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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 mapping historic and archeological sites. The manual was written 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 solicitation 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 System provides a simple and accurate method for recording 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 people find meters easier to visualize than fractions of degrees, and consequently, are less likely to make mistakes.

the Geographic Coordinate System. Locations are expressed in meters, instead of degrees, minutes, and
seconds. The smallest common unit in the latter system, the second, is roughly equivalent to 100 feet depending 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 coordinates estimated from geometrical constructions.

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 figure 1, and a sharp pencil. The coordinate counter
used by the National Register of Historic Places is
available from J & J Reproduction and Drafting Supplies,
Inc., 9107F Mendenhall Court, Columbia, Maryland 21045.

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 efficiently 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 has further benefits, such as simplicity
of notation and greater precision, when compared to

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 published since 1959, and many published before then,
have these ticks, which are printed in blue. Maps produced 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 formula. 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, nonmathematical way to determine UTM references without tick marks, and Digitizing for an automated
method.)

Figure 3 shows a zone, its shape somewhat exaggerated, 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 simplicity of the UTM grid method follows from
certain assumptions, which do not seriously compromise 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 distortion.
In the UTM system, the earth is divided into 60
zones, running north and south, each 6° wide. Mapping 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 number, 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.)

By common agreement, there are no negative numbers for the eastings of points west of the central meridian. Instead of assigning a value of 0 meters to the
central meridian of each zone, each is assigned an arbitrary 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 measured 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 decreasing, but positive, northing values heading southward. For clarity, a minus sign usually precedes northing figures for points south of the equator. This
arrangement is summarized in figure 3. The explanation may seem complicated, but experience has
shown that dealing with negative values for measurements, and having to specify the direction of measurements from a reference line, are more complex and
less reliable. When actually working with maps, especially at the scales commonly used for locating historic
sites, the UTM grid system becomes extremely clear
and straightforward to use.

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 represents its distance, in meters, from the central meridian of the zone in which it lies. The northing of a
point represents its distance, in meters, from the
equator.

Using the System

The Five Methods
This manual describes five methods for measuring the
UTM reference for a point. The first two are the easiest and most common, and each has specific advantages in certain situations.

nate counter, a drafting board and T-square or parallel
rule. Carefully applied, however, either Method I or II
will give satisfactory results on USGS maps drawn to
common scales.
Method HI 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 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 IV is designed for use on sites too near map
edges to be measured by the first three methods.

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

Method V establishes UTM references on USGS quadrangle maps which lack UTM ticks.
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General Information

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

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

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

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 drafting pencils, if kept sharp, do a good job.

2. On these maps, blue tick marks around the margins 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 abbreviated form that shows values in thousand-meter
units such as 477 or 3b23. These abbreviations are clarified 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 abbreviated as VI 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 longitude 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

Map
Scale
1:24,000
1:62,500
1:125,000
1:250,000

Quadrangle
Series
7.5 minute
15 minute

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 quadrangles, 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 III. 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 following chart.
Smallest Unit
Marked on
Coordinate Counter
20 meters
50 meters
100 meters
200 meters

Measurements
may be made
to the nearest
10 meters
25 meters
50 meters
100 meters
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7. If your UTM coordinate counter gets dirty, it can be
cleaned by rubbing it gently with a soft, nonabrasive
artist's eraser, for example, the Vitagum Dry-Cleaner.
Putty-like erasers are not as effective because thev
pick up skin oils and dirt. Abrasive erasers will scrape
the printing from the surface of the counter.
8. Notice the format of the UTM Worksheet (see figure 4). It is an aid to taking notes while measuring
UTM references. For a complete UTM grid reference
for any point, there are spaces to be filled in for the
zone number, easting value, and northing value. The
position of each digit is clearly marked. The heavilv
underlined portions of the easting and northing values are read from the coordinate counter. All other
digits may be read directly from the map.
9. One of the most frequent errors in writing UTM
references is to reverse the easting and northing figures, with digits dropped or zeroes improperly' added
to make up for the different number of digits required
for each. The correct formulation is easv to remember:
a) Eastings are distances east (6 digits);
b) Northings are distances north (7 digits);
c) The order for writing UTM references is Z-E-N,
zone-easting-northing.
10. Cheap straightedges, especially the common
school and office rulers made of wood with brass
edges, are notorious for drawing crooked lines. Even
small deviations have a drastic effect on the accuracv
of measurements.
To check the trueness of any straightedge, draw a
long line with it, using a very sharp pencil. Turn the
straightedge end for end, and draw another line connecting the ends of the first line. If the second line
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does not fall precisely along the first line for its entire
length, then the straightedge is not straight.
The best source for reliable straightedges is an art or
drafting supply store. College bookstores at schools
where engineering, architecture, or drafting are
taught are also good sources. The dealer should not
object to you testing the edge.
11. For sites mapped with more than one point:
a) Begin with the northeasternmost point and proceed
clockwise. If coordinates are written consistently' in
this way, computerizing UTM data will be much simpler. For example, as shown in figure 5a, list the
points in alphabetical order, beginning with point A.
(See also UTM Representation of Extensive and Complicated Sites.)
b) The simplest way to find the northeasternmost
point of a figure is to line the map up with a T-square
along the map border, and to pass a 45° line (NW-toSE) across the figure from the west to east. The last
point it crosses before passing beyond the figure will
be the northeasternmost point. A 45° draftsman's triangle, or an adjustable triangle set at 45°, moved
along the T-square will show this line.
c) Some sites may have no point that is clearlv farther
northeast than the others. This will happen when a
line connecting two or more corner points lies in the
direction NW-to-SE; that is, 45° north of west. As in
figure 5b, where neither of the points A or B is northeast of the other, start with the northernmost of the
two, A.
d) It is a good idea to label the points, both on the
map and anywhere you write the references, to avoid
confusion.

UTM Representation of Extensive and
Complicated Sites

The records of a historic site in the National Register
of Historic Places may show three types of boundary
descriptions: precise boundaries described verbally,
boundaries drawn on USGS quadrangle maps, and
approximate boundaries expressed by Universal
Transverse Mercator (UTM) references to points on
the drawn boundaries.
The goal of a UTM description is limited to fixing the
location of a site in its geographical context and to
conveying a reasonable impression of the site's shape
and extent. Although it is an approximation, the UTM
description should not be so loosely expressed that it
could mislead a user by misrepresenting the site.
The UTM references for an extensive or complicated
site have often been derived from the corner points of
a rectangle drawn around the site (see figure 6a).
While this approach fixes the site unambiguously on
the map, and proves expedient for the mapper, it
often falls short of the goal by seriously misrepresenting the shape and area of the site. The seriousness of
this misrepresentation depends on how the data is to
be used and on how much supporting information is
available to guide a user's interpretation.
The general solution to the problem is to approximate
such a site's boundaries by enclosing the site within a
figure of more than four sides, or within a group of
figures. As more points are plotted, less extraneous
land is included. Figure 6b shows how the approximation of figure 6a could be improved by using more
than four corner points, thereby reducing the extraneous (shaded) area. The mapper must reach a compromise between accuracy of representation and available working time, keeping in mind how the resulting
information may be interpreted.
Extensive and complicated sites may be considered in
four categories: complex, unclosed, discontinuous,
and compound sites. Suggestions follow for choosing
boundary points in each category.

Complex-Sites
Complex sites have at least one border that does not
conform to a side of a rectangle drawn on a USGS
quadrangle map. They may be best represented by
polygons of more than four sides (see figure 6b). UTM
references for complex sites should be listed in National Register nomination forms beginning with the
northeasternmost point and continuing clockwise.

Unclosed Sites
An unclosed site does not form a closed geometric figure. If the site is small or if it follows a single straight
line, a rectangle enclosing all points of the site may be
an appropriate representation. However, if the site is
extensive or if its boundaries curve or follow an irregular course, some other closed figure surrounding the
site and conforming to its shape would be more appropriate (see figure 6c).
In some cases it may be possible to give an adequate
representation of the site by a series of points connected by straight line segments, where the points are
close enough to follow the curves (see figure 6d) but
do not form a closed figure. As in representing complex sites, accuracy must be balanced against the
amount of work required to record the site.
Note: When the method chosen does not form a
closed figure, the phrase "unclosed figure" should be
written clearly on the nomination form beside the
UTM references, and the references should be placed
on the form in sequence from the northeasternmost
end of the figure to the other end (A through E in
figure 6d).
The common method of enclosing the meandering site
in a series of rectangular boxes is no longer recommended. Although the results are similar to those in
figure 6c, the method requires that many more corner
points be drawn and measured.

Discontinuous Sites
A discontinuous site is composed of two or more separate features. Although the features of the site could
be approximated by a single, closed figure (see figure
6e), the sense of the site would be distorted, implying
that the area between the individual features is included. A better approach would be to plot a series of
unconnected points or figures for each feature (see figure
6f), clearly labeling which points belong to each feature.

Compound Sites
A compound site is a discontinuous site with at least
one feature described by multiple points, for example,
two landing sites connected by a portage trail. Compound sites may be best represented by describing
each feature separately. As shown in figure 6g, feature 1 is represented by points A-B-C; feature 2 by
points D-E-F-G-H, feature 3 by points I-J-K-L.
Features 1 and 3 are closed figures, but feature 2 is
unclosed.
7

Method I

This involves drawing part of the UTM grid on the
map and measuring from the grid lines to the point.
It is the basic method, and its logic underlies the
other methods. The following equipment is required:
• a flat work surface on which to spread out the map
in full, drafting table helpful but not required;
• a straightedge long enough to reach completely
across the map, generally about 36" to 48";
• a very sharp pencil; and
• a UTM coordinate counter.
For each point to be measured, follow these steps,
which will be easier to understand with map and
tools at hand:
1. Draw a line from the top of the map to the bottom, connecting the nearest equal-valued pair of
UTM ticks to its west, that is, with the highest
easting value west of the point.
2. Draw a line from the left side to the right side of
the map, connecting the nearest equal-valued pair
of grid ticks to its south, that is, with the highest
northing value south of the point. This will intersect the previous line somewhere to the southwest of the point.

6.

7.

8.

Note: If the point is so close to a map edge that
either of these lines cannot be drawn, use Method
IV.
3. Remember that the UTM grid lines are generally
not parallel to the map edges.
4. Copy the zone number onto the worksheet.
5. Copy onto the worksheet the printed portions of
the easting and northing values appropriate to the
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9.
10.

UTM ticks through which the lines have been
drawn. Not all ticks are labeled. It may be necessary to count from a nearby tick. Remember that
VI is an abbreviation for 477,000 meters, that
easting values increase going east, and that northing values increase going north. Check the distance between UTM ticks with the map scale before counting.
Locate the scale on the coordinate counter matching the scale of the map. If no coordinate counter
scale matches the map, use Method III.
Align the counter on the map so that:
a) the side of the scale that reads from right to
left lies along the east-west line, and
b) the side of the scale that reads from left to
right passes through the point being measured
(see figure 7).
Read the coordinate counter scales, right-to-left
for the easting and upward for the northing. Enter the measured values onto the worksheet (see
figure 8).
Check the readings for plausibility. Are all figures
in the correct decimal places: does the easting
have six digits and the northing seven? Do points
directly east or west of one another have nearly
equal northings? Do points directly north and
south of one another have nearly equal eastings?
Can you account for the differences?
Check the figures for accuracy by remeasuring at
least once.
Be sure that the correct order is observed: zone,
easting, northing.

Method II

This method is based on the draftsman's technique of
projecting a point to the edges of the map, along lines
parallel to the UTM grid. It requires more care in setting up than Method I, but is faster where there are
several points to be measured on the same map. The
following equipment is required:
• a drafting table or drafting board large enough to
conveniently hold any common USGS quadrangle
map, 30" x 36" or 36" x 42" recommended,
• a T-square or parallel rule long enough to reach
across any common USGS quadrangle map, 36" to
48" recommended,
• a very sharp pencil or pen,
• a UTM coordinate counter, and
• a draftsman's triangle, 30° x 60°, 12" minimum, 15"
recommended.
For each point to be measured, follow these steps:
1. Align the map to the T-square or parallel rule,
with any two UTM ticks of equal value along the
eastern and western map margins.
Note: This may not make the map's own neat lines
(edges of printing) square with the T-square.
Alignment with the neat lines will inevitably create errors. This step is the key to accuracy in all
further steps, so check the alignment carefully.
Folds or curls in the map will make alignment difficult. It is advisable to relax a folded or curled
map between flat, weighted surfaces for a day or
so before measuring coordinates.
Fasten down the map corners with masking or
draftsman's tape, so that the map lies flat and
smooth. The best way to tape down a map is
shown in figure 9. Re-check alignment to be sure
the map has not moved.
To check alignment, draw a very fine line through
a UTM tick on one side of the map, using the Tsquare. If the line passes exactly through the tick
of equal value on the opposite side of the map,
then the map is properly aligned.
2. Draw a horizontal line along the T-square through
the point to be measured, extending through the
left or right edge of the map, whichever is closer.

3. Using the T-square and triangle, draw a vertical
line through the point, extending through the top
or bottom edge of the map, whichever is closer.
4. Remember to label each point and both of its projections (the points at which the lines in steps 2
and 3 cross the map edges).
5. For each point to be measured, copy the zone
number from the map onto the worksheet.
6. Copy onto the worksheet the printed portion of
the easting value of the nearest blue UTM tick
mark to the left, west of, the point's projection on
the top or bottom map edge. If the value of the
tick is not printed on the map, it can easily be
found by counting from nearby ticks. Establish
the distance between ticks by checking against the
map scale.
7. Using the proper corner of the coordinate
counter, align the ends of the appropriate measuring scale with the tick marks to the left and right
of the point's projection on the top or bottom map
edge. Be sure that the values on the measuring
scale increase from left to right. Read the distance
from the tick on the left to the point's projection,
and enter this figure in the heavily underlined
portion of the easting space on the worksheet.
8. Copy onto the worksheet the printed portion of
the northing value of the blue UTM tick nearest
below, south of, the point's projection on the left
or right map edge. (See step 6 for values not
printed on the map.)
9. Using the same corner of the counter, place the
zero point on the tick below the point's projection. Be sure that the values on the measuring
scale increase going upward, north (see figure 10).
Read the distance from the lower (southern) tick to
the point's projection, and enter this figure in the
heavily underlined portion of the northing space
on the worksheet.
10. Check the measurements and copied values of
eastings and northings by carefully remeasuring
at least once.
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Method III

The third method for deriving UTM grid references
should be used when maps have UTM grid ticks, but
are drawn to scales that do not match any of the four
scales on the UTM coordinate counter. There are
three versions of Method III, the first somewhat less
reliable than the second, but requiring fewer tools,
the third using proportional dividers.
The first two versions require a straightedge and a
measuring scale that divides its units of measure into
lOths. Generally, the most satisfactory type of measuring scale will be a triangular engineer's scale, such as
the Dietzgen 21636. A metric engineer's scale will also
work.
Note: Method III is geometrically similar to the
method commonly used for deriving latitude and longitude values in the Geographic Coordinate System.

Version 1
This version is useful when no drafting table and Tsquare are available, and when only one point on a
map must be measured. When a drafting table and Tsquare are available, or when several points must be
measured on the same map, version 2 should be
used. For each point to be measured, follow these
steps:
1. Locate the point on the map.
2. Draw four UTM grid lines to form a complete grid
square surrounding the point. Whether or not a Tsquare is used, the straightness of the lines drawn
is crucial to this method.
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3. Choose a measuring scale, minimum 10 units long
with 10 subdivisions per unit, on which 10 units is
longer than the distance between UTM grid ticks.
4. Align the measuring scale so that:
a) the zero point is along the western grid line,
b) the 10-unit point is on the eastern grid line,
and
c) the edge of the scale passes through the point
to be measured.
Adjust the alignment carefully—accuracy of
measurement depends on precise alignment (see
figure 11).
5. Read the scale, and write the distance between
zero and the point in units and lOths on a piece of
scrap paper.
6. Repeat steps 4 and 5, but with the zero point on
the northern grid line and the 10-unit point on the
southern grid line.
7. Determine the measuring scale units.
If the distance
then each unit
and each 10th
between ticks is
represents
represents
1,000 m
5,000 m
10,000 m

100 m
500 m
1,000 m

10 m
50 m
100 m

This will be true for both eastings and northings.
8. Write the easting and northing values on a worksheet, placing the printed and measured digits in
their proper places.

Version 2
This version requires a drafting table, T-square, and
triangle, in addition to the measuring scale mentioned
in version 1. Although the set-up of the map on the
drafting board is critical and it takes longer than version 1, this version makes measurement of several
points on the same map quicker and more accurately.
Follow these steps:
1. Align the UTM grid ticks on the map with the Tsquare, as in Method II. Tape the map down securely (see figure 9), and check the alignment, adjusting it if necessary. In most cases the T-square
will not be parallel to the map edges.
2. Draw lines connecting grid ticks of equal value to
construct a grid square around each point to be
measured.
3. Choose any measuring scale on which 10 units,
each divided into lOths, span a distance greater
than the distance between ticks.
4. For each grid square, align the zero point of the
scale with the western grid line, and the 10-unit
point of the scale with the eastern grid line. Mark
the points on these two lines, and connect them
with a diagonal straight line. Note that this need
not be done within, or even near, the grid square
itself, but may be done wherever convenient between the lines.

5. Similarly, draw a diagonal line 10 units long between the north and south grid lines, wherever
convenient.
6. Using the T-square and triangle, project the point
to the diagonal line just drawn between the east
and west grid lines. This is equivalent to projecting the point to the border of the map, as in
Method II. Label the point and its projection on
the diagonal line.
7. Using the T-square, project the point to the diagonal line just drawn between the north and south
grid lines. Label the projection on the diagonal
line.
8. Use the measuring scale to measure the distance
from the western grid line, along the diagonal line
from steps 4 and 6, to the point's projection on
the diagonal line. Note the measurement on scrap
paper.
9. Use the measuring scale to measure the distance
from the southern grid line along the diagonal
line from steps 5 and 7, to the point's projection
on the line. Note this measurement on scrap paper.
10. Determine the measuring scale units, as in step 7
of version 1.
11. Write the easting and northing values on a worksheet, placing the printed and measured digits in
their proper places.
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Method IV

When a site is so far south or west within a quadrangle that there are no grid ticks to the south or west of
it, and therefore, no grid lines to measure from,
Method IV is a simple way to determine eastings and
northings.
In figure 12, the point to be measured is so close to
the southwest corner of the map sheet that no UTM
ticks are printed to the south or west of it. Draw lines
connecting the nearest pair of UTM ticks to the north
and east of the site. Using the coordinate counter,
measure distances from these lines to the site. This involves turning the coordinate counter 180° from its
normal position (see figure 12).
In the figure, the site is about 680 meters west of the
nearest grid line to the east, and about 850 meters
south of the nearest grid line to the north. To obtain
the easting and northing values, subtract the measured distances from the UTM values associated with
the grid lines:
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Easting

388,000 mE
680
= 387,320 mE

Northing =

3,167,000 mN
850
3,166,150 mN

Comparable methods may be worked out for points
near the western and southern neat lines. For some
only one subtraction will be needed. Check the logic
of each measurement carefully, remembering that
easting values always increase to the east and northing values always increase to the north.
One could construct extended grid lines and measure
from them without subtraction. However, drawing
the extensions frequently introduces mechanical errors, which are reflected in the UTM values. In practice, Method IV seems to give better results, and is
recommended.
Note: This method may be used at any map scale, if
the correct measuring scale on the coordinate counter
is used.

Method V

This method is used to derive the UTM grid reference
for a point when the map in which it is found does
not carry UTM grid ticks. It is somewhat tricky, and
involves looking up the UTM grid references of the
corner points along the neat lines where tick marks
would have been printed, then continuing the normal
gridding process (Method I or II). It should be used
with caution because of the many steps that might introduce mechanical errors.
Tables with UTM references for corner points of USGS
quadrangles are found in Department of the Army
Technical Manual TM 5-241-11, Universal Transverse
Mercator Grid Tables for Latitudes 0°-80° (Washington,
DC: Headquarters, Department of the Army, 1959).
A. Set-up (two examples are given as figures 14-16)
1. Find the zone number of each map corner point.
a) By reference to other maps showing this information for the same area
b) By calculation:
1) Western Hemisphere
(a) Divide longitude of point by 6.
(b) Drop the fraction if there is a remainder;
that is, round the result downward. 1.65
becomes 1
(c) Subtract result in (b) from 30 giving the
zone number.
2) Eastern Hemisphere
(a) Divide longitude of point by 6.
(b) If there is a remainder, raise result to
the nearest whole number; that is,
round upward. 1.35 becomes 2
(c) Add result in (b) to 30 giving the zone
number.
2. Note the longitude of the central meridian (CM)
for the zone (see figure 13).
3. Note the latitude and longitude of the corner
point.
4. Calculate the angular difference between the longitude of the CM and the longitude of the point
by subtracting the smaller from the larger. This
gives reference figure A\ (angular difference).
1. Longitude of CM
145° 60' 00"
2. 166° 00' 00"
Longitude of point.
A\ 145° 30' 00"
A\ 165° 00' 00"
0° 30' 00"
\k
I o 00' 00"

B. UTM determination for each map corner point
1. Locate the proper table in Universal Transverse
Mercator Grid Tables for Latitudes 0°-80° (Department of the Army Technical Manual TM
5-241-11), according to the latitude of the point.
2. Locate the proper line in the table by matching
AX, the angular difference calculated above, with
the values given in the left column of the table.
3. Determine whether the corner point is east or
west of the CM
a) Western Hemisphere
1) east if point's longitude is less than that of
the CM
2) west if point's longitude is greater than that
of the CM.
b) Eastern Hemisphere
1) east if point's longitude is greater than that
of the CM.
2) west if point's longitude is less than that of
the CM.
4. To find the easting of the corner point, look in the
column "West of CM" or "East of CM," according
to step B 3 above, and write the figure found in
the line determined in step B 2. This is the easting, shown in the table to the nearest 10th of a
meter.
5. To find the northing of a corner point, continue
across the same line, and write the figure found
in the " N " (northing) column.
6. Round off easting and northing to the nearest 10,
50, or 100 meters, depending on map scale. In calculation or a series of measurements, the least
precise factor determines the precision of the result. Because you will only be able to measure the
UTM reference with limited precision, to the nearest 10 meters on a l:24,000-scale map, there is no
advantage in retaining decimal places beyond the
limits of your own sight.
C. Drawing the grid
1. After determining the UTM references of the corner points of the map, measure from each corner
to where the nearest tick mark would be if it had
been printed along the neat line. That is, set the
coordinate counter over each corner point, running along each neat line in turn. For example,
the counter should be set so that the easting
13

