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As the Nation’s principal conservation agency, the Depart-
ment of the Interior has responsibility for most of our
nationally owned public lands and natural resources. This
includes fostering the wisest use of our land and water
resources, protecting our fish and wildlife, preserving the
environmental and cultural values of our national parks
and historical places, and providing for the enjoyment of
life through outdoor recreation. The Department assesses
our energy and mineral resources and works to assure that
their development is in the best interests of all our peo-
ple. The Department also has a major responsibility for
American Indian reservation communities and for people
who live in island territories under U.S. administration.
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Foreword

This publication was prepared in 1977 by the late Wilford
P. Cole. It is an introduction to the Universal Transverse
Mercator (UTM) Grid System and its application to map-
ping historic and archeological sites. The manual was writ-
ten to provide a uniform procedure for recording site
locations in the National Register of Historic Places. The
UTM method has advantages of speed, precision, and
reliability over the previously used Geographic Coordinate
System (latitude/longitude). An advance version of this
manual was distributed to all States in 1977 with a solici-
tation of comments. The version presented here was
revised by Mr. Cole on the basis of those comments.

Lawrence E. Aten
Chief, Interagency Resources Division
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Introduction

The Universal Transverse Mercator (UTM) Grid Sys-
tem provides a simple and accurate method for re-
cording the geographic location of a historic site. Its
greatest advantage over the Geographic Coordinate
System (latitude/longitude) is its reliability, because its
measurements are cited in linear, decimal units,
rather than in angular, non-decimal ones. Most peo-
ple find meters easier to visualize than fractions of de-
grees, and consequently, are less likely to make mis-
takes.

The UTM System involves no complicated geometric
constructions, and in its simplest application, requires
as working tools only a straightedge, a coordinate
counter, a plastic measuring device, illustrated in fig-
ure 1, and a sharp pencil. The coordinate counter
used by the National Register of Historic Places is
available from ] & ] Reproduction and Drafting Supplies,

Inc., 9107F Mendenhall Court, Columbia, Maryland 21045.

The UTM grid has further benefits, such as simplicity
of notation and greater precision, when compared to

the Geographic Coordinate System. Locations are ex-
pressed in meters, instead of degrees, minutes, and
seconds. The smallest common unit in the latter sys-
tem, the second, is roughly equivalent to 100 feet de-
pending on where it is measured, while the smallest
practical unit of measure in the UTM system, as used
here, is 10 meters, or approximately 30 feet. Because
UTM measurements are made directly from a scale,
they tend to be more accurate than geographic coordi-
nates estimated from geometrical constructions.

The reader will see that, although the UTM System
claims an advantage of simplicity over the Geographic
Coordinate System, it is not without its “technical”
aspects. Mastery of the system is worth the effort.
Someone experienced with the system will apply it ef-
ficiently and without error; a person who masters the
principles behind the system will be able to solve
problems that arise. The methods given here may be
followed as one might follow a cookbook, step by
step, but as in cooking, experience and understanding
are bound to be rewarded.






The UTM Grid System

The UTM grid location or reference of a point may
easily be found if the point can be located on a map
with UTM grid tick marks along its edges or with a
UTM grid superimposed. USGS quadrangles pub-
lished since 1959, and many published before then,
have these ticks, which are printed in blue. Maps pro-
duced by many other federal agencies and by some
states also have UTM ticks. If no USGS map with
UTM ticks exists for a location, latitude and longitude
coordinates, or certain local grid coordinates, may be
converted to UTM references by a mathematical for-
mula. However, computer programs are necessary to
perform such a task. It is always preferable to initially
record locations in UTM terms rather than to use
translated values. (See Method V for a manual, non-
mathematical way to determine UTM references with-
out tick marks, and Digitizing for an automated
method.)

The simplicity of the UTM grid method follows from
certain assumptions, which do not seriously compro-
mise the accuracy or precision of measurements made
on the common types of USGS topographical maps.
The primary assumption is that narrow sections of the
earth’s nearly spherical surface may be drawn on flat
maps with little distortion. Larger sections, however,
such as the contiguous United States, cannot be
drawn on a single flat map without noticeable distor-
tion.

In the UTM system, the earth is divided into 60
zones, running north and south, each 6° wide. Map-
ping on flat sheets within one of these narrow zones
is satisfactory for all but the most critical needs. Each
zone is numbered, beginning with zone 1 at the 180th
meridian near the International Date Line, with zone
numbers increasing to the east. Most of the United
States is included in Zones 10 through 19, as shown
in figure 2. On a map, each zone is flattened, and a
square grid is superimposed upon it. Any point in the
zone may be referred to by citing its zone number, its
distance in meters from the equator (“northing”), and
its distance in meters from a north-south reference
line (“easting”’). These three figures—the zone num-
ber, easting, and northing—make up the complete
UTM Grid Reference for any point, and distinguish it
from any point on earth. (See also Extended Grids.)

Figure 3 shows a zone, its shape somewhat exagger-
ated, with its most important features. Note that
when drawn on a flat map, its outer edges are curves,
since they follow meridian lines on the globe, which
are farther apart at the equator than at the poles. Note
also that it is the accepted practice to terminate the
UTM grid system before it reaches the poles. This
should not, however, affect any historic sites in the
United States, or its possessions or territories.

The two most important features of the zones are the
equator, which runs east and west through its center,
and the central meridian, a north-south line through
its center. Easting and northing measurements are
based on these two lines. The easting of a point rep-
resents its distance, in meters, from the central merid-
ian of the zone in which it lies. The northing of a
point represents its distance, in meters, from the
equator.

By common agreement, there are no negative num-
bers for the eastings of points west of the central me-
ridian. Instead of assigning a value of 0 meters to the
central meridian of each zone, each is assigned an ar-
bitrary value of 500,000 meters. Since at their widest
points, along the equator, the zones somewhat exceed
600,000 meters from west to east, easting values range
from approximately 200,000 meters to approximately
800,000 meters at the equator, with no negative val--
ues. The range of possible easting values narrows as
the zone narrows toward the poles.

Northings for points north of the equator are meas-
ured directly in meters, beginning with a value of
zero at the equator and increasing to the north. To
avoid negative northing values for points south of the
equator, the equator is arbitrarily assigned a value of
10 million meters, and points are measured with de-
creasing, but positive, northing values heading south-
ward. For clarity, a minus sign usually precedes nor-
thing figures for points south of the equator. This
arrangement is summarized in figure 3. The explana-
tion may seem complicated, but experience has
shown that dealing with negative values for measure-
ments, and having to specify the direction of meas-
urements from a reference line, are more complex and
less reliable. When actually working with maps, espe-
cially at the scales commonly used for locating historic
sites, the UTM grid system becomes extremely clear
and straightforward to use.



Using the System

The Five Methods

This manual describes five methods for measuring the
UTM reference for a point. The first two are the easi-
est and most common, and each has specific advan-
tages in certain situations.

Method I the simplest and least subject to mechanical
errors, is best for measuring in simple situations, but
is somewhat inconvenient for measuring a number of
points widely scattered across a single map.

Method II is preferable for complicated situations, but
requires, in addition to a straightedge and a coordi-

nate counter, a drafting board and T-square or parallel
rule. Carefully applied, however, either Method 1 or II
will give satisfactory results on USGS maps drawn to
common scales.

Method III may be applied to maps of any scale, that
is, maps not represented on the coordinate counter,
provided they have UTM tick marks or grid lines.

Method IV is designed for use on sites too near map
edges to be measured by the first three methods.

Method V establishes UTM references on USGS quad-
rangle maps which lack UTM ticks.



General Information

Certain elements are common to all five methods, and
should be studied carefully.

1. UTM zone numbers appear in the legend in the
lower left margin of modern USGS maps.

2. On these maps, blue tick marks around the mar-
gins set off intervals of a thousand, 5 thousand, or 10
thousand meters, depending on the map scale. To
check this, use the metric scale printed at the center
of the lower map margin. The easting and northing
values of these ticks are printed on maps in an abbre-
viated form that shows values in thousand-meter
units such as *77 or **23. These abbreviations are clari-
fied near the northwest and southeast corners of the
maps, where at least one tick value will be written out
in full, to the nearest whole meter, for each map
edge. For example, an easting abbreviated *23 would
be printed in full as 523000mE, meaning 23,000 meters
east of the central meridian. Similarly, an easting ab-
breviated as *77 would be printed in full as 477000mE,
meaning 23,000 meters west of the central meridian
for the zone in which the map is located. Remember
that the central meridian always has an arbitrarily
defined easting value of 500,000 meters.

3. Lines connecting UTM grid ticks of equal value are
seldom parallel with lines of latitude and longitude,
or with the edges of quadrangle maps. This is a result
of the map projections used and the fact that longi-
tude lines converge toward the poles, whereas UTM
grid lines do not coverge. The effect becomes more
evident as the distance from the central meridian in

each zone increases. None of this noticeably affects
the accuracy of measurement at common map scales.

4. When drawing lines between UTM grid tick marks,
make the finest line possible. Use a very sharp, hard
pencil or very fine pointed pen to draw connecting
lines. Lines drawn with dull or soft pencils, or with
felt markers, are too wide for precise measurement.
Number 3 office pencils, and number 3H or 4H draft-
ing pencils, if kept sharp, do a good job.

5. USGS has announced that new and newly revised
quadrangle maps will have printed UTM grid lines,
making it unnecessary to draw them by hand. It will
take several years to reprint all of the USGS quadran-
gles, but as they are issued, the labor needed to

measure UTM references will be reduced significantly.

6. The UTM coordinate counter (see figure 1) is used
in all methods except Method IlII. It has measuring
scales to match the common USGS map series around
its edges and each corner of the counter corresponds
to a different map scale.

Be sure to choose the correct scale for the desired
measurement to be made. The organization of each
measuring scale is the same. Values near the corners
are always lower than values toward the center of
each edge.

In all cases, the basic unit of measure is the meter.
For clarity, the smallest ruled divisions of each scale
vary in size. In general practice, and with adequate
care, the level of precision approaches the limits of
visual resolution, for any map, as shown in the fol-
lowing chart.

Map Quadrangle

Scale Series
1:24,000 7.5 minute
1:62,500 15 minute
1:125,000 —
1:250,000 —_

Smallest Unit
Marked on
Coordinate Counter

Measurements
may be made
to the nearest

20 meters 10 meters
50 meters 25 meters
100 meters 50 meters
200 meters 100 meters
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