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Today’s Outline

• Define the problem
• Review of VT State Plane System
• Relationship of field (Horizontal) and grid distances
• Relationship of orientation systems
• Documentation



What is the problem…Why are we having this 
discussion?

• General lack of understanding today compared to 
the past

• More users of SPC today than in the past
– GPS
– OPUS, OPUS-RS
– Computers, Software
– Easy transfer of data from one technology to 

another
• Real time or near-real time access to coordinates
• Many different realizations of the datum/SPC



What is VT SPC System (defined)

• Transverse Mercator Projection
• Central Meridian (CM) at 72˚-30’
• False Easting at CM 500,000 meters
• Scale at CM 1:28,000 (0.99996429)
• Latitude of origin 42˚-30’
• False Northing at Latitude of origin 0 meters



Mercator Projections



Transverse Mercator Projection (secant)
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State Plane
NAD27       vs.      NAD83

• Lat of origin 42°-30’
• Lon of CM 72°-30’
• Scale at CM .99996429 

(1:28,000)
• False Easting 500,000 US 

Survey Feet
• False Northing 0.0 US 

Survey Feet
• Altitude reference sea 

level

• Lat of origin 42°-30’
• Lon of CM 72°-30’
• Scale at CM .99996429 

(1:28,000)
• False Easting 500,000 

meters

• False Northing 0.0 
meters

• Altitude reference GRS80 
Ellipsoid



A Note About Conversions

• Be Careful when converting between feet and 
meters as there are two different systems of feet, 
the US Survey foot 1200/3937 (.3048006096 m/ft 
and the International Foot (.3048 m/ft exact)

• "The U.S. Metric Law of 1866 gave the relationship 
one meter = 39.37 inches. From 1893 until 1959, 
the yard was defined as being exactly equal to 
3600/3937 meters, and thus the foot was defined 
as being exactly equal to 1200/3937 meters. 

• 500,000 meters = 1640419.948 IF
• 500,000 meters = 1640416.667 SF

– 3.28 feet difference
• Most States use the US Survey foot….but some use 

the International Foot (Vermont WILL use SF)



The Vermont Statutes Online

Title 1: General Provisions
Chapter 17: Vermont Coordinate System

672. Coordinates defined

§ 672. Coordinates defined

The plane coordinate values for a point on the earth's surface, used to express 

the horizontal position or location of such point on the Vermont Coordinate 

Systems, shall consist of two distances, expressed in U.S. Survey feet and 

decimals of a foot when using the Vermont Coordinate System 1927 and 

expressed in meters and decimals of a meter when using the Vermont 

Coordinate System 1983. One of these distances, to be known as the "x-

coordinate," shall give the position in an east-and-west direction; the other, to 

be known as the "y-coordinate," shall give the position in a north-and-south 

direction. These coordinates shall be made to depend upon and conform to 

plane rectangular coordinate values for the monumented points of the North 

American Horizontal Geodetic Control Network established by the United 

States Coast and Geodetic Survey, its predecessor, or its successors. 

(Amended 1987, No. 169 (Adj. Sess.), § 2, eff. May 3, 1988.)



NAD 83 (Which One??)

• NAD 83 (Lat-Lon) SPC
– Which one???

• NAD 83 (1986)
• NAD 83 (1992)
• NAD 83 (1996)
• NAD 83 CORS96(2002)
• NAD 83 (NSRS2007)



Changes Over Time

• NAD83(86) based on old observations and new 
system vs. NAD27

• NAD83(92) based on new and old observations and 
same system

• NAD83(96) based on better observations and same 
system

• NAD83(CORS96) realization for CORS
• NAD83(NSRS2007) based on new observations and 

same system.  Removed regional distortions and 
made consistent with CORS



Horizontal vs. Grid Distance
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Ellipsoid Reduction Factors for Vermont 
Average Geoid Height of -28.5m (-93.504ft)

0.999765360.999813170.999860990.999908810.999956641000

0.999770140.999817960.999865770.999913600.99996142900

0.999774920.999822740.999870560.999918380.99996621800

0.999779710.999827520.999875340.999923160.99997099700

0.999784490.999832300.999880120.999927940.99997577600

0.999789270.999837080.999884900.999932730.99998056500

0.999794050.999841860.999889690.999937510.99998534400

0.999798830.999846650.999894470.999942290.99999012300

0.999803610.999851430.999899250.999947080.99999491200

0.999808390.999856210.999904030.999951860.99999969100

0.999813170.999860990.999908810.999956641.000004470

4000-50003000-40002000-30001000-20000-1000

Orthometric Height in Feet



Grid Scale Factor at a point (k)
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Grid Scale Factor for a line

• Often approximated by computing average of K
1

and K
2

• Often acceptable to use one average Grid Scale 
Factor for a survey.  Depends on size and east-
west extents

• Often acceptable to use one average elevation 
factor in a survey.  Depends on amount of relief.
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Grid Scale Factors for VT (X’ in US Survey FT)



Effect of SF and EF

• 1000’ horizontal distance measured at the Central 
Meridian = 1000’*0.99996429 = 999.96’ (SF)

• 0.16 ppm per meter of geoid height
• Neglecting the geoid (-28.5 m) = -4.56 ppm

– reduces distances by 4.56 mm (0.015’) per km
• If D=1000’ S=999.93 at ortho height of 1500’ (EF)
• If D=1000’ S=999.88 at ortho height of 2500’ (EF)
• If D=1000’ at the CM at ortho height of 1500’ then:

– CF=Combined Factor = EF x GF

Distance on Grid= 

1000*0.99996429*0.99993273=999.90



Two points with NAD 83 SPC.  What is the 
horizontal distance between the two?
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Which way is North

• True North 
• Magnetic North
• Geodetic North
• Astronomic North
• Grid North



True North

• True North – Really no such thing, but would be 
consistent with Geodetic North and would run along 
a meridian that passes through the geographic 
north pole



Magnetic North

• Magnetic North - The direction indicated by a magnetic 
compass.  Magnetic North moves slowly with a variable 
rate, and points to the magnetic pole (+/- due to local 
attraction) not the geographic pole

• Users should be aware that solar storms can cause 
intense, short-term disturbances in the magnetic field. If 
there is a major solar storm during a survey, values 
could be off by as much as 10 degrees! A link to NOAA's 
Space Environment Center is provided for checking the 
current space weather forecast. 



Magnetic Declination

MN



15° 0' W201014° 27' W1915

15° 23' W200513° 59' W1910

15° 42' W200013° 30' W1905

15° 50' W199513° 4' W1900

15° 43' W199012° 31' W1890

15° 37' W198512° 7' W1880

15° 41' W198011° 27' W1870

15° 32' W197510° 51' W1860

15° 29' W197010° 7' W1850

15° 31' W19659° 24' W1840

15° 34' W19608° 42' W1830

15° 33' W19558° 8' W1820

15° 36' W19507° 41' W1810

15° 44' W19457° 26' W1800

15° 43' W19407° 19' W1790

15° 40' W19357° 24' W1780

15° 28' W19307° 41' W1770

15° 10' W19258° 5' W1760

14° 46' W19208° 38' W1750

DeclinationYearDeclinationYear



Astronomic North

• Astronomic North – That which would be determined 
directly though astronomic observations.

• Expressed in a local horizon coordinate system aligned 
along the local gravity vector (line of the plumb bob).  
A geodetic azimuth, on the other hand is expressed 
about a local normal to the ellipsoid.

)(tanφηLaplace Correction =

Where η =deflection of the vertical

Φ = Geodetic Latitude



Geodetic North and Grid North

• Geodetic North – Astronomic north 
corrected for the deflection of the vertical 
(Laplace correction)

• Grid North - The direction of a grid line 
which is parallel to the central meridian of 
a grid projection



Relation between Geodetic and Grid North

= geodetic azimuth reckoned from north

=projected geodetic azimuth

=grid azimuth reckoned from north

=convergence angle

=t-T=second term correction=arc-to-chord correction

α
T

t
γ
δ

δγα +−=t



Convergence Angle

( ) φλλγ sin""" −=
cm

(+)(-)



Angle/Azimuth Relationships

• Convergence Angle is NOT the difference between a 
geodetic az and a grid az.  It IS the difference 
between a geodetic az and the projected geodetic 
az on the grid.  The projected geodetic az is NOT 
the grid az.

• The angle obtained from two projected geodetic 
azimuths is a true representation of an observed 
angle.

• For many applications, δ may be insignificant, but 
should always be considered.

δγα +−=t



Arc to Chord Correction (t-T)
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Where:

N1, E1, N2, E2 are the Northing and Easting of 
Points 1 and 2 respectively (in meters)

E0 is the false Easting of the CM (in meters)

E∆



Sign of t-T Correction (for TM Projections)

Dependant on azimuth and location 
relative to central meridian



Approximate size of δ in seconds of arc

Perpendicular distance from central meridian 
to midpoint of the line (km)

∆N
(km)

5.12.520

2.51.310

1.30.65

0.50.32

10050



Steps for computing a traverse

1. Obtain starting and closing azimuth
2. Analyze the grid scale factor for the project.  A 

mean of the published point grid scale factors of 
the control points may  be adequate for all lines in 
the project, or a grid scale factor for each line may 
be required.

3. Analyze the elevation factor for the project.  A 
mean of the published elevations of the control 
points corrected for the geoid height may be 
adequate to compute the elevation factor.  
Otherwise each line may need to be reduced 
individually.



Traverse…cont

4. If a project grid scale factor and project elevation 
factor are applicable, compute a project combined 
factor.

5. Reduce the horizontal distances to grid
6. Using preliminary azimuths derived from 

unreduced angles and grid distances, compute 
approximate coordinates.

7. Analyze magnitude of (t-T) corrections, and if their 
application is required, compute (t-T) for each line 
using approximate coordinates for each point.

8. Apply (t-T) corrections to the measured angles to 
obtain grid angles. (Make sure to apply to FS and 
BS



Traverse…cont

9. Adjust Traverse
10.Compute the final adjusted State Plane 

Coordinates for the new points, adjusted azimuths 
and distances between the points, and if required, 
ground level distances.



Software

• CORPSCON
– Error in computation of EF/CF.  If computing in NAD 

83 and using NAVD 88 or NGVD 29 heights, the 
program does not compute and use the ellipsoid 
height.  If inputting GRS 80 ellipsoid heights then the 
computation is correct.  Additionally, if user wants 
output in NAD 27 and selects GRS 80 as input heights, 
it computes the EF using the equations for NAD 83

• NGS Toolkit – Datum transformations and translations to 
and from geodetic coordinates and State Plane 
coordinates, Geoid Heights, Deflections of the Vertical

• Write your own – The equations can be easily developed 
in Excel or another spreadsheet software.



Ground Level Coordinates

“I WANT STATE PLANE COORDINATES RAISED 
TO GROUND LEVEL”

GROUND LEVEL COORDINATES ARE NOT
STATE PLANE COORDINATES!!!!!!



Ground Level Coordinate Problems

• Rapid Distortions

• Projects Difficult to Tie Together

• Confusion of Coordinate Systems

• Lack of Documentation



Ground Level Coordinates “If You Do”

• Truncate Coordinate Values

N =    428,769.07 ft     becomes 28,769.07

E = 1,650,223.15 ft     becomes 50,223.15

And



Reference Material online at
www.ngs.noaa.gov/PUBS_LIB

• Article on the State Plane Coordinate (January 
1937) -

• NOAA Manual NOS NGS 5 - State Plane Coordinate 
System of 1983 (January 1989)

• Understanding the State Plane Coordinate Systems 
(January 1977)

• The State Plane Coordinate Systems (A Manual for 
Surveyors) SP 235 (Revised 1977)



The Vermont Statutes Online 

Title 1: General Provisions
Chapter 17: Vermont Coordinate System

674. Record

§ 674. Record
Coordinates based on either Vermont Coordinate System, purporting to define 
the position of a point on a land boundary, presented to be recorded in any 

public land records or deed records shall be accompanied by a specific 
statement as to their basis and a description of the survey method used to 
determine them on the record plat or description of the survey. (Amended 

1987, No. 169 (Adj. Sess.), § 4, eff. May 3, 1988; 1993, No. 6, § 2.)



What other information should/could be 
included?

•Description of survey method used to                            
determine coordinates

•Project CF

•Are the distances horizontal or grid?
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•What are the coordinate units?
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GOOD COORDINATION BEGINS WITH 

GOOD COORDINATES

GEOGRAPHY WITHOUT GEODESY IS A FELONY


