch of Space Imaging IKONOS satellite (the 1st commercial 1-meter class system)
1999 - Launch of EOS AM-1 series (Terra)
2001 - Launch of Digitalglobe Quickbird satellite (commerical sub 1-meter class system)
2002 - Current best guess launch date of EOS, PM-1 (Terra II)
________________________________________________________________________
Source: http://www.geog.ucsb.edu/~jeff/115a/remotesensinghistory.html

Systematic remote sensing began in the period between World War I and World War II
based primarily on the use of aerial photography for military reconnaissance and
photogrammetry (Jensen, 2000). Through the 1950’s and 1960’s intelligence gathering
to monitor U.S.-Soviet relations beneath the backdrop of the cold war encouraged
important advancements in satellite remote sensing capabilities. However, during this
same period significant progress was made toward developing civilian remote sensing
applications. Here, the deployment of TIROS 1, the first meteorological satellite
launched in 1960 and the initiation of the Earth Resources Technology program that lead
to the LANDSAT series of satellites first launched in 1972 effectively demonstrated the
viability of remote sensing as a decision support tool. However, as remote sensing
moved into the 1980’s federal budget problems coupled with declining interest in civilian
applications witnessed a near-collapse of government satellite programs in the United
States. During this decade an attempt was made to commercialize the land remote
sensing program which led to the creation of the EOSAT corporation. Other commercial
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ventures also came into the scene, most noteable the French SPOT system which were
followed in the early 1990’s by other entries into the commercial arena (Table 2). The
OhioView model was conceived during this period of commercialization when data costs
were prohibitive and access tightly controlled.

Table 2: Current Status of Selected Earth Observational Satellites
Satellite
Name

Landsat-5

Source
Launch
Resolution(meters)
Date

Sensors

Types

US
82

MSS

Multispectral

4

TM

Multispectral

6

1984

No. of Channels

30
1
SPOT-2

120
France
20

1990

10
600
NOAA-14
US
1994
1100
1000
RADARSAT Canada
1995
9-100
OrbView-2
(SeaStar)
US/Orbimage 1997
1130
SPOT-4

France
1150

1998

HRV

Multispectral

3

Panchromatic

1

AVHRR

Multispectral

5

SAR

Radar

1

SeaWiFS

Multispectral

8

VI

Multispectral

4

HRV

Multispectral

4

Panchromatic

1

20
10
NOAA-15
(NOAA-K)
Landsat-7

US
1100

1998

AVHRR

Multispectral

5

US
30

1999

ETM+

Multispectral

6

9

1
60
IKONOS

15
Space Imaging1999
4

Panchromatic

1

Multispectral

4

Panchromatic

1

ASTER

Multispectral

14

MISR

Multispectral

4

MODIS

Multispectral

36

AVHRR

Multispectral

5

ALI

Panchromatic

1

Multispectral

9

Hyperspectral

220

Hyperspectral

256

IKONOS

1
Table 2: Continued
Terra
(EOS AM-1) US
15,30,90

1999

275
NOAA-L
EO-1

250,500,1000
US
2000
1100
US
2000
10
30

Hyperion
30
LAC
250

The OhioView Project
An Act of Congress, recent USGS, NASA, and NOAA initiatives as well as the rapid
convergence of several technologies are driving another revolution in education,
industry, and government second only to the advent of computers and the Internet.
Terabytes of currently expensive commercial satellite data that are crucial to agriculture,
civil engineering, education, disaster management, rural and urban planning, resource
development, and environmental protection in Ohio will become available during the next
four years at little or no cost. The challenge is to capture, process, and organize those
data and make them available to the citizens of Ohio in an easily usable and affordable
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manner. OhioView represents a consortium of eight universities throughout the State of
Ohio that was established to eliminate the financial and technological barriers to the use
of remotely sensed satellite data in research, education, and public and private decision
making (Figure 1).
Figure 1. Map Showing the Geographic Location of OhioView Consortium
Membership

As noted in the Land Remote Sensing Policy Act of 1992, the continuous collection and
utilization of land remote sensing data from space are a major benefit when studying
human impacts on the global environment, when managing the Earth's natural
resources, when carrying out national security functions, and when planning and
conducting many other activities of scientific, economic, and social importance, however
the cost of data has impeded its use for scientific and educational purposes, as well as
for other public sector applications. Therefore, it became necessary to find an
alternative; a model that could facilitate the data needs of educational users and
members of the general public that could not afford access to the technology. Creating a
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new model required rethinking the process and problems associated with satellite data
access. The traditional model required the interested user of satellite data to search for
relevant scenes from an archive according to time of year, cloud cover, and other
characteristics that would determine the utility of the selected scene. Once selected, an
order could be placed with an anticipated delivery time of 5 to 10 working days. Data,
once delivered could then be fed into the intended application and the desired
information products could be generated. To respond to time-sensitive events, or to fully
utilize the coverage produced by orbiting satellites, faster and more efficient methods
were required. Producing a more flexible, user friendly, and accessible pathway to
satellite data that would reduce the cost burden to the end user and create a web-based
searchable library repository for remotely sensed data were the goals directing the
formulation of the OhioView model. Several key features were critical to achieve a this
design:
• Gaining support from Government agencies central to satellite remote
sensing – Two federal agencies needed to be involved very early in the
conceptualization of OhioView; the United States Geological Survey (USGS)
and the National Atmospheric and Space Administration (NASA). The USGS
held the responsibility for managing the satellite data archive, conducting
ground data processing of the land remote sensing program and administering
data orders. The NASA Glenn Research Center in Cleveland Ohio provided a
means to access and leverage the information technology infrastructure of
NASA high speed networks that could be employed to ship ground processed
satellite data to a repository, NASA also had the technical expertise available to
help manage the data transfer and support the data servers onto which the
archive would be constructed
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• Leverage existing IT infrastructure – State investment in computer network
for education and a state-wide library system (OhioLink) of interlinked
university and public libraries formed a backbone around which the internal
flow of data and communication within Ohio could be achieved. With an
emphasis on web-based access and since ftp data transfer technology any
user connected to the state library system could access the digital archive
placed on the OhioLink system. A mirror server housed at NASA Glenn
Research Center provides direct access to OhioView faculty using IP protected
protocols.
• Develop library support capabilities – With terabytes on information
possible, satellite data derived from various remote sensing platforms requires
careful data management, indexing and archiving. Early in the conceptual
phase of OhioView the decision was made to involve expertise in managing
digital libraries. This decision insured that the complex metadata files that
accompanied each image could be used to establish searchable database with
a logical indexing structure based on recognized data standards. This would
support automated data retrieval and parsing so that on-line data access could
enjoy near-real time delivery of satellite imagery.
• Involve remote sensing faculty on a statewide basis – One of the more
significant limitations that frustrated wider use of and training in remote sensing
related to the “gate-keeper” effect promoted by high data costs, and a
concentration of resources devoted exclusively to major research universities.
Traditionally, small remote sensing programs could neither compete for, nor
share access to the technology needed to support remote sensing education
and research. Inclusion of remote sensing faculty at the state universities had a
three-fold impact: first, it democratized access to technology and fostered an
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atmosphere of data, cost and information sharing, secondly it has enabled the
leveraging of remote sensing expertise and university resources on a statewide level, and lastly, it has encouraged the development of new educational
programs and the use of innovative information technologies for distance
learning and research. Without broad involvement of the state universities
needed support from policy makers would be difficult to obtain.
The OhioView Consortium started as a grass-roots effort to improve the availability of
imagery, hardware and software to universities in Ohio and to promote education and
the use of remote sensing technology within the State of Ohio. The catalyst for the group
was the realization that with the launches of NASA's Earth Observing System (EOS) and
Landsat 7 missions, the USGS EDC would produce and deliver increasing quantities of
Earth science data products from a variety of land-observing satellites. The USGS's
Landsat 7 and NASA's Earth Observing System (EOS) data distribution policies are such
that re-distribution of data is encouraged. Further, the generation of products from EOS
and L7 data sources in near-real-time over high speed networks would open new
opportunities for user applications of these data. To this end, the USGS was directed by
Congress to "augment its information access, production, and data storage systems in
time to serve data that will be delivered by Landsat 7 and EOS" and "initiate a pilot
project with the OhioView Consortium to distribute remotely sensed data to a wide array
of data users". OhioView was formed with several important goals in mind:
1. Create a prototype of a national public access system for geospatial data from based
on US Government. Satellites,
2. Promote the use of satellite and geospatial data in education.
3. Facilitate the use of satellite data to monitor a wide variety of environmental issues,
such as flood risk, crop health, urban sprawl, and loss of wetlands.
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4. Facilitate cooperation between education, federal, state and local governments in
remote sensing through cost sharing.
5. Facilitate research and development in the applications of satellite data.
6. Establish Earth Science Libraries for satellite and geospatial data synthesis and
dissemination.
7. Leverage Internet2® a high-speed network to provide satellite data to the public,
educators, academia, scientists, and community leaders in Ohio and the Nation.
8. Leverage existing State and Federal resources to sustain system capabilities.

Following the anniversary of the programs fifth year of operation many of these
goals have been achieved.
Figure 2. Organizational Structure of OhioView Members and Partners

OhioView Today
Presently, OhioView is a consortium of ten state universities in Ohio and an information
technology infrastructure supported by cooperative agreements between the USGS EROS
Data Center and the NASA Glen Research Center. The participating universities are listed
in Figure 3. It is anticipated that more colleges and universities, local governments,
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secondary schools and private companies within Ohio will become members of OhioView
as the use of remote sensing data grows within the state. Presently, OhioView has
received three $3 million federal budget line items. Due to the operational success of the
program, there it is reasonable to expect this figure to be increased with additional federal
funding from Congress. These federal funds paid for a new satellite-data receiving, ground
station at the Eros Data Center in South Dakota and for high-speed computers to prepare
the data for transmission as well as ultra-high-speed data links to Ohio. Three federal
grants paid for a modest proof-of-concept prototype research information distribution
system for Ohio which has grown over the last five years in a fully functional distribution
system. An example of the web-interface used by OhioView to access on-line data and
information resources is shown in Figure 3.
Figure 3. Screen Capture of the Opening Page of the OhioView Web Site at
www.ohioview.org
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The detailed network-system architecture of the OhioView data infrastructure is
illustrated in figure 4 and figure 5. As shown in figure 4, the USGS EDC receives a
Landsat 7 data stream and performs a level 1 correction of the individual scenes. The
data is then transmitted from the USGS server using an OC3 network system capable of
data transfer rates of up to 150 megabits/second. Utilizing the NASA Integrated Service
Network (NISN), these Ohio scenes are sent to the OhioView server at NASA Glen
Research Center in Cleveland, Ohio. From the NASA Glen facility, data are shipped
using the NASA research and education network (NREN). The corrected satellite data is
then broadcast through the OhioView system in two complimentary ways. First from the
Main server to slower and smaller systems at each consortium university has been
granted ftp permission to browse the main server and metadata and take specific scenes
as needed. Alternatively, data are send to a main server installed at Miami of Ohio
University where it is placed into a temporary archive. Every 16 days scenes in this
archive are replaced in this repository as well as in the central OhioView server at NASA
Glen. The older scenes are archived and made available to future users of the data
through the Miami of Ohio USGS CD-ROM production facility.
Figure 4. Landsat 7 and MODIS/ASTER Data Delivery Paths
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Figure 5. OhioView Data Mirror and Archiving

Removing data access and cost restrictions has contributed to the enrichment of
research and education program in Ohio and has produced a myriad of practical
applications using satellite imagery. In Ohio, for instance, gypsy moth infestations in
valuable forests ($1 billion/yr in forestry revenues) are being mapped using LANDSAT
Thematic Mapper (TM) data from both LANDSAT 5 and LANDSAT 7. Recent
algorithms have been developed for mapping E. coli and coliform concentrations in Lake
Erie and the streams flowing into it. Several agricultural applications are under recent
study, including an accurate measure of the area of cropland. Best of all, these and
other applications are being used in K-12, undergraduate, and graduate classrooms
every week of the academic year. Over the last five years of operation, OhioView can
note several important milestones with respect to the use and delivery of satellite-based
technology:
• Improved Timeliness of Data Delivery: Prior to OhioView, researchers
typically had to wait 2 months after LANDSAT data were collected before
obtaining the data, which rendered impractical the monitoring of vegetation
(agriculture, forestry, etc.), water quality, and environmental factors. OhioView
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lobbied Congress for USGS funds to streamline the data delivery stream at
the USGS EROS Data Center and demanded 48-hour delivery for freshly
collected data, which is now the norm for all researchers in OhioView.
• Reduced Data Costs and IT Overhead: Prior to OhioView, researchers had
to pay $4,400 for one frame of LANDSAT data, and could not afford to do
research on vegetation, water quality, or other environmental matters because
they required multiple overpasses of each frame, which was prohibitively
expensive. OhioView lobbied for the reduction of LANDSAT 7 data charges to
one-tenth that price ($425 per frame) and negotiated with the state of Ohio to
provide $150,000 per year for every frame of LANDSAT 7 TM data collected
over Ohio with less than 30% cloud cover. With new public domain licenses
for LANDSAT TM data, we can now use and share this data for all our
universities for education and research at no additional cost.
• Experimentation with Distance Education/Research: Currently, the number
of individuals in the world who understand how to use satellite data in solving
every day problems is limited. Consequently, the demand for that data is also
limited. With encouragement from the remote sensing community, especially
the commercial sector, the 10 universities that form the nucleus of OhioView
are in the early stages of forming a virtual university for remote sensing. No
one university in the state currently offers enough courses to grant a degree in
remote sensing. However, as a group, there are more than enough diverse
courses available in OhioView universities to constitute a degree program.

Putting OhioView to Work
Remote Sensing has been referred to as a mature technology with an immature
application base (Vincent, 1997). While this statement is not to suggest that there has
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been an absence of remote sensing research over the past 30 years, it does underscore
the gap that exists between research conducted in laboratories for publication in
scholarly journals and the practical applications that demonstrate the utility of this
science as a tool to aid policy making. One of the main goals of OhioView has been to
close this application gap and undertake a series of demonstration projects that
showcase the practical use of satellite data. For example, at Bowling Green State
University a project has been underway to develop classification algorithms that can
detect phycocyanin growth in Lake Erie. This is important since several cities, including
Cleveland and Toledo, take their drinking water from Lake Erie, and people can be
sickened or killed by the resulting toxins, which are not killed by chlorine. This project
has shown that phycocyanin, a precursor of toxic algae blooms, can be effectively
mapped from LANDSAT 7 data in Lake Erie and provide critical early warning
information to water districts in the region and have never considered using satellite data
has part of their operational decision making (Figure 6). Work at Bowling Green State
University also has also developed a LANDSAT data model for mapping the sum of E.
coli and coliform bacteria colonies in waters of Lake Erie and the rivers flowing into it,
bacteria with equally significant public health implications.
Elsewhere, OhioView members have shown that satellite data when made
accessible to the general public, can become a cost-effective solution in resource
management applications. For a state such as Ohio where agriculture and natural
resources play an important role in the state’s economy, having timely data that can be
used to assess and monitor land resources is critical to effective policy making. For
instance, as early as 1974, researchers showed that gypsy moth infestations of
deciduous forests could be detected from LANDSAT I data.
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Figure 6. Satellite Detection and Mapping of A. Phycocyanin and B. Coliform on
Lake Erie Based on Landsat 7 Data.
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However, because of the lack of timely data delivery and the cost of data, foresters did
not employ LANDSAT in mapping these infestations prior to eradication efforts. Wright
State University now has shown that such infestations can be mapped more effectively
using LANDSAT 7 than by the current use of airborne observers. When satellite data are
employed, the combined defoliation-refoliation events produce a strong spectral
signature that can be used to measure the effectiveness of treatment programs over a
wider geographic area (Figure 7). These findings are significant since it has been
estimated that over $20 billion in tree products have been lost to the gypsy moth in 15
Eastern states during the 1974-2001 time period: a time period when LANDSAT data
were being collected, but were delivered too slowly to solve this monitoring problem.
Figure 7. Gypsy Moth Defoliation in Ohio as Detected from Landsat 7

Determining program effectiveness has also been a topic of interested at Ohio
University. Here, the role of satellite data in strip mine reclamation and watershed
restoration has been examined. During the 1960’s and early 1970’s coal strip mining
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emerged as the dominant mining method in the United States. This new technique
brought with it a range of adverse environmental impacts that state governments were ill
prepared to prevent. In 1977 the congress of the United States passed the Surface
Mining Control and Reclamation Act (SMCRA), perhaps the most comprehensive coal
mining law in the nation’s history. Despite this important legislative mandate, strip mining
remains synonymous with environmental controversy largely due to the legacy of
destructive exploitation resulting from grossly under-regulated coal mining operations of
the past and their lingering effects on today’s environment. According to statistics
complied at the time the SMCRA became law, two thirds of the land that had been
mined for coal had been left un-reclaimed and the majority of those affected areas were
found in the states comprising Appalachia (Lein, 2000). In this study an approach
utilizing data gathered from the Landsat system of satellites was introduced. Using
satellite data critical indicators were derived that can be applied in long term reclamation
monitoring ( Figure 8). This study demonstrated that the Normalized Difference
Vegetation Index (NDVI) when coupled with satellite derived measures of near-surface
temperature provide an effect tool to identify surface conditions indicative of mining. Key
to this application is the inverse relationship observed between NDVI and temperature.
When a mine site, or any area characterized by disturbed vegetation rehabilitates there
is a measurable increase in NDVI and a corresponding decrease in near-surface
temperature. Using this relationship, managers can track reclamation areas looking for
the emergence of this pattern and use this relationship as an early warning signal when
re-vegetated areas fail to model this trend.
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Figure 8. Normalized Difference Vegetation Index Mapping Over Southern Ohio
Coal Fields Using Landsat 7 Data

Land cover mapping has also been a subject examined by OhioView. Land cover
mapping projects focused on two application problems. The first involved a statewide
effort to map agricultural change and investigate the problem of farmland loss to
urbanization. In this demonstration project a standard land cover classification system
was applied to Landsat 7 and Landsat 5 images according to Path/Row combinations
corresponding to the location of OhioView universities. For this study, the period 1989 to
1999 was selected and a post-classification change detection technique was used to
produce a series land cover change maps that could be used to document statewide
trends (Figure 9). Specialized land cover studies have also been conducted using the
satellite data acquired via the OhioView program. For example, the University of
Cincinnati has been involved with the Leech Lake Band of Chippewa in Minnesota
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providing assistance in mapping wild rice production and areas that support sugar maple
(Figure 10).

Figure 9.Land Use Change Mapping for Central Ohio (Path 19, Row 32)

Although not exhaustive in scope, this selective review evidences the diverse expertise
of OhioView’s members and illustrates a broad spectrum of initiatives for addressing
remote sensing issues affecting Ohio and the region. With it’s public education
emphasis, OhioView represents an important bridge between state, county and
municipal governments and the commercial satellite industry that reduces the cost and
accessibility bottlenecks that frustrated the early years of the civilian remote sensing
program in the United States and provides a point of contact for education and
assistance in the use of this technology for day-to-day decision making. Building on this
foundation, OhioView has embarked upon a program to promote the discovery and
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verification of new applications of satellite data, create new educational programs in
remote sensing, and to assist in the transfer of remote sensing technology in the
commercial sector within the state.

Figure 10. Land Cover Mapping of A.) Wild Rice Production and B.) Probability of
Sugar Maple Derived from Landsat 7 Data

This year marks the 30th anniversary of the NASA landsat satellite. Since that date
NASA has successfully orbited five additional land-imaging satellites that have made
significant contributions to our understanding of our planet. With the continuing support
of programs such as OhioView, the market for future satellite systems and their data
products will grow and the application base to which these data may be put will expand.
Moreover, with greater public access to these data, support for federal spending on
future satellite initiatives can be assured.
Conclusions
Remote sensing is not a new science, unfortunately barriers related to cost and
accessibility curbed wider interest in the use of this important data resource for research
and education. However, when data are available the tangible benefits of remotely
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sensed data are considerable and include: 1) the ability to view a large area of the
Earth's surface at one point in time, 2) the ability to update research with new data
multiple times per year and 3) the ability to obtain information for areas of the earth that
would otherwise be very difficult to reach, physically and/or financially. Subsequently,
remote sensing is an extremely useful way to study both spatial and temporal
phenomena, and continuous improvements in spatial, spectral, radiometric, and
temporal resolutions coupled with decreasing costs will make remote sensing techniques
accessible to an expanding array of potential users. OhioView was founded in 1996 in
response to these barriers and represents a unique partnering of federal agencies and
state universities to form a consortium whose primary goal has been to expand access
to and education in remote sensing technology. The purpose of this paper was to
describe the OhioView program and outline its main features for the purpose of both
critical evaluation and to provide a model that others may follow. As satellite systems
become commonplace their data products can play a significant role in many aspects of
government and corporate planning. Through mechanisms such as OhioView wider
access to these specialize data becomes possible and a greater appreciation for future
investment in these technologies can be gained.

Remote sensing, while a mature technology, suffers from an application focus that has
been constrained by a general lack of awareness about the science and the high level of
multidisciplinary expertise required to create useful applications. As a consortium,
OhioView has maintained a continuing program of outreach and applications research
strongly rooted in real-world problems, and, owing to its educational foundation, supports
undergraduate and graduate programs that advance remote sensing. These aspects of
the OhioView will generate the skilled technical workforce needed to support and sustain
the technology over the long-term. As the pilot project for a national satellite
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dissemination program, OhioView has also developed important relationships with many
diverse communities, including historically black colleges and universities in the state
along with Native Alaskan and Native American communities across the nation. To build
remote sensing education and applications with these partners, OhioView extends its
expertise to assist these communities develop the infrastructures required to successful
achieve the benefits of this technology. With OhioView and the evolving national
program a mechanism exists to reduce the social distance between application
developers and end users, and a means is in hand to place remotely sensed data into
the hands of students and educators to enhance training in this sophisticated satellite
technology.

References
Brown, D.L. and Rodriguez, J. M., 1992. "Environmental Satellites Enhance
Science Education", IEEE Technology and Society Magazine, Spring 1992,
pp.41-45.
Cihlar, J., Fisher, T. and Guindon, B., 1994. "Information Technology for
Handling Earth Observation Data", Remote Sensing Reviews, Vol.8, pp.225-239.
Curran P.J., E.J. Milton, P.M. Atkinson and G.M. Foody, 1998. Remote Sensing: From
Data to Understanding. In: P.A. Longley, S.M. Brooks, R. McDonnell and B. MacMillan
(Editors) Geocomputation: A Primer. John Wiley & Sons Ltd.

Jensen, J. (2000) Remote Sensing of the Environment, Prentice Hall, Upper Saddle
River, NJ, p 544.
Lein, J. (2001) Evaluating the Utility of Land Satellite Information for Strip Mine
Reclamation Monitoring and Assessment, Papers and Proceedings of the Applied
Geography Conference, p 1 –9.
Lillisand, T. and Kiefer. R. (1994) Remote Sensing and Image Interpretation, Wiley and
Sons, New York, NY, p 736.
Miller, R. (2002) Bridging the Gaps Between Bridging the Gaps Between and
Applications, Imaging Notes, 17 (3), http://www.imagingnotes.com/ (Nov. 20, 2002)

28

National Research Council, Space Studies Board and Ocean Studies Board,
Transforming Remote Sensing Data into Information and Applications. Washington,
D.C.: National Academy Press, 2001.
Stallkamp, L. Remote Sensing Data As A Public Good,
http://www.space.edu/LibraryResearch/stallkamp.htm (Nov. 10, 2002).
Vincent, R. (1997) Fundamentals of Geological and Environmental Remote Sensing,
Prentice Hall, Upper Saddle River, NJ, p366.

29

