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DEP ARntENT OF COMMERCE

NATIONAL OCEA~IC A~D ATMOSPHERIC ADMINISTRATIO~
KATIONAL OCEAN SURVEY

NATIONAL GEODETIC SURVEY

POLICY ON PUBLICATION OF PLANE COORDINATES

The National Ocean Survey, National Geodetic Survey determined it
is in the best interest of the surveying and mapping community that
two plane coordinate systems be published and suppo~ted beginning in
1983 with the North American Datum redefinition. These two systems
will be identified as the "State Plane Coordinate" (SPC) and the
"Universal Transverse Mercator" (UTM) systems.

The UTM system will consist of the transverse Mercator projection
as defined in Chapter 1 of the 1958 Department of Army Technical
Manual TM5-24l-8, changing only the definition of the datum. The
SPC will consist of the same projections and defining parameters as
published in the USC&GS Special Publication 235 (1974 revision) and
legally adopted in 35 states, except for the following changes:

1. The grid will be marked on the ground using the 1983 NAD.

2. Distances from the origin will be expressed in meters and
fractions thereof. One additional decimal place should be used
for the metric expression of a value previously expressed in feet.

3. The arbitrary numeric constant, presently assigned to the
origin, will be unchanged but will be considered as meters instead
of feet, except for the following: If a state elects to have a
different constant(s) assigned to the origin so that the 1983 NAD
plane coordinates will appear significantly different from the
1927 NAD positions, when considering the overall system, then the
National Geodetic Survey will consider changing the origin constant.
If the state so elects, it must amend its legislation to accommodate
this change.

4. Michigan's transverse Mercator syste~ will be eliminated in
favor of the legislatively approved Lambert system.

5. Projection equations will be programmed such that the maxi-
mum computing error of a coordinate will never exceed 0.1 mm when
computing the coordinate of a point within the zone boundaries.

A supplementary publication of SPC constants will not be published
until 1982 to allow sufficient time for state legislative action.

These state amendments will be based upon the desires and needs
within the states, recommendations of the National Geodetic Survey,
and among other things will consider the following items.

1. Refinements to eliminate:

a. Negative "Y" coordinates for certain islands on the Maine

east zone.
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b. Negative "X" coordinates for points on the Dry Tortugas .

on the Florida east zone.

c. Negative "Y" coordinates for some offshore points on the,
-Louisiana south zone.

d. Zone boundary in the State of Washington passing through
Grant County following latitude 470 30' rather than the county .

boundary.

e. Negative "X" coordinates for some points on Mona Island
and vicinity west of Puerto Rico.

2. Urbanization that requires either different parameters for
existing zones or additional zones such that a metropolitan area
would be located in a single zone. For example:

a. New York City
b. Chicago
c. Cincinnati
d. Washington, D. C:

3. A change in the arbitrary o:-igin as discussed above. This
can.be accomplished in most cases by:

a. Changing the "X" coordinate constant of 500,000 to 300,000
or 700,000 where the transverse Mercator is used, or change the
"X" coordinate constant of 2.000,000 to 4,000,000 where the Lambert
is used.

b. Changing the "?" coordinate constant of zero to 500,000 or

1,000,000.

c. Changing both "X" and "y".

The National Geodetic Survey will not change projection defining
parameters in states that have legally adopted the SPC system until
the state amends its legislation.

Dated: March 18, 1977

T. P. Gleiter
Assistant Administrator

for Administration

[FR Doc.77-8847 Filed 3-23-77;8:45 am] .
Published 3-24-77
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THE STATE COORDINATE SYSTEMS
~ (A Manual for Surveyors)

INTRODUCflON

GENERAL ST A TEMEl\'T

1. The use of plane-rectangular coordinates in land surveying is by no means a mod-
ern development. The ancient Egyptians probably used a form of coordinates when they
referred the land comers of the rich valley lands of the Nile, where floods made monu-
mentation impracticable, to permanent marks on higher land. It is known that they con-
structed right angles on the ground by means of triangles having sides in a 3-4-S
proportion. The land surveyor of today uses plane-rectangular coordinates when he tra-
verses the boundaries of a f~rm and computes the latitudes and departures of its comers,
referred to an arbitrarily-selected origin and meridian of reference.

2. In either case, the utility of the method employed depends in a great measure upon
there being recoverable at future times, the monuments at stations from which surveys
can be run to determine the ground positions corresponding to the coordinates of points
whose monuments have been obliterated or destroyed. But as original survey monuments
decay and disappear and the stations th~y repres~nted are restored by survey methods,
these restored stations themselves become the bases from which other restorations are
made. And with each subsequent restoration, the accuracy of the result is diminished,
since it is affected by the errors of the original survey ,combined with th~ errors of the
restoration surv~y or surveys. Eventually, even a good survey of a limited ar~a with only
its own monuments to preserve its ground location will, by loss of original monuments and
errors of replacement, become little more than a paper record, beyond the power of a sur-
'Veyor to transfonn into a ground pattern of monumented lines without the aid of a court
decision prescribing a legal method of construing conflicting records and interpreting
survey discrepancies.

3. Seeking a remedy for this condition of insecurity, engineers have connected their
land surveys with other surveys of greater extent and accuracy and of superior monu-
mentation, whose stations would serve as starting points for resurveys to restore lost
comers to their original ground locations. For this purpose, the triangulation stations
established by the U. S. Coast and Geodetic Survey are proving satisfactory. Designed to
provide control for Federal surveys and maps, the triangulation executed by this Bureau
comprises a coimirywide network (fig. 1) connecting thousands of marked points whose
geodetic positions (latitudes and longitudes) are known with such accuracy and precision
that any station, if its marks are destroyed, can be restored closely in its original position
on the ground by surveys based on other triangulation stations whose marks have
not been disturbed.

4. But such restoration by the usual geodetic survey methods requires a degree of
training in the use of those methods with which the land surveyor is ordinarily unac-
quainted, 10 means were accordingly sought for making geodetic survey data available
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STATE COORDINATE SYSTEMS 1~

This makes it desirable to use azimuths in any dependent survey which is based on the
national control survey. It is recommended that azimuths also be used on isolated surVeys,
where the accuracy is sufficient to justify their being placed later on a State coordinate
system, when and if the connection to the State system becomes practicable.

DIFFERENCE BETWEEN GEODEnC AND GRID AZIMUTHS

33. In placing a survey on a system of plane-rectangular coordinates, all bearings or
azimuths are referred to the same meridian. This produces a condition which some sur-
veyors and many others who are interested in land-boundary descriptions have difficulty
in accepting: except at the origin and other points on the meridian of reference, there is a
difference between the grid azimuth or bearing of a line and its geographic azimuth or
bearing. Everyone is familiar with the fact that the geographic meridians converge towards
the poles, where they meet and intersect. If one is making a survey of a piece of land
which extends a considerable distance in an east-and-west direction, he knows that he will
not obtain true azimuths (Section 36) for the traverse lines by applying the traverse
angles successively to the true azimuth of the starting line. As the survey proceeds further
and further east or west and the distance from the meridian through the origin increases,
the difference in the directions of that reference meridian and of the local meridian will
steadily increase, and there will result a corresponding increase in the difference between
true and grid azimuths.

34. It is sometimes important for the surveyor to know the difference between the
geodetic and grid azimutns of a survey line, for purposes of obtaining a check on a com-
puted value or to provide a starting azimuth for a survey. In land surveys, for lines up to
or about one mile in length, it is satisfactory to use the angle between the geodetic and grid
meridians. On the Lambert grid this angle is known as the theta angle, designated by 8,
and listed in the State projection tables. On the transverse Mercator grid, the angle is the
delta alpha angle, designated by .A.a, employed in geodetic computations to represent the
convergence of the meridians. In current publications of State coordinate position data,
the appropriate value of 8 or ~a is listed for each station. For either grid, precise values of
the difference between geodetic and grid azimuths may be obtained by the application of
small corrections to the 8 or Aa values. These corrections are too ~m:ill to be noticed in
this publication.

CONVERGENCE OF MERIDIANS

35. The convergence of meridians and its effect on a true azimuth or bearing is illus-
trated in Figure 11. The azimuth angle A increases from west to east. The azimuth angle
at Al differs from the azimuth angle at As by the amount the meridian at AI fails to be
parallel with the meridian at As. For the survey of a small parcel of land, this difference
is negligible, and the surveyor who uses a system of plane coordinates, and states the
resulting bearings are true bearings, when only the bearing of lines converging at the
origin may be accurately called true bearings, is technically wrong, but sufficiently accurate
for practical purposes. But as a survey reaches further and further from the initial
meridian, these differences become important, and the use of the term "true" to designate a
bearing that is really a grid bearing may become a blunder of such magnitude as to
develop costly consequences.













STATE COORDINATE SYSTEMS 19

control stations of the national survey, the measured distances must be reduced to sea level,
regardless of the kind of coordinate system employed. This reduction presents no difficul-
ties as the average elevation of even a large area can be used, and the reduction is easy to
apply. This average elevation may be obtained from a number of sources such as the
topographic maps and leveling data issued by various governmental and private organ-
izations. It might also be obtained by means of barometric observations. The accuracy
with which the elevation of the ground must be known to obtain a prescribed accuracy
in the reduction to sea level may be determined by consulting the table of comparativf'
errors in section 58.

SEA-LEVEL LENGTHS REDUCED TO GRID LENGmS

47. The reduction of a sea-level length to a grid length on a local coordinate system
is not a simple procedure, but as such local systems have almost completely been super-
seded by the State systems, the transformation of sea-level lengths to grid lengths on a
local system will not be discussed here beyond saying that it is impracticable of achieve-
ment and never made. On the other hand, the reduction of a sea-level (geodetic) length
to a grid length on a State system is simple and is easily made. A geodetic length is re-
duced to a grid length on a State system by the application of a scale factor which is.taken
from a table with a single argument-the position of the line with respect to a central con-
trolline of the grid. This will be considered with sufficient detail for the purposes of this
manual in connection with the actual examples of use (secs. 52, 55). If one desires to go
even further into the study of scale factors, Special Publication No. 19318 of the Coast
and Geodetic Survey should be consulted.

COMBINA nON FACTORS: REDUCTION TO SEA LEVEL AND GRID

48. In reducing a ground-level length to its corresponding grid length on a State
coordinate system, the two processes involved-reduction to sea level and thence to the
grid-may, for most land surveys, be performed in a single operation, employing a factor
which is a combination of the sea-level and scale factors. The usual land survey is of such
limited extent and has such small variation in relief that this rarely offers any difficulty.
In studying the effect of using a State system over an extensive area, it is the rate at which
the scale factor changes over the area rather than its absolute values which should be con-
sidered. For example, it is near the center of the belt limited by the lines of zero scale
error of a State grid that one maximum value of the scale factor occurs, but it is also
there that the factor changes most slowly, so that a mean scale factor may be employed
there for much wider areas than where the scale factors are much smaller but are rapidly
changing. Results obtained with large scale factors are as accurate as results obtained with
small scale factors. The principal advantage of small factors is that they may be neglected
in all but the most precise surveying.

49. We now come to the case where a higher degree of accuracy is obtained in the
measurement of the traverse, and it is desired to obtain a consistent accuracy in the com-
putations. The general location of the work within the State is known from maps, while
its relation to the State grid is determined from the control stations to which it is tied.
Also, the general elevation of the land above sea level is obtained from available sources

(sec. 46).
II Bibliorrapb1, p. 44.



20 U. S. COAST AND GEODETIC SURVEY

50. Let us assume that a surveyor plans to make an extensive survey in Cobb County,
Ga., and that the wQrk will be done with greater accuracy than is employed on an
ordinary' land survey-not the highest accuracy, but with that indicated by closing errors
of between 1: 5,000 and 1: 10,OOO-probably nearer the latter figure. This means that the
surveyor will use a standardized tape, that is, a tape whose length in standard units is
known at a given temperature, tension and method of support. The tape will be used at the
standa,rd tension and method of support, but correction for temperature will be made (sec.
89), and as the distance measured will be on the slope oi the ground, there will also be a
correction for grade, to reduce the slope distance to the corresponding horizontal distance.
The grade is determined by leveling or by observed vertical angles. In a traverse of this
quality, the measured or ground-level lengths are also reduced to grid lengths.

CHARACTERISTICS AND LENGTH REDUCTIONS

TR.A.~SVERSE MERCATOR CRW

51. The Georgia Coordinate System is formed of two zones, the line of separation
being approximately north and south, following county boundaries. Cobb County is in the
West Zone. As these zones are of limited east-west dimension, and extend north and south
the entire length of the State, the State coordinate system is based on the transverse Merca- c
tor map projection. The name of the base projection is of no special importance to the
surveyor who starts \vith grid coordinates and azimuths. It does appear in connection with
the technical definition of the State system and is useful in establishing the legal identity
of the system. The information which the surveyor obtains from the technical definition
may be summarized as follows:

(a) The central meridian of the West Zone is the geodetic meridian 84'0 10' west of
Greenwich, and it is to this meridian that the grid azimuths in this zone are referred. The
.%"-coordinate of the central meridian of this zone is arbitrarily giv~n the value 500,000
feet, so that the distance from the central meridian to a point whose .:--coordinate is
known may be obtained by simple subtraction. This distance, east or west, is called .:".
.:"=.%"-500,000.

(b) The scale of the projection may be e."<pressed in several ,vays. It may be given
as a ratio of the grid length to the sea-level (geodetic) l«:ngth, or it may be expressed as a
numerical correction to be applied to th«: measured length reduced to sea level, to further
reduce it to the grid length. This correction may be given as so many feet per thousand feet
in length.

(c) In the normal form of this type of projection, the scate error and therefore the
scale factor incre:l.ses with distance from the central meridian. If the scale along that
meridian is exact, a 1 to 1 correspondence, then the grid lengths nnt on that meridian will
be longer than the sea-level lengths. As the scale errors increase as the square of the dis-
tance from the central meridian, those along the outer edge of the grid will not only be
larger but will change much more rapidly than those near the central meridian. In oraer
that the errors along the edges of the grid will not be excessively large, a scale factor is
adopted for the central meridian which will make grid distances smaller than s~a-level dis-
tances by an amount which will be closely balanced by resulting scale errors at the grid
edges, where the grid distances will be the larger. In the case of the Georgia Coordinate
System, West Zone, the scale along the central meridian was set at 1 part in 10,000 too
small, so that a sea-level .distance at that meridian is reduced by 1/10,00) of its length
to obtain the correspondinr; grid length. At a distance of about 56 miles from the c~ntral
meridian, the scale becornes exact: grid lengths agreeing exactly with geodetic lengths.

























32 U. ~ COAST AND GEODEnC SURVEY

elevation datum surface for the control survey of the country is mean sea level, so a cor-
rection is applied to the line as a whole to reduce it to a sea-level distance (sec. 45). A
further correction is required to reduce the sea-level distance to the corresponding State
g.rid distance (sec. 47). As areas involved in most land surveys are relatively small, and
topographic relief moderate, it is usually convenient to combine the factors for reduction
to sea-level and grid, and reduce the ground-level distance to the corresponding grid dis-
tance by a single operation (sec. 53).

COMPUTATION OF LAND SURVEY

82. We are now ready to consider in a concrete way some of the problems relating to
traverse surveys and their processing on a State coordinate system, utilizing for the pur-
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STATE COORDINATE SYSTEMS 43

"The northwest quarter of the southeast quarter (NW7'4SE7'4) of .Section
Ten (10), Township Seventy-nine North (T79N), Range Six West (R6W)
of the Fi fth Principal Meridian."

and comments as follows:
"This description, where practicable, is convenient, easy to express, easy to un-
derstand, and entirely satisfactory."
"For the sake of perpetuating the corners that control these subdivisions, the
statement of their positions in terms of the State coordinate systems is very
desirable."

According to the "Specifications for Descriptions of Tracts of Land for Use in Execu-
tive Orders and Proclamations," 18 the above description would be put in the form:

Fifth Principal Meridian
T. 79 N., R. 6 W., sec. 10, NW}~SE7'4

101. It is fully agreed that, for purposes of tracing title, this description is "entirely
~tisfactory." Furthermore, as long as there remain in position the physical monuments
marking the comers of the public-land subdivision of which the parcel is a fraction, and
those marks are susceptible of recovery and identification, the description is adequate for
survey purposes. Regardless of how much the ground positions of the comer monuments
disagree with the field notes of the original survey, the monuments mark the true cor-
ners. Where the coordinates of a comer monument have been determined on a State
system, and the monument is later obliterated, those coordinates will provide an effective
means of recovering and identifying any part of the monument that may remain in posi-
tion. If the monument is totally destroyed, its coordinates become primary evidence of
where it stood. Since its coordinates can be determined only while a monument is still in
existence, it is evident that if they are accurately determined, there can be no conflict 19
between the position they define and the position which was defined by the monument.

102. For a description of a public-land subdivision, an acceptable use of a State
coordinate system would be the placing of the coordinates of the marked comers on an
offici~l plat, to which specific reference would be made in the written description. The
plat should also, if practicable, show the coordinates of the control stations from which
the coordinates of the subdivision comers were derived. If the use of a plat is not prac-
ticable, the description suggested above might continue with a statement of the coordi-
nates of a comer or comers to which the land is directly related. In the example given
above it would be helpful if something like the following were added:

"The coordinates of the center of Section 10, referred to above, on the Iowa
Coordinate System, South Zone, are: .1'= feet and y=

feet."
If to this were added the coordinates of the south and east quarter comers of section 10,
and of its southeast comer, this would be a nearly perfect description.

103. In other than public-land States, the inclusion of State coordinates in any form
of description is also very desirable, except where there is an official plat on file showing
the State coordinates, in which case a reference to the plat will make it part of the legal
description. A carefully-prepared plat of an area embracing a number of land parcels and
showing the State coordinates of the land comers and of control stations which define the
:~tate coordinate system is a very satisfactory description for survey purposes. A suitable
-

II BibliOf1"8phy, p. 44.
.Appen~ II, p. 54, Hc. I










































