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INTRODUCTION

Recent advances in digital elevation technologies are now allowing the National Digital
Elevation Program (NDEP) to move towards the next generation of high accuracy digital
elevation data coverage for our nation. For the first time, highly accurate digital elevation
data and derivative products from lidar and IFSAR technologies are being considered as the
necessary foundation for all other geospatial data themes and for Geographic Information
System (GIS) applications.'

Through the years, digital elevation data has evolved to support a wide variety of GIS
and mapping applications needs. Elevation data are used to support ortho-imagery produc-
tion to remove image displacement caused by terrain relief, hydrologic modeling applica-
tions such as stream flow monitoring and forecasting, terrain/slope modeling applications
such as hazards monitoring and detection (e.g. landslides), the generation of vector con-
tours, and other environmental and natural resource modeling applications requiring land
surface elevation data.

The U.S. Geological Survey (USGS), through the National Mapping Program, has
maintained a lead role in the collection and dissemination of digital elevation data for the
nation since the mid 1970s. It was during this time that the first “Digital Elevation Model”
was developed to support the collection and dissemination of digital elevation data to the
public. In the early 1990s, the USGS began to realize a growing need to complete once-
over coverage of its digital elevation data sets for the nation. In 1995, the USGS Elevation
Program was implemented with an organizational strategy to better focus efforts on the
completion of 7.5-minute, 30-meter or better post-spacing DEMs, the evaluation and
implementation of new elevation technologies, and the implementation of partnership
strategies to build a sustainable and viable National Digital Elevation Program.

This chapter will take you on a short journey for an insiders look at the goals and
accomplishments of the NDEP, the history of producing elevation data, and the future
directions of the NDEP.

PROGRAM GOALS AND ACCOMPLISHMENTS

Elevation Program Vision
The NDEP serves the nation by assuring that the availability of elevation data meets or
exceeds national requirements by: investigating, evaluating, and implementing new
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technologies in support of improved resolution and accuracy; by supporting data mainte-
nance strategies; and by pursuing data development research.

Elevation Program Goals

e Ensure public domain availability of elevation data for the nation, and that the nation’s
growing demand for highly accurate elevation data is met or exceeded.

e Develop and maintain a leadership role in the NDEP consortium and provide national
leadership in elevation data acquisition standards.

e Establish national guidelines for the resolution and vertical accuracy of high-resolution
coverage through partnerships with NDEP member agencies, other federal agencies,
state, local, and private organizations.

e Collaborate and partner with government and private organizations to test, analyze,
and improve elevation data technologies, products, and applications. High accuracy
elevation data sources such as lidar and IFSAR will be collected, archived, and ex-
ploited.

e Integrate high-resolution data obtained under this program into the National Elevation
Dataset (NED).

e Archive and maintain National digital elevation databases and assure National elevation
databases adhere to National Spatial Data Infrastructure (NSDI) principles and standards.

e Provide access and distribution of unrestricted, public domain elevation data, via the
Internet and utilizing business partners.

e Archive, distribute, and exploit data from the space Shuttle Radar Topography Mission
(SRTM) and from future satellite missions.

Data Maintenance Program

Once-over national coverage of 7.5-minute DEMs at 30-meter or better post-spacing was
completed in September of 1999. Included during the once-over completion strategy was a
simultaneous maintenance strategy that began by identifying and then replacing existing
poor quality DEMs as program finances permitted. In many cases, poor quality DEMs were
replaced to support DOQ accuracy requirements and to provide consistent elevation data
for integration with other USGS data programs. Program goals included a timeline and
identified over 18,500 DEMs that were needed to complete coverage of the conterminous
United States with another 2,080 DEMs required to complete coverage in Alaska. Approxi-
mately 6,000 new DEMs were required per year to complete the Government Performance
and Results Act (GPRA) goal. In addition, the NDEP recognized the need for increasing data
quality of existing data holdings and was pursuing assessment and replacement of products
produced via old technology.

To further this maintenance strategy, the NDEP continues to encourage partnerships
between federal, state, local, and private sector organizations to cooperatively build and
maintain digital elevation data for the nation. To meet ever-increasing customer demands for
better accuracy and higher resolution, substandard or outdated DEM products must be
replaced at an increased rate. Data improvements and maintenance efforts will now include
the use of USGS 10-meter drainage enforced DEMs, lidar, and IFSAR technologies to
support the ever-increasing user requirements. Data replacement and maintenance activities
are primarily accomplished through private sector partnerships, Innovative Partnerships (IPs),
and interagency collaboration. Additionally, USGS personnel contribute to data collection,
quality assurance, data assessment, and technology research activities at levels suitable for

Chapter 4




National Digital Elevation Program (NDED)

ensuring data specifications are met, data update rates are improved to meet customer
demands, and technological advances are adopted that reduce costs or improve quality.
As we begin to use and incorporate lidar and IFSAR technologies with their higher data
accuracy and resolution, newly developed technical guidelines and standards will provide a
flexible approach while responding to a wider range of user requirements. As a guiding
principle, considerations must be given to federal, state, local, and private sector programs
that require varying resolution and accuracy of data due to mission-specific requirements. As
new elevation technologies are developed, applications collaborations will continue to be
developed with the user community to learn and demonstrate the utility of these technolo-
gies and to provide feedback for future developments. The NDEP will closely monitor
emerging trends and standards to assess the NDEP’s relevancy and compliance as well as
assure that its goals and products continue to serve the nation’s elevation requirements.
USGS data development and data acquisition activities will continue to emphasize and
encourage partnerships with private industry, other government agencies, and academia.

Government Performance and Results Act of 1993 (GPRA)

In January 1993, the U.S. Congress passed the Government Performance and Results Act
(GPRA) and in doing so was seeking to hold the federal government more accountable to
the American people for the tax dollars the government spends and the results it achieves.
GPRA has three main components: strategic plans, annual performance plans, and annual
performance reports.

In complying with the GPRA, the USGS Policy Council and Strategic Planning Team
published the Strategic Plan for the United States Geological Survey, 1996 to 2005. In this
document, strategic actions are outlined for program planning of the USGS Geographic and
Cartographic Information Business Activity. This business activity established one objective:
to accelerate change from traditional product lines (typically paper maps and reports, but
including older digital product lines) to new digital geospatial product lines that respond to
changing customer needs. Goals outlined the need to develop new techniques and prod-
ucts to meet customer demand for data, information, and applications.

In support of the USGS mission to meet the nation’s need for basic geospatial data, and
within the scope of the Strategic Plan, the National Mapping Program in January 1998,
outlined the quantifiable and measurable performance goal of completing national coverage
of 7.5-minute DEMs by the end of fiscal year 1999. This effort was already well underway
and had been a USGS goal since the inception of the NDEP in fiscal year 1995. At this time,
the NDEP initiated an aggressive organizational strategy to better focus USGS efforts to
ensure public domain availability of elevation data for the nation and outlined a multi-year
plan to complete once-over coverage of digital elevation data for the conterminous United
States by the end of fiscal year 1999.

Since inception, the NDEP has recognized the challenges of an expanding market for
geospatial data, changing customer expectations driven by technological advancements,
and pressure to reduce federal spending. To be successful the NDEP would be dependent
upon a highly qualified workforce, new partnerships with a variety of government custom-
ers, and private industry.

Funding strategies focused on program support via reimbursable income earned through
cooperative agreements with various federal, state, and local entities, with an investment of
over $2 million per year over 4 years. Aggressive contracting goals were also in place for
the USGS and the NDEP took full advantage of contract funding to assist in meeting the
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GPRA goal. For the five fiscal years between 1995-1999, the NDEP contracted for the
production of approximately 17,000 7.5-min DEMs with over $5.6 million going out to
private industry.

The NDEP was successful at completing 7.5-minute DEM coverage of both the conter-
minous United States and Alaska, with the last archive being completed in the fourth quarter
of fiscal year 1999. Benefits of reaching the GPRA goal are wide spread, but contribute
greatly to the support of the NED, the GIS community and the increasing customer demand
for data, information, and applications. The NDEP continues to focus on customer require-
ments and recognizes the continued need for high quality data so is now expanding
investments in maintenance and investigations of new technologies.

HISTORY OF USGS ELEVATION DATA

The production methods, data quality and user expectations of USGS DEMs have changed
significantly since USGS began producing DEMs in the mid 1970s. While early DEMs might
have been considered advanced for the time, by today’s standards these DEMs do not
meet the data quality requirements of today’s users. Many factors should be considered
when evaluating past DEM data quality such as the data sources, process, equipment, and
software used by USGS, cooperating agencies, and private industry contractors. We have
been witness to an ongoing effort by government and industry to continually improve the
instrumentation and a variety of software systems for producing elevation data. Knowledge
of the history of USGS DEM production leads to a better understanding of the current
elevation products available from the USGS.

DEM Product Definition

The focus of this history is the 7.5-minute DEM because this product series tracks the produc-
tion processes from their origins until today. Other DEM products distributed by USGS were
not produced by USGS, were produced from 7.5-minute DEMs, or used the same methods
as 7.5-minute DEMs. The 1:250,000-scale DEMs were made by the National Imagery and
Mapping Agency and only distributed to the public by USGS. The 30-minute 1:100,000-
scale DEMs were produced by USGS, but these DEMs were either produced by assembling
and resampling 7.5-minute DEMs or used the same processes as the 7.5-minute DEMs. The
15-minute DEMs in Alaska have used exactly the same processes as the 7.5-minute DEMs, so
only the history of 7.5-minute DEMs is specifically discussed here. The 30-minute DEM
format was defined much later than the 7.5-minute DEM format and USGS choose to use an
arc-second format for the 30-minute DEMs rather than a UTM format as was used for the 7.5-
minute DEMs, but other than the coordinate system, the processes to produce the 30-minute
DEMs were not very different from the processes for the 7.5-minute DEMs.

The first DEMs produced by USGS were 7.5-minute quadrangle based. The format was
defined with a paramount concern for the size of the data files and the complexity of the
processing to create the DEM. The 7.5-minute DEM data were referenced horizontally to
the UTM coordinate system at x and y intervals of 30 meters. The 30-meter grid spacing
was chosen because the resulting file-size was about one megabyte and that was as large a
file size as could be reasonably accommodated by the production systems and available
computers. The resolution of the DEM grid captured the elevation information collected by
the instrumentation reasonably well, so this spacing was considered adequate. The UTM
coordinate system was chosen because the calculations associated with the UTM coordinate
system were less complicated than for geographic coordinates, so the required computer
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processing could be done in a reasonable time and for a lower cost on the “large” main-
frame computers that were used for DEM production. The USGS quadrangle was the
obvious area of coverage, not only because USGS uses quads, but also that DEM production
was tied to USGS orthophoto quadrangle production.

Elevations were initially only in whole meters to limit the number of significant figures for
each elevation post and the resulting file size. Later the specifications were expanded to
include whole feet and then further expanded to include decimeters and centimeters. USGS
has not used vertical units finer than decimeters in actual practice for standard DEM prod-
ucts, even though the current specifications allow a range of units from whole meters to
centimeters plus whole feet. Although the accuracy of USGS DEMs does not justify decime-
ter units, whole meter units produced step artifacts in certain representations of the data, so
a finer metric resolution was needed to reduce these artifacts to a level acceptable to users.
Whole foot units were often used solely to reduce the stepping artifact until finer metric units
were added to the USGS DEM specifications. USGS has been reluctant to make DEM
specification changes that would require changes to all the software systems that read, write,
and interpret the USGS DEM format. USGS DEMs are currently made with meter, decime-
ter, and foot units. Centimeter units have not been used for producing DEMs that have been
placed into the USGS database, even though the specifications and production systems
support centimeter units and certain DEM products are available for distribution in centime-
ter units.

The limitations of computing in the mid 1970s had much to do with the USGS DEM
format that is still used today with minor modifications. The limited amount of metadata is
highly codified so a single integer or two might describe many characteristics of the DEM.
Computers and software used in the mid 1970s dealt efficiently with numbers and not very
well with alpha characters, so integer codes are used instead of letters and words to de-
scribe the data. Machine translators readily convert these numbers to word descriptions, but
a USGS DEM is difficult for most people to interpret when looking at the data itself. A more
user-friendly format is desired, but with over 50,000 quadrangles and many dependent
software systems, a universal format change is not easily executed even though the limita-
tions that originally led to the format no longer exist.

The orientation of the DEM profiles along the X-axis of the UTM grid is not quite parallel
to the sides of the quadrangles except at the exact center of the UTM zone, so profiles near
the side edges of the quadrangles are almost always shorter than the interior profiles. Interior
profiles may also vary slightly in the number of postings in each profile particularly near the
edge of the UTM zone. No data was added to fill the profiles to a constant length because of
the desire to keep file sizes as small as possible. This characteristic has caused an error found
in many USGS DEMs. One or two grid postings may be missing along the profiles where
the profile approaches the sides of the quadrangle. The angle between the UTM grid and
the quadrangle edge can be very small and internal computing precision may be inad-
equate to determine whether a posting falls just within a quadrangle or just outside the
quadrangle. Sometimes a post may be omitted on the north or south edges for similar
reasons, but this occurs much less frequently. An arc second grid format or full length
profiles that included postings outside the quadrangle would have avoided this problem,
but file size was a major concern and this problem was not anticipated when the format was
defined many years ago. The problem was not recognized until DEMs could be viewed
adjacent to each other and data voids were discovered along the edges. This problem has
continued from the beginning of DEM production and still occurs today.
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Photogrammetric DEMs

Development of USGS 7.5-minute DEM production began in the mid 1970s as an offshoot
of USGS orthophoto production. Both the DEM and the orthophoto products were originally
made on the same equipment in much the same way. The earliest USGS DEMs were
produced using photogrammetric methods. Two collection methods were used for the
production of USGS DEMs in the mid 1970s, autocorrelation and manual stereomodel
profiling. The source photography for both processes was generally quad-centered,
1:80,000-scale National High-Altitude Photography (NHAP). This photography was used
because a single photo in the center of the quadrangle could be used for making an
orthophoto quadrangle and only two stereo models were needed to cover a quadrangle,
which reduced the need for photographically mosiacing the orthophotos. The characteristics
of this photography did not support high accuracy DEMs, but orthophotos were the primary
focus at the time, not DEMs.

DEMs that are produced photogrammetrically are often referred to as level-1 DEMs.
High quality DEMs that are photogrammetrically produced today are still given a level-1
designation. Level-1 DEMs have acquired a meaning of not being very good quality DEMs,
even though the designation means only that the DEM was produced using photogrammet-
ric methods. USGS is trying to move away from the use of “levels” toward the use of
complete metadata to describe DEMs, since levels are no longer adequate descriptors of the
characteristics of DEMs. The multiple and hybrid approaches for DEM production in use
today require more complete metadata than the current specification supports.

Autocorrelation
The method of autocorrelation began with the GPM2 (Gestalt Photo Mapper Model 2)
instruments in the mid 1970s and continued to the mid 1980s. The GPM2 was a semi-
automated photogrammetric system designed to produce both orthophotos and digital
terrain data, but not at the same time. The electronic image correlation component of the
GPM2 measured the parallax of 2444 points within a 9mm x 8mm area of analog photos.
Areas of autocorrelation were called patches. The horizontal spacing of the elevation points
within each patch was approximately 0.182mm at photo-scale and approximately 47 feet on
the ground using 1:80,000-scale photography. The GPM2 instrument provided digital
elevations for over 500,000 points within a typical quadrangle. The instrument would move
from patch to patch and the operator would place a floating mark on the ground at the
center of each patch to provide an initial point for correlation of the images to begin. The
parallax would clear across the patch beginning from the initial point and the operator would
then move to the next patch. The process was similar for producing an orthophoto, but the
patch was hexagonal instead of rectangular. The GPM2 could not perform the two processes
of making an orthophoto and a DEM at the same time. Digital imaging autocorrelation
instruments, such as the OLOPS (Off-Line Orthophoto Production System), were subse-
quently used by USGS and orthophoto contractors until the late 1990s, but the concept
remained the same even though the quality of both the orthophotos and DEMs improved
with more advanced systems. DEMs produced using autocorrelation are not bald earth
DEMs and trees, large buildings and other structures are sometimes visible in shaded relief
images of the DEM.

An artifact common to many GPM2 DEMs is the appearance of a square grid pattern in
a shaded relief graphic of the DEM. This grid effect is the result of poor correlation at the
edges of the patches resulting in inaccurate elevation values. The edges of the patches do
not match well and the outline of each patch becomes apparent. The primary cause of this
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anomaly was that autocorrelation was restricted to the bounding limits of the patch with no
overlap. The hexagonal patches were also visible in the orthophotos for the same reason.
Another anomaly occurred that went undetected for several years. Areas of the patch would
sometimes fail to correlate and the instrument would produce spikes in the data that could
have vertical errors of several hundred feet. This artifact occurred in uniform areas that lacked
contrast such as water, continuous trees, or sand. USGS did not use DEMs and had no
viewing or editing system at the time, so these errors were not found by USGS and were
first revealed by users of the DEMs.

Manual Profiling

Early orthophotos were mechanically produced on stereoplotters that included devices to
mechanically expose the film for orthophotos. In the mid 1970s, encoders were added to
the plotters to collect digital profile information for DEMs while the operator produced the
orthophoto. Since the exposure of the film was tied to the speed of the profiling, the
operator could not change the speed of travel in the stereomodel to help keep the floating
mark on the ground in rough terrain. The operator could only pause travel at the end of a
profile. Later, orthophotos were produced off-line from the digital data and the operator
could then control the profiling speed to accommodate different terrain along the profile.
Analog stereoplotters were used until the late 1980s and analytical stereoplotters were used
for profiling from the early to late 1980s when profiling was discontinued by USGS. USGS
orthophoto contractors produced profiled DEMs until the late 1990s. The profiling operation
was tedious and boring for most operators, which may have led to some of the artifacts in
these DEMs.

An anomaly called “striping” is a common occurrence with many manually profiled
DEM:s. This anomaly results when the floating mark is allowed to pass either above the
ground or below the ground on a profiling pass. The tendency was to be above the ground
after passing over a ridge and below the ground going up the ridge with the reverse being
the case when crossing streams. The error occurs in opposite directions for successive
profiles, so the anomaly contributes to a relative difference between profiles that can
become quite large. Even in flat areas, operators tended to have a vertical bias depending
on the direction of travel in the stereomodel. Although the stripes in flat areas are relatively
small, they are quite noticeable in a shaded relief image and have a significant effect on
some applications.

The quality control processes did not include viewing the DEMs, but the DEMs were
tested for accuracy using methods specifically associated with the two processes. The test
method for profiled DEMs computed the RMSE from a minimum of ten aerotriangulation test
points, plus the nine aerotriangulation pass points and any control points in the two
stereomodels covering the quadrangle. The method of testing autocorrelated DEMs com-
puted the RMSE using the relative differences between the edges of the patches. Both
approaches for testing photogrammetric DEMs could miss fairly large errors in the data. The
person profiling the stereomodel knew the locations of the aerotriangulation points because
they were marked on the photos and these points tended to be in locations that were easily
read in the model, not on the sides of ridges or on tops where the errors were the greatest.
For autocorrelated DEMs, large errors in areas that failed to correlate, may not have been at
the edges of the patch where the RMSE was calculated. The large number of points that
were included in the RMSE calculations could often mask moderately large errors on patch
edges.
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DEM Production from Contours

USGS began digitizing contours from graphic quadrangles in the late 1970s and USGS had a
strong desire to use this available source of elevation information from USGS quadrangles for
producing DEMs. The digital vector contours are called DLG (digital line graph) - hypsogra-
phy and were not initially collected for the production of DEMs. Much effort had been
focused on collecting graphic elevation information on USGS maps for many decades and
digitizing the contours was the first step toward transforming the graphic information from
the maps into a more useable digital form, specifically a DEM. The expectation was that the
resulting DEMs from contours would not only be much more accurate, but that these would
be much less costly to produce, particularly if the DLG was available. The process was really
a graphic to digital conversion of available elevation information rather than the collection of
new elevation information as was the case with the photogrammetric approaches.

Contour to Grid Software

The USGS contracted with commercial software developers to produce software that could
create DEMs from DLG-hypsography. The resulting software was called CTOG for Contour
TO Grid. Early versions produced many artifacts, but USGS took over maintenance of the
software and continued to make improvements throughout the life cycle of CTOG. The
software was first used in the mid 1980s and was phased out during the early 1990s. DEMs
that are produced from contours are considered level-2 DEM:s. Again, USGS hopes to use
fully compliant metadata, rather than levels and certain other characteristics, to better
describe DEMs. Currently, level-3 DEMs are designated as being made from contours and
other specified information that includes breaklines from hydrography, roads, and ridges.
USGS does not use the breaklines described in the product specifications for level-3 DEMs
because only breaklines from hydrography were found to be useful for improving the quality
of the DEMs with the current gridding software. Consequently, current DEMs from contours
are also designated as level-2 DEMs, even though breaklines from hydrography are in-
cluded in the gridding process. Several thousand DEMs were produced using the many
evolutionary versions of CTOG. DEMs produced with the later versions are much better
quality than the DEMs produced with the early versions of CTOG. Contour to grid software is
still used by USGS to produce DEMs from contours, but the current gridding algorithm is
more robust than any of the CTOG versions.

Advancements in Contour Collection

Improvements in contour collection capabilities did not have an effect on DEM quality, but
did have a tremendous effect on the ability to increase DEM production from contours and
the availability of complete national coverage of 7.5-minute DEMs. Manual digitizing never
produced enough hypsography data to have an effect on DEM production. Automatic line-
following systems were also used for a time, but they were very expensive and had little
impact on DEM production. Raster scanners provided the first technology that ultimately led
to significant increases in DEM production.

Contours for DLGs were collected using Sci-Tex raster scanners and edited with Sci-Tex
raster edit stations that could then convert the data from raster to vector. The Sci-Tex
systems used internal proprietary formats and the equipment was expensive. Nearly the full
capacity of the equipment was used for DLG production and only a small portion of that
DLG production was DLG-hypsography. Consequently, few DEMs from contours could be
produced using this approach and photogrammetric DEM production continued to be the
primary production method used by USGS.
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A supplemental DLG digitizing capability was developed by USGS to directly
collect DLG data during map compilation. These data include direct compilation of
digital contours from the stereomodel. A few thousand DEMs were produced using
CTOG from contours acquired using this method from the mid 1980s to the early 1990s,
but this approach still did not offer the breakthrough needed to significantly increase the
production of level-2 DEMs.

USGS acquired scanning equipment about 1990 that produced generic raster data that
could be used on a variety of raster edit stations. Many more edit stations were available
and more digital contours could be produced. CTOG was used to make a DEM whenever
the hypsography DLG became available, but DLG hypsography was still not abundantly
produced. During these early stages of production of DEMs from contours, the majority of
DEMs were still being made using photogrammetric methods.

During this time in the late 1980s, the U.S. Forest Service (USFS), was developing a PC-
based raster editing system that included raster to vector software, semi-automated attribut-
ing of contours, and contour to grid software. This system was called LineTrace+ and USGS
worked closely with the USFS to define the DEM production requirements of the system.
The gridding software was based on the CTOG software that USGS had developed, but the
CTOG algorithm was further improved. The developer transferred to a private company and
continued to improve the software, which was marketed as LT4X. USGS had LineTrace+ for
testing and development, but LT4X was enough of an improvement that a full production
capability using LT4X was acquired for USGS.

The raster scanners were operated 24 hours each day to support both DLG and DEM
production. The requirements for producing contours for making DEMs are less stringent
than the requirements for contours for DLGs. DEM production was much more efficient
without the limitations of DLG-hypsography production capacity. LT4X also proved to be a
very efficient raster editing station and the cost of the equipment was relatively low since
standard UNIX workstations and personal computers could be used for LT4X. This software
was also available commercially at that time, so USGS DEM production could be competi-
tively contracted. The software is no longer commercially available and is proprietary, so
alternative DEM production approaches are currently used by several USGS contractors that
do not have this software.

The improvements in scanning technology, raster editing software, and gridding
software on inexpensive platforms provided significant increases in the number of DEMs that
could be produced for the same amount of money. These improvements also enabled
complete redirection of resources within USGS away from photogrammetric production of
DEMs to DEM production from contours. In general, the DEMs that USGS produces from
contours are better quality and more accurate than DEMs from profiling or autocorrelation.

DEM Viewing and Editing

USGS developed the first capability for viewing DEM data in the early 1980s. The develop-
ment was in response to user feedback that some USGS DEMs had spikes and stripes in the
data. The spikes were autocorrelation artifacts and the stripes were profiling artifacts. The first
viewing software simply produced contours from the DEM, but this information revealed
disappointing characteristics about the data and processes USGS had been using for almost
ten years of level-1 DEM production. Prior to the early 1980s, the quality control process
relied on accuracy tests that produced a false indication of quality and no visual checks were
available. The contour plots revealed the artifacts in the level-1 DEMs that were reported by
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users, but the extent of the artifacts was much greater than expected. About the same time,
software was developed that leveled water bodies to a prescribed elevation in an off-line
process. Water leveling was another problem that users identified and was the first DEM
editing capability, but the editing was done without viewing the DEM. A more rigorous
editing capability was needed to address the serious problems revealed by the contour
plots. The need to develop a capability to view and edit the artifacts in DEMs became
paramount for USGS because the only way to correct a DEM up to this time was to replace
the DEM. Rapid replacement of many thousands of DEMs was not possible, but relatively
rapid repair might be possible if a DEM editing system could be developed.

The first DEM edit system was developed internally by USGS and was called the DES
for DEM Edit System. The system was used only during the mid to late 1980s and was not
sophisticated by today’s standards, but allowed viewing the DEM and simple DEM editing.
The important capability was that DEMs could be viewed and the most serious artifacts could
be repaired without the need to produce a new DEM. The most serious artifacts were the
large spikes in the GPM2 DEMs. All the GPM2 DEMs were viewed and the spikes were
manually removed from the data. The DES could also level water bodies and perform other
editing, but the capabilities of the DES were quite limited. The DESs were not very depend-
able, but the value of viewing and editing DEMs was apparent. Viewing and editing clearly
needed to be an integral part of the DEM production process.

USGS contracted to have a DEM edit system developed to replace the DES in the late
1980s. The system was called the I-squared S or 12S. The system had significantly improved
capabilities and was much more reliable. The DESs continued to be used to supplement
production capabilities of the 12S systems, but all DESs finally were retired because parts
were not available. The capabilities and shortfalls of both these edit systems provided USGS
with a much better understanding of all the capabilities desired of a rigorous DEM editing
capability.

The Forest Service programmer that developed LineTrace+ and LT4X also developed a
DEM editing system that was later called Delta3D. In the early 1990s, the USFS was devel-
oping the DEM edit system with the involvement of USGS. The system incorporated the
capabilities that the USGS DEM editors desired and used inexpensive available hardware.
Both systems became commercially licensed systems when the programmer left the Forest
Service, but later became proprietary and not commercially available. LT4X and Delta3D
both run on a PC or UNIX system and Delta3D uses a relatively inexpensive digitizing table.
The combination of LT4X and Delta3D is currently used by several USGS DEM contractors
and internally by USGS for DEM production. Since the software is not commercially available
to all USGS contractors, some USGS contractors use alternative DEM production capabilities.

USGS also developed software to perform certain DEM editing capabilities that are not
available in the proprietary and commercial packages. USGS also developed verification
software that checks for many characteristics of the DEM that are often the source of errors.
All DEMs, whether produced internally or by contract, are independently viewed and
processed through the final editing and verification systems to help ensure that no significant
problems exist with any DEM that is produced today. These programs are called EDITDEM
and DVS (DEM Verification System) and are available from the public USGS software
website.
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The National Elevation Dataset

The USGS DEM format developed over 25 years ago has undergone many changes, but the
basic structure remains the same. The UTM coordinate system has always created problems
along edges with missing data, but the UTM coordinate system is also a problem for users
that have project areas that cross UTM zones, because DEMs in adjacent zones do not fit
together. Native format DEMs are still in NAD27 and NAVD29 and these datums are not
generally used today. The problem for USGS is that all the DEMs need to have the datum
changed at one time because the converted DEMs will not join with the original DEMs.
Computing capability is no longer a significant limitation, so DEMs in geographic coordinates
that can be seamlessly assembled do not present computing limitations and the datums
could be easily changed. There are still DEMs with stripes and patch artifacts, so ideally all
these DEMs would be fixed. Changes to all 50,000 DEMs need to be made available to
users at one time since users need to have adjacent DEMs fit together.

The rapid replacement of all 50,000 DEMs to a more useable format was not possible,
but the alternative for USGS was to create a new dataset from the existing database that
addressed many of the problems that have accumulated during the history of USGS DEM
production. This dataset is called the National Elevation Dataset or NED, which is discussed
later in this chapter. The NED is considered by USGS to be the future direction for USGS
DEM data. The data is more useable than the native format data, yet builds on the available
native format DEMs. The NED fits well with the evolution of USGS'’s efforts to provide
national coverage of good quality, very affordable DEM data for the nation.

THE NATIONAL ELEVATION DATASET

The National Elevation Dataset (NED) is a seamless raster product produced by the USGS.
NED provides elevation data coverage of the continental United States, Alaska, Hawaii, and
the island territories in a seamless format with a consistent projection, resolution, elevation
units, and horizontal and vertical datums. NED is the result of the maturation of the USGS
elevation production program in which national coverage of quadrangle based DEMs has
been completed.

Background, Rationale, and History

An important aspect of the National Spatial Data Infrastructure (NSDI) is that of the digital
geospatial data framework. The framework approach is a collaborative one in which the data
themes most commonly needed by geographic data users are produced, integrated, and
shared. Framework data are the “best available” data that meet a common standard, and
they provide a base layer for many basic applications of geospatial data. The Subcommittee
on Base Cartographic Data of the Federal Geographic Data Committee (FGDC) is charged
with coordination of NSDI framework data activities among federal agencies. One of the
seven framework data themes is elevation, and the USGS has been designated as the
agency having lead responsibility for national elevation data. As such, the USGS has as-
sembled NED as an implementation of the framework data concept.

Because the USGS produces elevation data that match the quadrangle format of the
standard base map series for the United States, most users have the requirement to access
and use multiple files of digital elevation data, usually in 7.5-minute tiles, to construct the
elevation layer for their study areas. Many times, due to the age of the data and the manner
in which it was produced, there are challenges in assembling the DEM tiles. For instance, in
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working with 7.5-minute DEMs in their native UTM projection, a UTM zone boundary may
cross the study area, thus adding the requirement for some of the elevation data to be re-
projected into a zone common with the majority of the DEMs. In addition, when DEM files
are mosaicked there are times when the adjacent tiles do not match correctly due to slivers
of missing data, large vertical offsets, or differences in elevation units. Some of the oldest
7.5-minute DEMs were produced with photogrammetric methods that resulted in striping
artifacts in the data. Because the artifacts can have a detrimental effect on derivative prod-
ucts and applications, many users have developed various approaches to filter the DEMs in
an effort to reduce or remove the artifacts. In total, a significant amount of data processing
may have to be performed by users just to construct an acceptable elevation layer for their
geospatial database. In an effort to better meet the needs of data users for “application-
ready” products, the USGS has produced and is continually maintaining NED, thereby
removing the need for users to repeatedly perform preprocessing steps to make the DEMs
suitable for use. This approach fits well with the framework concept in which the “best
available” data are easily accessible to all, and unrestricted sharing of quality spatial data
among users facilitates a wide range of applications.

The USGS began development of seamless elevation datasets in the early 1990s, first
working on continental and global datasets at a resolution of one kilometer. The experience
gained in assembling multi-source, multi-resolution elevation data into a global seamless
dataset proved to be valuable as the methods were adapted, refined, and further devel-
oped for use in producing regional U.S. elevation framework prototypes in 1996. The first
complete seamless coverage of the continental U.S. was finished in 1997 based on 10-
meter, 30-meter, 2-arc-second, and 3-arc-second resolution source data. In 1999, for the first
time NED was assembled completely (for the continental U.S.) from 7.5-minute DEM source
data (10-meter and 30-meter data).

NED Specifications and Production

To be a truly seamless dataset, NED is assembled using a r