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ABSTRACT
A common question about U.S. Geological Survey (USGS) digital raster graphics (DRG) is “how can I
remove the map collars and join multiple quadrangles together?”  The question does not have a simple
answer because of the characteristics of USGS quadrangles.

Quadrangle neatlines are defined by lines of latitude and longitude, so quadrangles are not rectangles on
their published projections. But digital raster images are necessarily perfect rectangles. Clipping a
digital neatline is therefore not directly comparable to cutting a paper map with scissors. Paper maps are
oriented with the neatlines approximately parallel to the paper edges, but digital data sets are oriented so
that the image coordinates are aligned with a selected plane ground coordinate system, or grid. Grids
generally are not parallel to the quadrangle boundaries, so displayed digital data sets may appear tilted.

Joining DRG quadrangles into seamless images, therefore, requires customized data organization,
powerful software, or both.  Storing raster images as unprojected geographic data changes the details of
this problem, but does not solve it.

Because digital data serve different purposes than paper maps, they can be placed on different
projections.  Most USGS digital products are projected on the Universal Transverse Mercator (UTM),
regardless of the projection of the corresponding topographic map. UTM coordinates are unambiguous,
and UTM conversions are widely implemented in software.  UTM data are therefore usable by more
applications, and more often, than data on any other single projection.

INTRODUCTION
The U.S. Geological Survey (USGS) uses a variety of projections for its maps.  Projection decisions always
represent tradeoffs between different types of distortion and convenience.  The goals of low distortion,
product standardization, and end user ease of use are not perfectly compatible.  For each cartographic
product, the USGS attempts to strike a reasonable balance between these conflicting goals.

Of particular interest to many users are digital raster graphics (DRG).  A DRG is a digital image of a
paper map.  The digital map is reprojected to the Universal Transverse Mercator (UTM), which creates a
conflict between the data and the map collar information and in some cases visibly changes the
appearance of the map image. These changes can be confusing to users.

This paper explains the characteristics of Transverse Mercator projections, the relationship of plane grids
to USGS map cells, and the reasons DRG’s and other USGS digital products are projected on the UTM.

CYLINDRICAL PROJECTIONS
There are three types of developable1 surfaces onto which most USGS maps are projected.  They are the
cylinder, the cone, and the plane (Snyder, 1987, p. 5). This paper discusses two varieties of cylindrical
projections: regular and transverse cylindrical.

Regular Cylindrical Projections
If a cylinder is wrapped around the globe so that its surface touches the Equator (fig. 1), the meridians of
longitude can be projected onto the cylinder as equally spaced straight lines perpendicular to the Equator.

                                                       
1 A surface that can be transformed to a plane without distortion.



The parallels of latitude are also straight lines, parallel to the equator, but not necessarily equidistant
(Snyder, 1987, p. 5).

The Mercator (fig. 1) is the best known regular cylindrical projection.  The Mercator was designed for sea
navigation because it shows rhumb lines2 as straight lines.  Unfortunately, it is often and inappropriately
used for world maps in atlases and wall charts.  It presents a misleading view of the world because of
excessive area distortion (Snyder and Voxland, 1989, p. 10).  The Mercator shows meridians and parallels

                                                       
2 The path of a ship that maintains a fixed compass direction (subject to caveats regarding the length of the line and
nearness to the poles).

Figure 1. Regular cylindrical projection: the Mercator.

Figure 2. Transverse cylindrical projection: the Transverse Mercator.



as straight lines.  Regular cylindrical projections are the only commonly used projections that show both
meridians and parallels as straight lines.

Transverse Cylindrical Projections
Setting the axis of the cylinder perpendicular to the axis of the Earth results in a transverse cylindrical
projection (fig. 2).

In a transverse cylindrical projection, the point of tangency between cylinder and globe is a meridian, or
line of longitude, called the central meridian.  Neither parallels nor meridians are straight lines, but rather
are complex curves (fig. 2).

The best known transverse cylindrical projection is the Transverse Mercator. The Transverse Mercator
was invented by Johann Lambert (1728-77) (Snyder, 1987, p. 48), even though it is named after Gerardus
Mercator (1512-94).  Figures 1 and 2 illustrate that the Mercator and Transverse Mercator projections are
dissimilar.

On a Transverse Mercator, the central meridian (the central north-south straight line in figure 2) is the
line of true scale3.  This makes the projection appropriate for areas with long north-south extent and
narrow east-west extent.

Universal Transverse Mercator
In 1947 the U.S. Army adopted the UTM projection and grid for designating rectangular coordinates on
large-scale maps for the entire world. The UTM is a Transverse Mercator to which specific parameters,
such as standard central meridians, have been applied (Snyder, 1987, p. 57).  The Earth, between latitudes
84° N. and 80° S., is divided into 60 zones, each 6° wide in longitude.

COORDINATE SYSTEMS

Grids
Calculations to relate latitude and longitude to
positions on a map can become quite involved.
Rectangular grids have therefore been developed
for the use of surveyors.  In this way, each point
can be designated merely by its (x,y) coordinates.
Of most interest in the United States are two grid
systems: the UTM grid and the State Plane
Coordinate System (SPCS) (Snyder, 1987, p. 10)

Grids are appropriate even when powerful digital
computers are available.  In large raster images, it
is convenient to arrange the rows and columns of
image pixels in alignment with an accepted
surveying grid. Most image display software
depends on a simple relationship between image
coordinates and screen coordinates.

Grid systems are normally divided into zones so
that distortion and variation of scale within any
one zone are kept small.  Zones of the UTM are
bounded by meridians of longitude, but for the
SPCS, State and county boundaries are used.  In

                                                       
3 This is true for the case of a cylinder tangent to the sphere.  If the cylinder cuts the sphere, there are two lines of
correct scale on either side of the central meridian.

Figure 3. Transverse Mercator Projection with
nonstandard plane  grid.



both the UTM and the SPCS, all USGS quadrangles within a
given zone can be mosaicked exactly (Snyder, 1987, p. 57),
but two adjacent quadrangles that belong to different zones
cannot be mosaicked without reprojection.  This is true of
both printed paper maps and digital cartographic products.

Graticules
A map graticule is a network of lines representing parallels
and meridians.

Figure 3 illustrates the relationship between a graticule and a
grid of plane coordinates.4 The figure shows that grid lines
usually do not coincide with graticule lines except for the
central meridian and the Equator (Snyder, 1987, p. 10).
Regular cylindrical projections are an exception, because
parallels and meridians are straight lines on these projections.

Universal Transverse Mercator Zones
Figure 4 is part of a diagram showing the locations of UTM
zones.

Although figure 4 is a map of UTM zones, it is not a
Transverse Mercator map.  The continent outlines and
graticule in figure 4 are on a regular cylindrical projection
(Equidistant Cylindrical).  The meridians that define UTM
grid zones are therefore shown as straight lines.

Map users who are not familiar with projection characteristics
sometimes infer from such a diagram that UTM grids
correspond to the graticule.  This is not the case.  UTM grid
lines actually have a relationship to the graticule similar to

                                                       
4 The grid in figure 3 is for illustration purposes and does not represent any ground coordinate system actually in use.

Figure 4. UTM zone diagram.

Figure 5. Status graphic on Equirectangular projection



that illustrated in figure 3.  The lines in figure 4 are graticule lines that define the boundaries of UTM
zones and that happen to be straight because of the projection on which they are drawn; none of these
zone boundaries match UTM grid lines.

QUADRANGLE CELLS, GRATICULES, AND GRIDS
USGS standard quadrangle maps are bounded by parallels and meridians.  The standard USGS
topographic map series are 7.5′ x 7.5′ (1:24,000 scale), 60′ x 30′ (1:100,000 scale) and 2° x 2° (1:250,000
scale).

USGS map indexes and status graphics often show quadrangles on regular cylindrical base maps.  Figure
5 is a status graphic from a USGS web page.5  The projection for this graphic was selected so that all
quadrangles would be rectangular and of equal size.  Map users who are not familiar with map projections
might inferincorrectlyfrom this
diagram that USGS quadrangles are
rectangular.

To illustrate the real relationship between
USGS quadrangles and plane coordinate
systems, suppose there were a series of
standard maps for North America, 15° x 15°
in size, projected on the Transverse
Mercator projection of figure 2.  Figure 6
shows how a quadrangle west of the central
meridian would be defined.

A Transverse Mercator projection would not
really be used for areas as large as those
shown in figure 6, but the exaggerations
caused by the large area illustrate several
things about the relationships between
USGS quadrangle maps, the graticule, and
plane coordinate systems:

• The physical map sheet is a perfect
rectangle.

• Parallels and meridians define the
quadrangle boundaries. The neatline is
not a perfect rectangle on any standard
quadrangle projection used by the
USGS, but for small areas it is nearly
rectangular.  The quadrangle is oriented
on the paper so that the boundaries of
the neatline are approximately parallel
to the edges of the paper.

• A plane coordinate grid is oriented to the projection’s central meridian.  The skew of this grid relative
to the map neatline is frequently great enough to be visually obvious, even on 7.5-minute
quadrangles.6

                                                       
5 Taken from http://nsdi.usgs.gov/nsdi, this graphic shows the availability of 1:100,000-scale digital line graph (DLG)
hypsography data.
6 Some USGS quadrangles have a full plane coordinate grid printed on them.  Almost all have tic marks for at least
one plane grid printed at the neatline.
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Figure 6. Plane grid, quadrangle neatline, and map sheet
relationships.



PAPER MAPS AND DIGITAL DATA SETS
Consider a digital cartographic data set that covers the same geographic area as a quadrangle.  A DRG is
the easiest to visualize because it is a
scanned image of a quadrangle map, but
these comments apply to digital
orthophoto quadrangles (DOQ) and any
other quadrangle-based raster images.7

At the physical file level, a DRG is a
simple raster image.  That is, it has these
characteristics:

• The image is conceptually a
two-dimensional array.

• Each cell in the array is exactly one
pixel.  All pixels are the same size.

• The data set is perfectly rectangular
and perfectly planar.

A DRG therefore has the geometric
characteristics of a projected plane grid,
not those of a graticule.  For this reason, it
is useful to align the rows and columns of
a DRG with the rows and columns of a
plane ground coordinate system.  This
makes the relationship between image
coordinates and ground coordinates
arithmetically simple.

Figure 7 shows the boundaries of digital
data sets associated with a Transverse
Mercator map. The minimum bounding
rectangles in the figure are two potential
data set boundaries.  The edges of the data
set align with the plane grid, not with the
graticule that defines the quadrangle
boundaries. The DRG data set cannot
align with or match a USGS quadrangle
exactly, because the quadrangle
boundaries do not form a rectangle8.  The
actual extent of a DRG data set is usually
somewhere between the two minimum
rectangles shown in figure 7.

Aligning the file coordinates with plane

                                                       
7 The coordinate alignment issues in this section also apply to digital elevation models (DEM) and digital line graphs
(DLG).  But issues of joining data sets are different.  Because of the way these products were defined, the area
outside the neatline is naturally “void” for DEM’s and DLG’s.  A full discussion is beyond the scope of this paper.
8 This is an oversimplification; digital data sets can be defined in other ways.  For example, image pixels can be
related directly to latitude/longitude coordinates.  Such data are often referred to as “geographic” or “unprojected.”
Storing geographic coordinates is fairly straightforward for sparse vector data, but complicated and unusual structures
are required for raster data. In both cases, displaying or plotting the data requires converting to plane coordinates.
For these reasons, the USGS produces few digital cartographic products with geographic coordinates.
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Figure 7.  Relationship between map and digital data sets aligned
with plane coordinate grid.
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Figure 8. Join of Transverse Mercator data sets.



ground coordinates has a significant visual side effect.  When displayed on a screen, the map looks tilted
(figs. 7 and 8).  The amount of the tilt depends on the projection and the distance of the quadrangle from
the central meridian, but it is often visually obvious.

JOINING DIGITAL QUADRANGLES
The fact that the data set is aligned with a plane grid rather than the graticule does not prevent adjacent
quadrangles from being joined.  Quadrangles within the same plane coordinate zone join correctly, just as
their paper counterparts do.

However, joining the edges of raster data sets is different than joining quadrangles.  Figure 8 illustrates
that clipping a digital data set at the map neatline is not directly analogous to cutting a paper map with
scissors.  Digital image files, unlike pieces of paper, are necessarily rectangular.

How, then, does a user mosaic multiple data sets into one image?  There are at least two general answers
to this question: software manipulation and data repackaging.

Data Manipulation by Software
Some display software can render selected parts of
an image transparent, so that images can be laid on
top of each other without masking features of
interest.

For example, the area outside the neatline in a
DRG image can be identified and made
transparent.  Two or more images can then be
placed in their correct relative positions in a new
file or a virtual display space. The details of how to
do this depend on the design and capabilities of
individual software packages.

Because USGS digital data are georeferenced, the data files contain the information needed to automate
the process of joining digital quadrangles.  A sufficiently powerful geographic information system (GIS)
can hide some or all of the details of joining quadrangles from the end user.

The worst case is when adjacent quadrangles are in different plane coordinate zones.  One or both of the
data sets must then be reprojected to a common zone.  This can also be automated, although it requires
relatively powerful software.

Data Repackaging
A second way to join quadrangles is to
redefine the data.  This can be thought of as a
preprocessing step to make it easier for
software to join quadrangles.

The simplest example of repackaging is to
join a number of quadrangles with the
software techniques described above and then
save the result as a new data file.  The obvious
drawback is that data files can become very
large (table 1).  For state-sized areas, it is
doubtful that such files can even be created.

A better solution is to join several
quadrangles, cut perfectly rectangular pieces
from the combined data, and store the cut
pieces as new data sets (fig. 9).  In this way,

Number of 7.5-minute quadrangles

1 10 50

DEM 1 10 50

DRG 8 80 400

DOQ 200 2,000 10,000

Table 1. Approximate size, in megabytes, of
combined data sets.

Figure 9.  Cutting rectangular data from standard
quadrangles.



physical files can correspond exactly to a selected plane ground coordinate system.  For example, each
data file might contain the data for a 10,000-meter square UTM cell.  Preprocessing the data in this way
makes run-time calculations simple and fast, and therefore makes it easier to establish (for example) large
image databases that appear seamless to the end user.

DIGITAL RASTER GRAPHICS AND UNIVERSAL TRANSVERSE MERCATOR
Most USGS 7.5-minute published quadrangles are projected on the Lambert and Transverse Mercator
projections of the SPCS.  But most 7.5-minute digital products are projected on the UTM.  Why does the
USGS use different projections for products that cover the same geographic cell and have similar content?

There is no such thing as a perfect projection.  All map projections represent tradeoffs between different
types of distortion.  Selecting a projection requires consideration of several factors, one of which is the
intended use of the map.

Printed paper maps and digital data files are not used for exactly the same things.  Some of the differences
include the following:

• Paper maps are static, but digital data can be easily modified.  In particular, digital data can be
reprojected inexpensively.

• Digital data are more likely to be used to construct mosaics of very large areas.

When designing the DRG, the USGS considered two projection options: retain the projection of the
published map or change the projection to the UTM.  Each of these options had advantages and
disadvantages.  The decision to use the UTM was based on these factors:

• The UTM, as the name implies, is universal.  If a latitude/longitude pair is given, the UTM
coordinates can be computed unambiguously for any point between 84° N. latitude and 80° S.
latitude.  Given UTM coordinates and the zone number, you can compute geographic coordinates.

• Because of this universality, UTM/geographic coordinate conversions are widely implemented in
software.

• Users who need data on other, less common, projections are more likely to know how (and to have
software) to convert data from the UTM to their projection of interest than from other projections.
The UTM is therefore a “common language,” even if it is not the “native language,” of most users
and GIS software.

• Earlier USGS digital cartographic products were cast on the UTM for similar reasons, so the DRG
program wanted to maintain consistency with these other digital products.

CONCLUSIONS
There is no “best” projection for either a map or a digital cartographic data set.  Projection decisions are
always tradeoffs between desired map characteristics, which in turn depend on the desired use of the data.
Projection decisions made many years ago for published paper maps are not necessarily the right decisions
for corresponding digital data sets.

Having digital data does not remove the necessity to make projection decisions.  It is possible to store
digital data in unprojected form, but this only defers projection decisions until run time.  Displaying or
plotting a digital data set requires projecting the data to a flat surface.  Because run-time projection is
computationally intensive, the USGS has chosen not to distribute unprojected data for most digital data
products.  The USGS projects most of its digital products on the UTM, in the belief that this will serve
more user needs, more often, than any other single projection.

The USGS is responsible for maintaining nationwide databases of cartographic data.  USGS data products
are some of the raw materials from which finished cartographic applications can be built, but they are not
themselves consumer products.  This is one result of deliberate government policy to avoid competition
with private-sector cartography.
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