Geodesy

USNG: Getting
it Right the
First Time

ike the proverbial mustard
seed that grows large, every
once in while a small, supposedly insignificant detail
in a project grows, almost
on its own, into a time-consuming conundrum. Such was the case
for me recently. We were contracted to
perform a survey for Texas Department
of Transportation (TxDOT) that included setting a few control monuments,
something we’ve done hundreds of times
before. The conundrum grew out of
naming the control points.
The TxDOT district had decided to
begin assigning names to new control
points by using the United States
National Grid (USNG) 10m geoaddressing convention. The USNG is a method
of designating a position with one string
of numbers and letters that has its origin
in the Military Grid Reference System
(MGRS). It is very simple to use and
growing in popularity, especially by public agencies and many GIS users. It is
based on the UTM projection with its
inherent map scale issues and so its
advantages are not immediately evident
to the land surveying professional.
The USNG joins a header and the
last few digits of a point’s UTM x and y
coordinates to designate a 1m, 10m or
other precision of the location in a single
string. I studied the method briefly and
created a script in MS Excel to do the
work. Being a surveyor I understood
that for the point to be located within
10m, I needed to use the value in the
ones’ column to round the proper value
for the tens’ column, drop the ones’
column, and keep the previous four
columns for each coordinate. By joining
the two new four-digit numbers I’d have
the name for my point in the USNG. All
was well ... or so I thought.
Our project manager attended a
seminar on the subject and returned
describing how to truncate the ones’
column. I caught the meaning of the
word immediately and hoped it had
been used casually and carelessly in the
seminar, but he assured me it was used
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repeatedly. I needed to find the correct
method with certainty or face the possibility that some of the points may
ambiguously be named two ways! This
would frustrate the whole purpose of
adopting the convention, so I needed to
do some homework.
Darryl Zercher, an RPLS with
TxDOT referred me to FDGC’s website
for their USNG specifications. The site
was down for a couple of days and I
looked around and found some information on the NGS website. NGS also had
an online script and a downloadable program to convert coordinates to USNG. I
tried some of my test data felt very
pleased with myself because both NGS
options gave the same answers as my
own script ... they rounded. I found an
article by Tom Terry, USMC retired, in
which he gave an example of rounding
USNG values to achieve best accuracy in
certain situations. He said that the coordinate format allows a full coordinate value
to be truncated and abbreviated. I shared
all this by e-mail with Mr. Zercher. He
almost simultaneously had sent me by email the document I couldn’t get from
the FGDC website. It definitely said to
truncate. All my best references had
resolved nothing!
I did some more research including
some instructions on using the USNG.
These documents were written at a very
elementary, layman’s level. They didn’t
mention rounding or truncating but I
could tell that it was important for the
system to be understood by someone
who may be nearly math illiterate. It
describes “moving right, then up” to

lines that form the grid. It was now obvious to me that the system’s origins called
for locating the lower left corner of the
quadrant in question, or in other words,
truncating.
I needed to find out why NGS rounded, so I made a phone call to Charles
Charllstrom, Director of NGS. He shared
my curiosity for the differences between
his agency’s and FGDC’s procedures.
Indicating that he enjoyed running down
a mystery, he said he’d investigate and get
back to me. Later he confirmed that the
correct method was indeed to truncate
and that the agency’s scripts would be
corrected and an article like this would be
beneficial to get word out to users about
the corrections. That conversation was
followed by another with Mr. Terry who
referenced the USNG standard that
describes truncation in Annex B Truncation
of USNG Coordinate Values. He joined the
now unanimous chorus of truncation.
The FGDC standards may be found
by using links on the website:
www.fgdc.gov/standards/documents/
standards/xy_proj/. The documents one
should read are: TFIGURES_7.pdf and
fgdc_std_011_2001_usng.pdf. All surveyors should at least be familiar with the
requirements. Those who may be called
upon to use the system should read
them carefully.
Tony Cavell is a licensed surveyor in
Louisiana. He enjoys public speaking
and is an approved CPD provider. He
is currently the GPS, Scanning &
Field Operations Manager for SAM,
Inc. in Austin, Texas.
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Geodesy
he United States National
Grid (USNG) is the
Federal Geographic Data
Committee’s (FGDC)
standard that was developed with the hope of
establishing a nationally consistent grid
reference system as the preferred grid for
National Spatial Data Infrastructure
(NSDI) applications. To a surveyor, the
benefits of such a universal grid reference
system based on the Universal Transverse
Mercator (UTM) System may not be
obvious because of the inherent distortions and large scale factors. For casual
users of positional data (most users of
GIS), its simplicity and large zones of similar shape may be seductively perceived as
beneficial. With it, any identifiable point
on a map may be described with a single
string of characters to a desired precision.
The USNG is based on universally
defined coordinate and grid systems and
can be extended for use world-wide.
When referenced to NAD 83 or WGS
84, USNG values are equivalent to
Military Grid Reference System (MGRS)
values. The difference in these two sys-
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tems is that USNG referenced to NAD27
uses the MGRS WGS 84 scheme of
100,000-m Square Identifications
(described below). Even many older consumer GPS receivers may use MGRS as
a surrogate for USNG/NAD83, which
should also present significant benefits for
homeland security agencies.
The USNG is not designed to replace
the State Plane Coordinate Systems
(SPCS) established by the National
Geodetic Survey (NGS). (The SPCS was
designed with insignificant distortions and
scale factors to describe locations of prop-

erty boundaries, etc.) The USNG may,
however, serve well as a unique identifier
for utilities, surveyors and others with a
need to catalogue inventory items that
possess specific locative attributes such as
power poles or control monuments. The
Federal Geodetic Data Committee
(FGDC) document on the USNG
describes the referencing scheme.
Based on WGS 84 or NAD 83, the
U.S. geographic area shall be divided into
6-degree longitudinal zones designated by
a number and 8-degree latitudinal bands
designated by a letter giving each area a

Figure 1 Grid Zone Designations of the U.S, National Grid
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unique alphanumeric Grid Zone
Designator (GZD). (See Figure 1).
Each GZD area is covered by a scheme of
100,000-meter squares where a two-letter
pair identifies each square. (See Figures
2 & 3)
A point position within the 100,000meter square is given by the UTM grid
coordinates by its Easting (E, x) and
Northing (N, y). The number of digits
will depend on the precision desired.
Using pairs of numbers consisting of 2,
4, 6, 8 or 10 digits will designate grids
of, respectively, 10km, 1km, 100m,
10m, or 1m extents. The convention
can conceivably extend to any desired
precision.
All elements of a grid reference need
not be used. Their use depends upon the
size of the area of activities, the type of
use, and the scale of map to which the reference is keyed. For large geographical
areas, such as the conterminous United
States, the GZD is usually given (such as
18S in 18SUJ23480647). The designation
alleviates ambiguity between identical references that may occur when reporting to
a station outside the area. For areas less
than a grid zone wide, but exceeding
100,000 meters, only the 100,000-meter
Square Identification is needed (such as
UJ in UJ23480647). For an area falling
within a single 100,000-meter square, only
the numerical part of the grid reference is
required (such as 23480647).
A uniform system of truncation is
adopted for the USNG. Truncated coordinates begin with the 10,000-meter digit.
Truncated coordinate values, when combined, always consist of an even number
of digits. Table 1 demonstrates how to
truncate USNG grid coordinate values
and UTM grid coordinates.
Do not make the natural assumption of
a surveyor and round the numbers.
While this would reduce the doubt in the
position to 1/2 the size of a grid, and the
truncated version simply identifies the
lower left corner of the grid, truncation is
the standard! To do otherwise would be
creating a different system and lead to little good and much confusion.
What follows are the FGDC instructions for applying the USNG. Notice the
simplicity implied by reading right and
up. The emphasis is on reading a map,
not relational accuracy.
“The first half of the total number of
digits represents the Easting, and the second half the Northing. The standard
convention of reading “right (Easting) and
up (Northing)” is employed.

“To read the Easting coordinate, locate
the first Easting (vertical grid line to the
left of the point of reference and read the
large digits, the principal digits labeling
the line either in the top or bottom margin or on the line itself. Smaller digits
shown as part of a grid number are
ignored. Estimate, or scale the distance
between the Easting line to the left of the
point and the point itself.
“The reading of the Northing coordinate is made in a similar manner. Locate
the first Northing (horizontal) grid line
below the point of reference and read
the principal digits labeling the line

located in the left or right margin or on
the line itself. Then estimate, or scale
the distance between the Northing grid
line below the point and the point itself.”
Figure 4 demonstrates how to read
the USNG grid coordinates.
Definitions and examples in this article have been excerpted from the
FGDC document FGDC-STD-0112001. It is available on the Web at
www.fgdc.gov/ standards/documents/
standards/xy_proj/fgdc-std-011-2001usng.pdf
(See p. 38 for Figures 3 & 4)

Figure 2 Basic Plan of the 100,000-meter
Square Identification of the USNG

Complete grid reference

Truncated coordinates
Four digit Six digit Eight digit Ten digit

UTM

+18,323483.168,4306479.498

USNG 18SUJ2348306479

(1 km)

(100 m) (10 m)

(1 m)

2306

234064 23480647 2348306479

2306

234064 23480647 2348306479

Table 1 Examples of truncated grid coordinates
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Figure 3 Organization of the USNG 100,000-meter grid squares

Figure 4 illustrates how to obtain the spatial address
for a feature on the map, in this case a cemetery.
Coordinates are depicted as full and truncated values. Values preceding grid coordinates are the Grid
Zone Designation, and 100,000-meter Square
Identification (In this case 18S and TH respectively). These values are found in the Grid Reference
Box in the map legend and are used as appropriate
to locate the feature within increasingly larger areas.
A full coordinate (i.e., 18STH95419263) provides a
unique value over the entire world. TH95419263
provides a value with 10-meters precision out of a
large, regional size area.
Finding 95419263. Think 9541 / 9263.
• Reading right to grid line 95, measure right another 410-meters. Dropping the one-meter digit 0
produces the grid coordinate Easting value 9541.
• Read up to grid line 92. Measure up another 630meters. The Northing coordinate value is
produced from grid line 92 + 630-meters (drop
the 0) to make 9263. This makes the grid coordinate 95419263 (think 9541 / 9263).
TRUNCATED EXAMPLES:
Feature
USNG Grid Coordinates
Bench Mark 324 94349341
Pond
94329206
Building
95649379
Road intersection 96189260
Map extract from US Geological Survey 7.5-minute
quadrangle FAIRFAX, VA, 1994 edition.

Figure 4 How to read USNG grid coordinates
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