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GENERAL

OBJECTI VES

The U.S. Geol ogi cal Survey (USGS) has been designated as a | ead Federal
agency for the collection and distribution of digital cartographic data.
The standards specified in this docunent pertain to the collection,
processing, and quality control of digital elevation nodel (DEM data
intended for entry into the National Digital Cartographic Data Base
( NDCDB) .

These standards are intended to facilitate the interchange and use of DEM
dat a. DEM col l ection and editing systems nust produce data that are
conpatible with other production systens, not only in the Federal sector
but al so in other government and private sector organi zations. Because of
rapidly changing technologies in the napping industries, these DEM
standards cover a broad range of collection systens and rel ated accuracy
levels. It is the intent of this standard to set conmon standards that

will ensure that data will be acceptable for entry into the NDCDB.

This docunent also provides the NDCDB manager and the quality control
unit(s) within the USGS with standards for testing DEM data. Dat a
generated by National Mpping Division (NWMD) production units are
col l ected according to the standards set forth in this docunment. DEMdata
col l ected by other Federal agencies, or acquired through procurenent from
the private sector, wll be accepted for entry to the NDCDB after

verification according to these sane standards.
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PRODUCT DESCRI PTI ON
The USGS produces five primary types of DEM data. This document descri bes
these products as they are archived in the NDCDB in standard DEM f or nat

1. 7.5-mnute DEM (up to 30-neter square grid spacing, cast on
Uni versal Transverse Mercator (UTM projection). The hori zont al
grid spacing allows for integers from between 1- and 30-neters.
Unl ess otherwi se specified in a cooperative agreenent, DEM data
collected by or for the USGS will have a 10- or 30-neter grid s
spaci ng. Provides coverage in 7.5- by 7.5-mnute bl ocks. Each
product provides the same coverage as a standard USGS 7.5-ninute
guadrangl e without overedge. Coverage: Contiguous United States,
Hawai i, and Puerto Rico.

2. 30-minute DEM (2- by 2-arc second data spacing). Consists of four
15- by 15-m nute DEM bl ocks. Two 30-mi nute DEM s provi de the sane
coverage as a standard USGS 30- by 60-m nute quadrangle. Saleable
units are 30- by 30-minute blocks, that is, four 15- by 15-mnute
DEM s representing one half of a 1:100,000-scale nap. Coverage:
Conti guous United States, and Hawaii .

3. 1-degree DEM (3- by 3-arc second data spacing). Provides coverage
in 1- by 1-degree blocks. Two products (three in sone regions of
Al aska) provide the same coverage as a standard USGS 1- by 2-degree
gquadrangl e. The basic elevation nodel is produced by or for the
National |magery and Mapping Agency (NI MA), fornerly known as the
Def ense Mapping Agency. Data is distributed by the USGS in the DEM g
data record fornat. Coverage: United States.

4. 7.5-m nute Al aska DEM (1- by 2-arc second data spacing, |atitude by
[ ongitude). Provides coverage sinilar to a 7.5-m nute DEM except
that the longitudinal cell limts vary from 10 minutes at the
sout hernnost |atitude of Al aska to 18 nminutes at the northernnost
latitude limts of Al aska.
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5. 15-m nute Al aska DEM (2- by 3-arc second data spacing, |atitude by
| ongitude). Coverage is 15 minutes of latitude by 20 m nutes of

| ongi tude at the southernnost |atitude of Alaska, to 36 mnutes of
I ongitude at the northernnost latitude limts of Al aska. Coverage
of one DEM corresponds to a |: 63, 360-scal e quadrangl e.

Note: The term"block," as used in 1, 2, and 3 above, is used to describe
the physical extent of a DEM quadrangle, and inplies that the DEM is
trimred to the quadrangl e neatlines and that no overedge is all owed beyond
t he "bl ock" boundari es.

SOURCES

The production procedures and instrunentation used for collecting raw
el evation data vary depending on the producti on systens avail able to each
nmappi ng center, other agencies, or contractors. However some production
processes are specified in this standard that critically affect the
criteria for accepting data into the NDCDB. Those production processes

_______
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Table1-1

Characteristics of digital elevation models

Horizontal Coordinate
system

Units of coverage

Elevations

Profile spacing

Data order

7.5-minute DEM

UTM on North American

Datum of 1927 (NAD 27)
or North American Datum
of 1983 (NAD 83).

7.5-minute quadrangle;
overedge coverage is not
provided.

Decimal or whole units of
meters or feet relative to the
National Geodetic Vertical
Datum of 1929 (NGVD 29) in
the continental U.S., and local
mean sea level in Hawaii and
Puerto Rico.

Spacing of elevations along
and between each profile is
dependant on a square grid
resolution. The horizontal grid
spacing allows for integers
from between 1- and 30-
meters. Unless otherwise
specified in a cooperative
agreement, DEM data
collected by or for USGS will
have 10- or 30-meter grid
spacing.

Data are ordered south
to north in profiles
ordered west to east.
The profiles do not
always have the same
number of elevations
because of the variable
angle between true
north and the grid north
of the UTM coordinate
system.

30-minute DEM

Geographic (lat/long) on
NAD 27 or NAD 83.

30- by 30-minute block.
Units of coverage are four
15-minute DEM's covering
a 30- by 30-minute block.

Decimal or whole units of
meters or feet relative to
NGVD 29 in the continental
U.S., and local mean sea level
in Hawaii and Puerto Rico.

Spacing of elevations along
and between each profile is
2-arc seconds.

Data are ordered south
to north in profiles
ordered west to east.

1-degree DEM

Geographic (lat/long) on
World Geodetic Survey
(WGS) 72 or WGS 84.

1- by 1-degree block;
elevation data on the
integer degree lines
correspond with the profiles
on the surrounding eight
blocks.

Meters relative to NGVD 29 in
the continental U.S. and
Alaska, and in local mean sea
level in Hawaii and Puerto
Rico.

Spacing of elevations along
each profile is 3-arc seconds.
Spacing between profiles is
3-arc seconds south of 50°N
latitude, 6-arc seconds
between 50°N and 70°N, and
9-arc seconds north of 70°N.

Data are ordered south
to north in profiles
ordered west to east.

7.5-minute Alaska DEM

Geographic (lat/long) on
NAD 27 or NAD 83.

7.5- by 10-minutes south of
59°N; 7.5- by 11.25-
minutes between 59°N and
62°N; 7.5- by 15-minutes
between 62°N and 68°N;
and 7.5- by 18-minutes
north of 68°N.

Decimal or whole units of
meters or feet relative to
NGVD 29.

Spacing of elevations along
and between each profile is
1- by 2-arc seconds,
respectively.

Data are ordered south
to north in profiles
ordered west to east.
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Table 1-1 continued

Characteristics of digital elevation models

Horizontal Coordinate
system

Units of coverage

Elevations

Profile spacing

Data order

15-minute Alaska DEM

Geographic (lat/long) on
NAD 27 or NAD 83.

15- by 20-minutes south of
59°N; 15- by 22.5-minutes
between 59°N and 62°N;
15- by 30-minutes between
62°N and 68°N; and

15- by 36-minutes north of
68°N.

Decimal or whole units of
meters or feet relative to
NGVD 29.

Spacing of elevations along
and between each profile is
2- by 3-arc seconds,
respectively.

Data are ordered south
to north in profiles
ordered west to east.
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Table 1-2
Data production of digital elevation models
DEM Ievel** DEM series* Production process Instructions and comments
Level 1 7.5-minute DEM created by auto correlation or manual profiling from aerial May be derived from a wide variety of sources using any of a
DEM photographs. Source photography is typically from National Aerial number of USGS approved techniques and instrumentation.
30-minute Photography Program or National High Altitude Photography Program. This DEM product must also meet minimum RMSE test
DEM Depending on the specific production process used, a given DEM shall standards as specified in part 2, sections 2.1.4 and 2.3.1.
meet the maximum 7-meter root mean square error (RMSE) or may have
an RMSE less than one-half of the contour interval of the corresponding
topographic series map. Level-1 30-minute DEM's may be derived or
resampled from level-1 7.5-minute DEM.
Level 2 All series DEM created from digital line graph (DLG) contours or equivalent, from The accuracy and data spacing are intended to support
any USGS map series up to 1:100,000 scale. computer applications that analyze hypsographic features to a
level of detail similar to manual interpolations of information
from printed source maps.
Level 3 7.5-minute DEM created from DLG that have been vertically integrated with all Requires a system of logic incorporated into the software
DEM categories of hypsography, hydrography, ridge line, break line, drain files, interpolation algorithms that clearly differentiates and correctly
and all vertical and horizontal control networks. interpolates between the various types of terrain, data
densities, and data distribution.
Level 4 All series* DEM created from electronic (non-photogrammetric) imaging sensor This process includes all additional post processing required to

systems, either active or passive. Active sensor provides its own source
of illumination such as radar and laser. Passive sensor acts only in a
sense as receiver of radiant energy and requires source such as sun or
other illumination.

bring the DEM grid to its final form, including, but not limited to
signal processing, resampling, auto correlation, projection
transformation, and datum shift.

* This table is exclusive of 1-degree DEM's that are produced for or by NIMA according to NIMA program requirements. Level designation is referenced in a different context than

that used by the USGS. The NIMA designation of digital terrain data (DTED) "level" is similar to the USGS designation of DEM "series." Under a cooperative agreement, selected

1-degree DEM's are being regridded by the USGS from 7.5-minute DEM's and 30-minute DEM's. These DEM's are subject to quality control procedures as specified in an
Memorandum of Understanding between the two agencies.
** DEM levels 1 through 3 are defined in section 2.3. Level 4 DEM's are not yet produced or distributed by NMD and will be further defined at a later date.
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DI G TAL ELEVATI ON MODEL STRUCTURE
Two types of grids, UTMand arc second, are used for the USGS DEM pr ogram

UTM St ruct ured DEM

A typical 7.5-minute UTMDEMis shown in figure 1-1., The 7.5-mi nute DEM
profiles are clipped to the straight line intercept between the four
geographi ¢ corners of the quadrangl e, an approxi mati on of the geographic
map boundary (neatline). The resulting area of coverage for the DEMis a
guadrilateral, the opposite sides of which are not parallel. (See

appendi x_2-0 for an exanple of UTM coordinates describing a 7.5-minute

quadrilateral figure.)

The UTM coordi nates of the four corners (bounds) of the DEMare listed in

the type A record, as shown in pppendix_ 2-A, data elenent 11; the UTM

B record (profiles), appendix_ 2-B,: data element 3. These coordinates
descri be the shape of the quadrilateral and the variable x, y starting
position of each profile. Because of the variable orientation of the

gquadrilateral inrelationto the UTMgrid, profiles intersect the east and

fromone DEMto the adjoining DEMonly if the adjoining DEMis contained
within the sane UTMzone. Profiles that pass within the bounds of the DEM
quadrilateral, but are void of elevation grid points, are not represented
in the DEM (Referred to as "missing profile condition." This condition
occurs occasionally and is always the first or last profile of the DEM
Typically such a profile intersects the DEM corner, but there is no grid

node wi thin the quad bounds).

The use of UTM coordi nates to define the horizontal grid spacing of DEM s

is restricted at this tine to the 7.5-m nute DEM program
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Northing

A x = 30 meters (Easting)
Ay = 30 meters (Northing)

[ ] = Corner of DEM polygon
(7.5-minute quadrangle corners)

= O = Elevation pointin adjacent
o quadrangle

c . .

% ® = Elevation point

§ @ - First point along profile

=

1=

[<b}

o

(Example is a quadrangle west of
central meridian of UTM zone.)

AX
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Easting

Figure 1-1
Structure of a 7.5-minute digital
el evation nodel, UM neter grid
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Arc second structured DEM

A typical 1-degree arc second DEMis shown in figure 1-2., The 1-degree

DEM west - and-east profiles are coincident with the west and east neat-

lines respectively. The distribution of elevation data is as illustrated

rect angl e.

The arc second coordi nates of the four corners (bounds) of the DEM are

listed in the type A record, as shown in appendi x 2-A,, data el erent 11;
the arc second coordinates of the starting points of each profile are
listed in the type B record (profiles), appendix 2-B,' data el enent 3.

These coordi nates descri be the shape of the geographic rectangle and the

X, y starting position of each profile.

The use of arc second coordinates to define the horizontal grid spacing

of DEMs is mandatory for all DEMseries, except for 7.5-m nute UTM DEM s.
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Pt2 Pt3
@ Ax = 3arc seconds
=]
= Ay = 3arc seconds
+—
m - .
— ¢ @ = Elevation point
Ay @ = First point along profile
T — o~ ™ < [] = Corner of DEM polygon
= = = = (1° block)
U= U= = =
e =t e et
o a o o
Pt 1 Pt4
—>| AX |<—

Longitude

Figure 1-2.
Structure of a 1-degree digital
el evation nodel, arc second grid.
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