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Working with Grid Coordinates 

 

“This project was designed in State Plane…” 

If you’ve been doing much surveying lately and you hear those words, your immediate 

response is very likely, “Oh, no…  What are we going to run into this time?” 

The grid coordinate systems were designed in an attempt to make our lives easier.  

Surveying with grid coordinates is much like standard Plane Surveying, but without the 

complicated math of Geodetic Surveying.  And of course, GIS professionals like State 

Plane coordinate systems, because they provide a way to tie together adjacent projects 

over a relatively large area. 

Unfortunately, many people have a hazy grasp of exactly what is going on when we use 

grid coordinates, and that can lead to some rather exasperating errors and problems.  

These errors can crop up in the design of the project, when an Engineer forgets that 

distances on the grid are not the same thing as distances on the ground surface.  Or they 

can crop up during construction staking, when the Surveyor uses scale factors incorrectly.  

Or the software we rely upon may be designed incorrectly, and it may fail to use State 

Plane Coordinates in the correct manner. 

Luckily, most problems can be dealt with, as long as the people involved have a good 

understanding of exactly what is happening.  This paper attempts to sort through and 

identify the major issues and points where “things go wrong” with State Plane 

coordinates.  At the very least, it may help people “pick up the pieces” when a project 

designed in State Plane hits trouble. 

But before we can get to the issues that arise from using grid coordinates, we first need to 

have a firm understanding of exactly what is a grid coordinate system.  And before we 

can understand exactly what a grid coordinate system is, it is helpful to understand why 

we needed a grid coordinate system in the first place. 

Plane Surveying 

The fact that the Earth is a giant spherical object has been well-known among Surveyors 

since at least the time of the Ancient Greeks, and the shape of the Earth has been defined 

with ever-greater precision over the course of the centuries.  Technically speaking, it isn’t 

exactly a sphere; it’s elongated in the middle, along the equator, and depressed at the 

poles, somewhat like a peach or an apple, more-appropriately called a “spheroid” or an 

“ellipsoid”.  However, it is such a big object that, for small areas of land, we can ignore 

this fact, and “pretend” the surface of the Earth is a flat plane.  This is called Plane 

Surveying. 

With Plane Surveying, we use standard Cartesian (x,y) coordinate pairs to identify the 

horizontal location of points.  For the vertical location of points, we typically use the 

distance above a reference plane we call “mean sea level”, which is roughly the average 
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elevation of the world’s oceans.  This reference plane is assumed to extend perpendicular 

to the direction of gravity at our job site. 

This “approximation” works very well for small job sites.  Normal Euclidian geometry 

rules apply, so we know that a triangle with sides measuring 3 feet, 4 feet, and 5 feet will 

also contain a right angle.  And as Surveyors, we can use basic trigonometry to do almost 

any calculation we need. 

However, once we start looking at large job sites, or jobs like roadways where one end of 

the project is quite far from the other end, we begin to run into problems with Plane 

Surveying.  Because of the curvature of the Earth, we begin to run into errors in our 

calculations, and we can no longer use the simplified calculations of Plane Geometry. 

Grid Coordinate Systems 

Historically, when it becomes necessary to survey large distances, the principles of Plane 

Surveying are abandoned, and we enter the realm of Geodetic Surveying.  Geodetic 

Surveying is the art of locating and describing objects on or near the surface of spherical 

objects such as the Earth.  In Geodetic Surveying, the distance between two points is 

measured along an arc, and a rectangle will typically have interior angles that total more 

than 360 degrees.  Surveying is no longer as intuitive, and the computations gain an order 

of complexity.  

Unfortunately, in our modern world, it is getting more and more common to have projects 

that exceed the limits of simple Plane Surveying.  However, it is also undesirable to force 

all local surveyors to learn and implement the practices of Geodetic Surveying.  So in the 

1930’s, the United States Coast and Geodetic Survey began developing an 

“approximation” that came to be known as the State Plane Coordinate Systems 

(SPCS).  The SPCS is an example of what is often loosely called a “grid coordinate 

system”.  Grid coordinate systems are now in use throughout the world, although they 

may use different datum ellipsoids, and the type and orientation of the projection surface 

may vary.  However, all of these grid-based coordinate systems follow the same basic 

principles. 

A grid coordinate system starts with a basic ellipsoid representation of the Earth.  The 

term “spheroid” was used originally, but in recent years, preference has been given to the 

term “ellipsoid of revolution” instead, often shortened to simply “ellipsoid”.  These 

ellipsoids are regular mathematical figures that are usually defined so that they follow 

relatively closely to the mean sea level of the Earth.  This ellipsoid is then projected onto 

a curved surface using a conformal projection, usually either a transverse Mercator or a 

Lambert conformal projection.  By using a conformal projection, shapes and angles are 

preserved, at the expense of throwing most of the error into distances.  The error in 

distances can then be corrected using simple arithmetic. 

The State Plane Coordinate System is broken up into a number of smaller areas, or zones, 

and most states contain more than one.  The area encompassed by each zone is kept small 

enough so that the distortion created by the projection is small enough that it was 
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considered to be within the limits of surveying accuracy, at least in the 1930’s.  There are 

a bit more than 120 different zones used to cover the entire United States, which results 

in a maximum positional error of approximately 1 in 10,000.  For the UTM system, 

another grid-based system with much larger zones, the maximum error is 1 in 2,500. 

The boundaries of each zone in the SPCS are generally defined so that they follow 

municipal lines such as state and county boundaries.  This tends to work well for most 

projects, and in most places.  However, if a given project needs to cross the boundary of 

SPCS zones, there can be additional issues.  For this reason, the SPCS is not ideal for 

work that encompasses truly large swaths of terrain, but it works well for the majority of 

projects. 

When surveying small areas or over short distances – less than five miles or so – these 

State Plane coordinates can be used with normal Plane Surveying procedures, greatly 

simplifying calculations.  And even when surveying over larger distances, simple 

arithmetic adjustments can be applied to measurements to account for the error.  The 

procedures used to accomplish these adjustments are outside the scope of this paper, but 

the net result is that State Plane coordinates remove much of the difficulty involved in 

surveying moderately-large sites.  It achieves the original goal of providing a way to 

survey large projects without getting bogged down in the details of Geodetic surveying. 

Using State Plane coordinates also yields another benefit by providing a “universal” 

coordinate system for large areas.  This is particularly useful for GIS applications such as 

urban planning, because many disparate projects can be easily linked together, even if the 

projects are being done by completely different companies that have no communication 

with each other.  There is still a problem for projects that cross over the boundary 

between zones, or for large metropolitan areas that straddle multiple zones, but it 

simplifies many things.  This benefit accounts for the popularity of State Plane coordinate 

systems among the various governmental bodies, particularly city planners. 
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The Datum Ellipsoid 

All grid coordinate systems are defined using a particular ellipsoid, and it is very 

important to know the basis datum for any coordinates. 

When the SPCS was originally created, it used the North American Datum of 1927 

(NAD 27), which is based on a spheroid called the Clarke 1866 Spheroid.  The Clarke 

1866 Spheroid is simply a mathematical construct, specifying a geometrical figure that is 

approximately the same shape as the Earth.  To be more precise, it is defined as a 

spheroid with a specific radius and flattening coefficient.  The Clarke 1866 Spheroid is 

nothing more than this specific spheroid definition.  We therefore call it simply a 

reference ellipsoid, not a datum.  In order to become a datum, this reference ellipsoid 

must be fixed in space, and given a definite location and orientation.  The Clarke 1866 

Spheroid was tied to a base station in Kansas, along with an azimuth to another nearby 

base station, creating the NAD 27.  This datum was then used as the basis for creating the 

original SPCS.  Because of the way it was defined, the NAD 27 is not what is called a 

geocentric (“Earth-centered”) datum – in fact, the center of the ellipsoid was quite some 

distance from what is now considered to be the “center of the Earth”.  But it served its 

purpose for a number of years, until the rapidly-improving technology began to 

illuminate its weaknesses. 

In the 1980’s, the National Geodetic Survey switched to the North American Datum of 

1983 (NAD 83), which is a datum based on another reference ellipsoid called the 

Geodetic Reference System 1980 (GRS 80), a slightly-different ellipsoid than the 

Clarke 1866 Spheroid.  The GRS 80 has a slightly-different radius and flattening 

coefficient than the Clarke 1866 Spheroid.  This ellipsoid was then placed so that its 

center is very near the actual center of the Earth, creating the NAD 83.  Most of the SPCS 

grids were then updated to use the NAD 83.  It is critical that when dealing with grid 

coordinates such as State Plane coordinates, you know which datum is the basis for your 

grid.  Similarly, when working with latitude and longitude, it is also critical that you 

know which datum is being used.  NAD 27 latitude and longitude for a point are not the 

same as NAD 83 latitude and longitude for the same point, and NAD 27 State Plane 

coordinates are not the same thing as NAD 83 State Plane coordinates. 

The US Department of Defense has also created another datum, called the World 

Geodetic System of 1984 (WGS 84), which is typically the datum used by GPS 

equipment (although modern GPS equipment can typically convert this data to other 

coordinate systems, as desired).  The WGS 84 datum uses a reference ellipsoid that is 

almost (but not quite) identical to the GRS 80 ellipsoid.  In addition, its location is fixed 

using orbiting satellites, and the methods of determining this location have periodically 

been refined.  As a result, although the WGS 84 and NAD 83 datums were originally 

intended to be identical, there is some variance between them.  In addition, the NAD 83 

datum was adjusted using a variety of additional measurements, including conventional 

traverses, while the WGS 84 was not.  The net result is that there can be some variance 

when inversing between coordinates in NAD 83 versus coordinates in WGS 84.  Most of 

the time, this difference is minimal.  But complications may arise if you need to combine 

NAD 83 and WGS 84 reference points in the same project.  When such issues arise, it 
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becomes necessary to apply the art of Surveying, and use common sense, experience, and 

knowledge of the Law to arrive at a sensible solution. 

The Grid Scale Factor 

The terrain of the Earth is very irregular.  This complicates any effort to attempt to place 

a regular grid upon the surface of the Earth.  Grid coordinate systems are designed with 

every effort to minimize the conformal distortion of the projection, at the cost of 

maximizing the linear distortion.  This means that angles and shapes are almost identical 

between the real world and the projection, at the cost of throwing large error into 

distances.  The amount of error depends on how far our projection surface lies from the 

ellipsoid surface.  The grid scale factor is used to correct for this distortion.  

The choice of projection method depends upon the shape of the area, or zone, to be 

covered by the system.  For a State Plane coordinate system, zones that extend primarily 

in a north-south direction typically use a transverse Mercator projection, and the zones 

that extend primarily in an east-west direction typically use a Lambert conformal 

projection.  The State Plane coordinate system is a grid on this curved projection surface.  

Specifying points on this curved surface using State Plane coordinates lets us work with 

standard Plane Surveying techniques in most respects, yet yields results that are almost 

identical to using Geodetic coordinates and Geodetic Surveying techniques. 
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The preceding diagram illustrates how a State Plane Coordinate System would be created 

from a projection.  Notice that the projection surface intersects the surface of the 

ellipsoid.  Wherever the projection surface lies inside the surface of the ellipsoid, the grid 

scale factor for that point is less than 1; whenever the projection surface lies outside the 

surface of the ellipsoid, the grid scale factor for that point is more than 1.  The grid scale 

factor is exactly 1 at all points where the projection surface intersects the ellipsoid 

surface. 

The important aspect of this is that the grid scale factor varies depending upon our 

location in the State Plane.  For a Lambert conformal projection, the grid factor varies 

depending upon the Latitude of the point.  For a transverse Mercator projection, the grid 

factor varies with the distance east or west of the central meridian, as measured on the 

State Plane ellipsoid. 

The Elevation Scale Factor 

The Grid Scale Factor helps to compensate for distortion caused by the projection of the 

ellipsoid onto the State Plane.  However, the elevation of the terrain also has an impact, 

as illustrated in the diagram below.  

The ellipsoid used to create our grid is usually placed near mean sea level, e.g. at an 

orthometric elevation of 0.  For most of the US, the actual ground surface is higher than 

this ellipsoid.  In the above diagram, the ground surface is higher than the ellipsoid 

surface, so the distance between points A and B is greater than the distance between 

points A’ and B’.  If our ground surface happened to be lower than the ellipsoid surface, 

then the distance between A and B would be less than the distance between A’ and B’. 

In the above diagram, the value for R is the average radius of the ellipsoid over the area 

encompassed by the SPCS zone.  (Typically for the value of R, we simply use the 

average value for the radius of the Earth – the NGS recommends using 20,906,000 feet or 

6,372,000 meters – which yields an approximation that is good enough for most 

purposes.)  The value of h is the height of our point above this ellipsoid surface.  The 

elevation scale factor re for any given point is determined by the following equation: 
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hR

R

+
=er  (E-1) 

As with the grid scale factor, this definition implies that the elevation scale factor is 

usually less than one.  When the elevation of our point is the same as the average 

ellipsoid elevation for our grid system, the elevation scale factor is exactly 1.  When the 

elevation of our point is below the ellipsoid elevation, the elevation scale factor is greater 

than 1. 

This method of calculating an elevation scale factor is good enough for many purposes.  

But with modern Surveying techniques, we can actually apply a better elevation scale 

factor.  We still typically use the same values for R as before, 20,906,000 feet or 

6,372,000 meters.  However, we can determine a better value for h. 

The Earth is an irregular blob of material.  Because of this, gravity varies slightly across 

the surface of the Earth.  And since we historically use orthometric levels to determine 

elevations, and orthometric levels depend on the direction of gravity, this fluctuation in 

the gravitational field can cause an undulation in the surface we consider to have 

Elevation = 0.  If we imagine the Earth completely flattened to Elevation = 0 everywhere, 

we get the surface of something we call the geoid.  Because of fluctuations in gravity, the 

surface of the geoid is not a regular surface, like the surface of our ellipsoids.  In some 

places, the geoid is above the ellipsoid, and in some places it is below the ellipsoid, and 

the separation can be as large as 300 feet (100 meters) or more. 

In the diagram above, R is still the average radius of the ellipsoid over the area in 

question, and is still usually approximated to 20,906,000 feet or 6,372,000 meters.  

However, H is now the orthometric elevation, and N is the distance between the geoid 

and the ellipsoid, called the geoidal separation.  Note that N may have a negative value.  

In fact, for the entire continental US, the geoid lies below the NAD 83 and WGS 84 

ellipsoids, and N is negative.  We now have the following equation for our elevation 

scale factor re:  

HNR

R

++
=er  (E-2) 
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Sometimes an average value will be determined for N for an entire grid zone.  Or we can 

determine a more-accurate value that pertains to our site or project, and use that value for 

the entire site.  This is relatively easy to do if we are using the SPCS, because the SPCS 

grids typically use the NAD 83 datum, which is almost identical to the WGS 84 datum.  

Typically, coordinates published for either of these datums will also include the geoidal 

separation at that point, so the value for N can generally be determined by looking at the 

data sheets for some of the published control points (such as NGS monuments) in the 

area. 

In some cases, the best choice is to use a “weighted average” for the elevation scale 

factor.  This weighted average is then used as the elevation scale factor for all points in 

the project.  To determine a weighted average, examine the project site, and attempt to 

discern how much of the site is at each elevation.  These numbers do not need to be exact, 

but they should be generally on target.  Then to come up with a weighted average 

elevation for the site, combine the various areas as follows: 

K

L

++
++

=
ba

bbaa

average
areaarea

areaelevareaelev
elev  (E-3) 

For example, say we had a site with 20% at about an elevation of 5000 feet, 50% at about 

an elevation of 5200 feet, and 30% at an elevation of about 5500 feet.  We could come up 

with an average site elevation as follows: 

feet 5250
305020

)30)(5500()50)(5200()20)(5000(
=

++
++

=averageelev  

Calculating Ellipsoidal Distances from Grid Coordinates 

When we inverse between two grid coordinates, we come up with a distance called the 

grid distance between the two points.  If we want to convert this value to a distance on 

our ellipsoid, called the ellipsoidal or geodetic distance, we must correct for the 

distortion in our grid projection.  Since the grid scale factor varies across the grid, the 

ellipsoidal distance between any two points varies depending on where in the grid the two 

points lie.  Over very small areas, we can ignore the changing grid scale factors.  

However, as the distance between the two points gets larger, we may need to correct for 

the changing grid scale factor. 

The approximate ellipsoidal distance between two points can be calculated by taking the 

grid distance between the two points, then dividing that value by the effective distance 

scale factor.  The effective distance scale factor, reff, can be determined from the 

following equation: 

6

4 baba

eff

rrr
r

++
=  (E-4) 
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In equation E-4, ra is the grid scale factor for one of the points, rb is the grid scale factor 

for the other point, and rab is grid scale factor for the point midway between the two 

points.  Then we can convert our grid distance dgrid to an ellipsoidal distance dellip using 

the following formula: 

eff

grid

ellip
r

d
d =  (E-5) 

Note that this gives us the ellipsoidal distance, i.e., the distance on the ellipsoid, which is 

roughly the distance at sea level in most cases.  If we then need to convert this value to 

the approximate surface distance, i.e. the value we would physically measure by traveling 

between the two points on the surface of the Earth, we may need to apply an additional 

elevation correction.  If the entire route is roughly the same elevation, we can simply use 

a single number for the average elevation of the route, and apply an elevation factor as 

described in equation E-3.  This will not give an exact number, but often works to create 

an approximation. 

Using Grid Coordinates 

There are two distinct and separate ways of using grid coordinates for a project.  Many of 

the issues that arise with grid coordinates are caused when someone fails to understand 

this fact, or treats a project designed in one way as if it were designed in the other. 

The first method is what most people think of as “normal surveying.”  This method 

involves determining a good average value for the grid and elevation scale factors for the 

entire project.  The average grid scale factor for the project is multiplied by the average 

elevation scale factor for the project, yielding a combined scale factor.  The entire 

project is then tied to the grid system by taking the grid coordinates of a published control 

point and dividing those coordinates by the combined scale factor.  These new 

coordinates then become the basis for the coordinate system used for our project.  The 

project itself is designed in this new coordinate system, which I shall refer to as localized 

coordinates.  For the rest of this paper, I shall refer to this type of project as a project 

that uses localized grid coordinates, or as a localized project. 

The second method is to use the grid coordinate system in the way it was originally 

designed.  In this method of usage, all coordinates are on the grid surface, and all 

mathematical operations are performed on the grid.  If we are using conventional 

equipment such as a total station or a theodolite and chain, we would typically calculate 

the grid and elevation scale factors for our instrument occupation point.  Then, as long as 

our foresight is not too far away horizontally or vertically from our instrument point, we 

can use those scale factors to modify the observed distance.  For example, when 

collecting data, we would measure the distance between our instrument and foresight, 

then multiply this horizontal distance by the grid and elevation scale factors for our 

instrument occupation point, and use that adjusted horizontal distance in our calculations.  

Conversely, when staking out points, we would perform all our mathematical calculations 

using grid coordinates, then divide the calculated horizontal distance by the grid and 
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elevation scale factors when staking out the point.  With this type of project, all aspects of 

the project are performed using the grid coordinates, including the initial survey of 

existing conditions, the engineering and design, and the subsequent construction stakeout.  

For the rest of this paper, I shall refer to this type of project as a project that uses grid 

coordinates, or as a grid-based project. 

Let’s take a detailed look at each of these types of projects.  Because they are more-

common and more-familiar than grid-based projects, let’s start out by looking at the 

localized projects. 

Localized Projects 

A localized project uses what is essentially an assumed coordinate system.  This assumed 

coordinate system is tied to the grid coordinate system by a base point and a combined 

scale factor, creating our localized coordinate system.  All survey tasks are performed 

“normally” in the localized coordinate system, with no scale factors anywhere.  All 

engineering is also performed in the localized coordinate system, and all distances on the 

plans are surface distances.  If it says 500 feet in the plans, it’s 500 feet on the ground. 

With this system, we can take any localized coordinate in our project, and multiply by the 

combined scale factor to come up with something that is relatively close to the grid 

coordinate for the point.  There is some error, and the error gets larger the farther we get 

from our project base point.  However, as long as the project does not cover a very large 

area, and the project is roughly constrained to the same elevation, this error tends to be 

very small. 

And I’ll repeat this point, because it is so important: when we create a project in a 

localized coordinate system, we do all work in the localized coordinate system.  For 

this type of project, the grid system really only comes into play when we go to combine 

different projects in the same general region, i.e. when the GIS professionals go to use it.  

We’ll return to this point later.  But first, let’s look at how we should work in a localized 

project. 

Tying the Grid to the Localized Coordinate System 

To create a localized project, we must first define a base point and a combined scale 

factor for the project.  The goal here is to determine values such that when we multiply 

our localized coordinates by the combined scale factor, we get points that are roughly in 

the correct place on our grid coordinate system. 

If there is already a published control point near the center of our job site, then we are in 

good shape.  We can probably use that control point as the base point for our project.  

Otherwise, we can pick any point near the center of our project to use as the base point, 

and use some other method for determining the grid coordinates for our base point.  If we 

are using GPS equipment, we probably can simply get the grid coordinates directly from 

the equipment.  Otherwise, we may need to traverse to the point from known control 

points, and assign grid coordinates to our control point in that fashion. 
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Once we have a base point, we then need to determine the grid scale factor.  If we are 

using a published control point, we can probably just use the published grid scale factor 

for that point, assuming it is near the center of our site.  Or, if we have determined the 

grid coordinates for one of our control points near the center of the site, and we have a 

software program that will let us key in the coordinates and will calculate the grid scale 

factor for us, we can use that.  Otherwise, we may be able to determine the grid scale 

factor by averaging several control points around our site.  And of course, we can always 

do it the “hard” way, using the tables that are designed for this purpose and are published 

along with our grid system. 

Once we have determined the grid scale factor at our base point, we should also come up 

an average elevation scale factor for our project, using the technique described in 

Equation E-3.  We then multiply the grid scale factor by the elevation scale factor to 

determine the combined scale factor for this project. 

The combined scale factor may then be used to scale the entire project down to grid, so it 

can be placed on a map with other projects in the same area.  When we do this, the edges 

of the projects will not tie together precisely on the grid coordinate system, because of the 

way each project may be scaled by a slightly-different combined scale factor, and using a 

different base point.  But if we stake out a point from the control for Project 1 and using 

the localized coordinates for Project 1, and stake out the same point from Project 2 and 

using localized coordinates for Project 2, the two points should hit the same place on the 

ground (within the limits of typical field error). 

Using Project Coordinates 

Frequently in a localized project, we do not actually use the localized coordinates.  Since 

our combined scale factor is usually very close to 1, the localized coordinates and the grid 

coordinates are usually very similar.  Often, the localized coordinates may be less than a 

hundred feet different from the grid coordinates, and it can become very easy to confuse 

the two. 

For this reason, it is common to apply a horizontal offset to the localized coordinates, so 

that our localized coordinates are distinctly different from our grid coordinates.  The 

result is a set of coordinates we call project coordinates. 

The easiest way to create project coordinates is often to simply remove some of the 

leading digits from the grid coordinates.  For this reason, project coordinates are 

sometimes called “truncated coordinates”.  However, it can be a bad idea to think of 

project coordinates as being “truncated” coordinates.  In reality, we want to use a 

horizontal transformation (i.e., add a specific value to our Northing and Easting 

coordinates) to translate the coordinates between localized and project coordinates.  This 

can help for those situations where we create a Project Coordinate system, but then 

unexpectedly need to use coordinates some distance from our job site, such as to tie down 

a section corner.  For example, say we have a project with Northings that are near 

3,517,000.  We may decide to “truncate” the first three digits, so we get Northings that 

are in the 7000 range.  However, if we now tie down a coordinate with a Northing of 



- 14 - 

3,521,500, i.e. a point several thousand feet north of our project site, we will run into a 

problem if we simply truncate the first three digits – the result would a Northing of 

1,500!  So instead of “truncating digits”, we would want to “translate” the coordinates, so 

that a point with a Northing of 3,521,500 in our Localized coordinate system would have 

the desired Northing of 11,500 in our Project Coordinate system. 

It is also possible to use a completely independent assumed coordinate system for our 

Project Coordinates.  In this case, we can come up with a horizontal translation AND a 

rotation to convert between our project coordinates and our localized coordinates.  

Conversion to grid would then use the localized coordinates.  In other words, it becomes 

a two-step process to get from project coordinates to grid coordinates – first, convert the 

project coordinates to localized coordinates using the horizontal translation and rotation, 

then convert the localized coordinates to grid coordinates by multiplying by the combined 

scale factor. 

Surveying a Localized Project 

Surveying in a localized project is very straight-forward.  There are no scale factors, and 

the localized coordinates (or, more often, the project coordinates) are simply used 

“normally”.  All procedures of basic Plane Surveying hold, and everything is very simple.  

All distances in the plans are surface distances, distances in all legal documents tend to be 

surface distances, and all field measurements are surface distances, so there is no 

confusion there.  All in all, it is often the best way to survey a project on a small site, 

because there is comparatively little room for error or confusion. 

Engineering a Localized Project 

Engineering in a localized project is also very straight-forward.  Again, there are no scale 

factors, and inversing between features in the existing ground survey yields the precise 

ground distance between the points.  All distances in the engineering plans are ground 

distances, and any coordinates should be localized or project coordinates.  Again, it’s 

basically “business as usual”, with no complications, so this is the best way to engineer a 

project on a small site. 

GIS and Localized Projects 

In order for a GIS professional to use a localized project, the entire project must be scaled 

to grid using the combined scale factor.  If the project is using project coordinates, the 

project must be translated/rotated to the localized coordinates first, then scaled down to 

grid.  Since GIS professionals are typically only interested in “the big picture”, the fact 

that this scaling introduces slight errors is generally irrelevant, as is the fact that the 

lengths of lines no longer match the distances on the construction plans. 

In order for the GIS professional to be able to accomplish this task, the plans must 

include the combined scale factor, as well as any transformation information necessary 

for getting from project coordinates to localized coordinates. 
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Grid-Based Projects 

Grid-based projects are a bit strange at first, because of the fact that this type of project 

has a floating scale factor.  In other words, every point in the project gets its elevation 

and grid scale factors determined separately from every other point in the project.  It can 

take a little while to get a grasp of this concept. 

But it goes back to the fact that we basically want to use Plane Surveying techniques, but 

our job site is large enough that the curvature of the Earth impacts the project.  Since the 

scale factors change for each point in the project, the curvature of the Earth is basically 

compensated for in the scale factors.  When using the grid system for design, we can 

largely ignore the fact that the surface of the Earth is really curved, and design our project 

normally.  Then, during construction stakeout, the floating scale factor gets applied to 

stakeout points, and compensates automatically for the shape of the Earth. 

This has some important implications, though.  Since we have a floating scale factor, 

things become very irregular if we try to design in surface coordinates – in fact, it is 

pretty much impossible.  So for this type of project, the project must be designed in the 

grid coordinate system.  Then, during stakeout, our calculated distances are divided by 

the floating scale factor of our control point, to correct for the difference between ground 

and grid distances at that point. 

When designing in a grid system, it is vital to remember that every distance will be scaled 

during construction layout.  That means that if it is critical that a certain distance measure 

500 feet exactly on the ground, it may need to measure something else (usually less than 

500 feet) in the plans.  Also, for something like a very long roadway or tunnel, the 

surface distance between 100-foot stations will vary across the project, and will probably 

never be exactly 100 feet.  This is something that often throws construction crews (and 

especially inspectors) into fits if they happen to notice it, and it can even have the same 

effect on Surveyors if they do not understand what is happening and why.  We will talk 

more about these points later.  First, let’s take a closer look at the inner workings of this 

type of project, starting with how the data is collected. 

Surveying a Grid-Based Project 

When working with grid-based projects, we must work with grid coordinates.  The grid 

coordinates are the only thing that is regular.  Since our surface coordinates are 

determined by applying a floating scale factor to each point in our project, the surface 

coordinates are “fuzzy” and cannot be used for survey calculations.  Instead, we basically 

survey “on the ellipsoid”, and convert all our survey observations from surface 

observations to ellipsoid (grid) observations before performing any calculations.  But 

since our grid system uses a conformal projection, we can use our measured angles with 

no adjustment; we only need to adjust measured distances, converting them from surface 

distances to grid distances.  Similarly, during stakeout, all calculations are made “on the 

ellipsoid”, with grid coordinates and distances, and then the distances are scaled up from 

grid to surface during stakeout.  Luckily, most of these calculations occur automatically 
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in our data collector, and the process becomes largely transparent to the surveyor.  It is 

still critical to understand what is happening, though. 

A lot of people get confused by the floating scale factor, and think of it as a way to get 

back and forth between surface and grid coordinates.  That is incorrect, however.  It is a 

one-way thing, where we can convert grid coordinates to surface coordinates by dividing 

by the floating scale factor.  However, we typically do not do the reverse, and use the 

floating scale factor to convert ground to grid coordinates. 

Instead, we use grid coordinates for our control points.  Then, when we use conventional 

equipment to measure an angle and shoot a distance to an unknown point, we reduce the 

measured horizontal distance to a grid distance, and then use the grid distance to 

determine a grid coordinate for the unknown point. 

In most cases, it is perfectly acceptable to just use the occupied point for determining the 

floating scale factor for this calculation.  If the unknown point is a large distance away 

from the occupied point, or is at a dramatically different elevation, then this may or may 

not be precise enough.  If it is not precise enough, then we can use the grid and elevation 

scale factors for our occupied control point to come up with a “guess” at the unknown 

coordinate.  We can now use our “guess” as the coordinates for the unknown point, and 

determine approximate grid and elevation scale factors for the unknown point.  Then, by 

applying Equation E-4 to determine a new effective scale factor for the measurement, we 

can repeat our calculations with the revised scale factor.  The result is the grid coordinate 

for our unknown point. 

If we are using GPS equipment, then things are a bit simpler.  The GPS equipment 

resolves the measurements from the satellites into a latitude and longitude, which it then 

converts directly to our grid coordinates. 

When performing the design survey of existing ground for a grid-based project, the 

surveyor must be sure to configure his equipment properly for performing these 

calculations, so that all control points and all coordinates for collected data use the grid 

coordinates.  Other than that, surveying in a grid-based project is much like surveying a 

localized project. 

There are two main drawbacks to surveying in this manner.  The first is that all legal 

documents, including property descriptions, are typically written using the surface 

distances.  It can therefore be very tricky doing boundary work in grid coordinates.  The 

second problem is that inversing between plan coordinates yields a grid distance, and a 

pulling out a handtape or using an EDM to measure a distance at the job site will yield a 

surface distance.  This complicates the process of checking our work.  It is relatively 

simple if we are using our equipment and known coordinates, because our equipment will 

give us a delta – i.e., it will tell us that we are 0.04’ off of our calculated point, or 

whatever.  But if we are not using our equipment, we need to remember that we will not 

measure exactly the same distance as what is called out in the plans.  Similarly, the 

distances called out in the plans are all grid distances, and the actual distance we measure 

on the ground will not be exactly the same.  Usually, the difference is not significant for 
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construction, but there are exceptions.  We’ll talk about some of those exceptions in the 

last portion of this paper. 

Engineering a Grid-Based Project 

In most respects, the workflow involved in engineering a grid-based project is identical to 

that in a localized project.  The only significant difference is that for a grid-based project, 

all project design is performed in grid coordinates, and all distances on the plans are grid 

distances. 

Again, the only significant difference between a localized project and a grid-based 

project is that distances on the surface will not be the same as the distances in the plans.  

So if it is critical that a certain feature measure 500 feet on the ground when the project is 

built, it will probably need to be designed somewhat smaller in the plans. 

This is not usually a problem if everyone involved understands what is going on with a 

grid-based project.  But it can really confuse people who don’t understand the process. 

GIS and Grid-Based Projects 

In the minds of the GIS professional, a grid-based project is ideal.  The GIS professional 

can simply take the linework for the project as it is, with no adjustments, and it should fit 

together extremely well with the surrounding projects, assuming they were also done in 

the same grid system. 

What Can Go Wrong? 

Now that we’ve learned what a grid coordinate system is and how it is used, let’s take a 

look at some of the issues that can arise from a misapplication of this technology. 

Surface Distances Used in Grid-Based Projects 

This is the most-common error that arises when using grid-based projects.  We’ve 

touched on this already in this paper.  The problems occur when an engineer is designing 

a feature with a critical surface length, and the engineer uses that length in the plans, 

forgetting that all distances in the plans must be grid distances. 

As an example, let’s take a recent prefabricated building we worked on.  This building 

was rather large, approximately 500 feet long.  The building itself was composed of very 

large, prefabricated metal panels.  There is some give in these panels, and some room for 

error, but not a lot. 

This project was designed “in State Plane”.  The engineer even provided coordinates for 

each corner of the building in the plans.  However, we are located in the middle of 

Colorado, at nearly 7000 feet above sea level, and in the middle of our State Plane zone, 

where the grid scale factor is the smallest.  The net result was, if we had staked out the 
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coordinates the engineer gave us, we would have staked a building that was nearly 500.3 

feet long – more than three inches too long. 

Three inches isn’t a lot, but it’s enough that it could have created complications for the 

guys erecting the building.  These days, many modular buildings have pieces that fit 

together with relatively tight tolerances, and distances that are off by three inches can 

cause problems.  At a minimum, if the construction guys measured the distance 

themselves, they would find something that is obviously quite-a-bit longer than the 500 

feet they were expecting.  If we were to let this happen, then the construction crew would 

likely start to question our competency as Surveyors, since (in their minds) it might 

appear that we are not even capable of setting two points 500 feet from each other. 

In this particular case, it was quite simple for us to catch the error, realize that the 

engineer actually wanted a building that measured exactly 500 feet, and stake the 

building appropriately.  But this is the sort of problem that should not arise if the engineer 

is cognizant of what it means to work in a grid-based project. 

Grid Distances Used in the Field 

This is a similar error to the last one, but one that can catch the field surveyors. 

As an example of this one, let’s take an airport runway we worked on recently.  This 

project was designed using the State Plane grid.  The runway itself was approximately 2½ 

miles of concrete, laid out in 20’x20’ panels. 

The interesting thing about this job is that it was an FAA job.  The FAA has created a set 

of tolerances that, frankly, are highly-questionable.  All features must be within 0.04’ of 

their plan location, horizontally, including the joint lines in the concrete.  This is a rather 

ridiculous tolerance for joint lines, especially when there is 21” of concrete laid on top of 

8” of asphalt laid on top of 12” of concrete-treated base course.  But this is the tolerance 

that the FAA has given, and it is the tolerance that we were required to meet. 

Now let’s take a look at these joint lines.  Since their horizontal location had so little 

room for error, the contractor naturally wanted the surveyor to mark the pavement where 

the sawcut lines should go.  And naturally, since we were marking multiple paving lanes, 

each of which was 2½ miles long, and the paving was being performed at break-neck 

speeds to keep up with the strict schedule, we sought to make this task go as quickly as 

possible. 

We had some 300-foot chains, so we decided the best course of action would be to use 

our instruments to mark periodic stations, say one every 600 feet.  Then we could use the 

chain to mark out 20 foot panels, measuring 300 feet each way from our “good” points. 

However, once again, we are at high altitude, and in the middle of a State Plane zone 

where the grid scale factor is the smallest, and we had a combined scale factor for this 

project of approximately 0.9995.  This means that we needed to measure 20.01 feet for 

each panel.  Had we failed to correct for this variation in distance and marked out panels 
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that measured exactly 20 feet, we would have been 0.05’ off by the time we went only 

100 feet.  We would already be outside our specified tolerances for the project, after only 

100 feet!  And with the extremely-strict inspectors that work for the FAA, that would 

have created a huge hassle for us.  At best, it would involve spending lots of additional 

time fighting red tape, and essentially begging for special exceptions for out-of-tolerance 

areas.  At worst, it can mean tearing out and replacing entire sections of completed (and 

expensive) runway. 

So, as we can see, while it may seem like the difference between a grid distance and a 

surface distance may not seem like a whole lot, it can become critical, especially when a 

project has narrow tolerances and inflexible inspectors. 

Grid Distances used to Pre-Fabricate Structures 

This issue is related to the previous two.  It can arise when the engineer is fully-cognizant 

of the fact that a project is being designed on the grid, but being built on the ground.  In 

this case, a 500-foot prefabricated building should be exactly 500 feet long in the 

architectural and structural plans, which are done using the actual distances that the 

building should measure once it is built (i.e., ground distances). 

However, in a grid-based project, distances in the civil site plan should be grid distances.  

So assuming that 0.9995 combined scale factor mentioned earlier, that building gets 

labeled as being 499.75’ long in the site plans.  The manufacturer of the building panels 

should be sure to use the ground distances when prefabricating the building components, 

and not the grid distances.  And of course, everyone involved in the project should 

understand why the building is 500.00 feet long on the structural plans, but only 499.75 

feet long on the civil site plan. 

To avoid confusion, it would actually be wise to label key components with BOTH 

distances, a grid and a ground distance.  Depending on our software, though, this may not 

be exactly the easiest thing to do, and we may have to resort to some rather unpleasant 

tricks to get our items labeled with both a grid and a ground distance. 

The worst aspect of labeling both grid and ground distances in the plans is that everyone 

involved with the construction project would need to understand why the building is 

labeled with two distances in the plans, and understand which distance should be used in 

each instance.  But that may be an unavoidable complication with grid-based projects, 

unless we get into using custom projections (a topic we’ll discuss later in this paper). 

Mixing-Up Grid and Project Coordinates 

As one variation, some people like to adjust their project coordinates so that they are as 

close as possible to grid coordinates.  This essentially amounts to using project 

coordinates; however, the project coordinates are defined in a very specific way.  To 

differentiate this method of using grid coordinates from the others, I will call this method 

a stretched project, using stretched coordinates. 
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With this method, a localized coordinate system is created as detailed earlier in this 

paper.  We then use a “base point” to determine a combined scale factor for the project, 

then divide the grid coordinates for our “base point” by the combined scale factor to get 

to the localized coordinates.  But then, to get to our stretched coordinates, we transform 

the localized coordinates so that the stretched coordinates for our base point are identical 

to the grid coordinates for the base point. 

The following table illustrates the difference between the grid, localized, and stretched 

coordinates for several points in a project.  The base point for the project in this example 

is at N 1,500,000 and E 3,500,000, and our combined scale factor is 0.9996.  Therefore, 

our localized coordinates are equal to our grid coordinates divided by 0.9996.  To get to 

the stretched coordinates, we then subtract 600.24 from the northing and 1,400.56 from 

the easting, so that the stretched coordinates for our base point are the same as the grid 

coordinates. 

On one level, this actually makes some measure of sense.  The net result is that, for small 

projects, the project coordinates and grid coordinates are almost identical.  The amount of 

error gradually increases as we get further from our base point.  With a combined scale 

factor of 0.9996, we would have about 0.04’ of difference between our grid and project 

coordinates for every 100 feet we get away from our base point.  This error affects both 

the northing and easting, so a point that is 100’ south and 100’ east of our base point 

would have 0.04’ of error in the northing and 0.04’ of error in the easting, for a total of 

about .06’ of error.  But for a small construction project that only measures a couple 

hundred feet across and has normal tolerances, 0.06’ of error is probably insignificant.  

The net result is, with this system, it is possible for someone to have absolutely no 

knowledge of how to use a grid system and still get the job done.  The surveyor can even 

completely mix up grid and project coordinates, and use a combination of both, and may 

still manage to get the project built without any serious issues. 

However, this is a relatively “sloppy” method of proceeding.  It is far more desirable that 

the surveyor understands the difference between grid and project coordinates, and uses 

them correctly.  And assuming the surveyor understands the difference, it is far better to 

use a system that makes it clear which set of coordinate is which, so that it impossible to 

accidentally “mix up” grid and project coordinates.  For this reason, we strongly 

recommend avoiding stretched coordinates.  Instead, it is far better to use a project 

coordinate system, such as the so-called “truncated” coordinates described earlier in this 

paper. 

Grid Coordinates Localized Coordinates Stretched Coordinates 

Northing Easting Northing Easting Northing Easting 

1,500,000.00 3,500,000.00 1,500,600.24 3,501,400.56 1,500,000.00 3,500,000.00 

1,500,500.00 3,500,500.00 1,501,100.44 3,501,900.76 1,500,500.20 3,500,500.20 

1,499,200.00 3,501,100.00 1,499,799.92 3,502,501.00 1,499,199.68 3,501,100.44 

1,502,500.00 3,497,500.00 1,503,101.24 3,498,899.56 1,502,501.00 3,497,499.00 

1,495,000.00 3,495,000.00 1,495,598.24 3,496,398.56 1,494,998.00 3,494,998.00 
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Designing “On the Grid”, but Using a Combined Scale Factor 

This is another extremely-common engineering error.  This comes from a desire to “use 

grid coordinates”, but without fully-understanding them.  Usually, the driving factor 

behind this error is the fact that a review agency wants plans submitted electronically for 

GIS purposes, which means they want them on the grid.  So the engineer just does 

everything “on the grid”. 

However, if the project does not require the use of the grid, this is adding unnecessary 

complications to the project.  As we have seen, there are lots of complications with 

designing a grid-based project.  Distances in grid-based projects are grid distances.  

However, all legal documents, such as deeds and plats, typically use surface distances.  

This means the property lines for a grid-based project will not measure the same distance 

as what is called out in their legal documentation, which is another source of confusion 

for those who do not understand grid-based projects.  And of course, we can run into the 

exact same problems mentioned earlier, where the engineer “forgets” that all distances in 

the plans are grid distances, and designs that 500-foot building using 500 feet on the grid 

instead of 500 feet on the surface. 

Instead of doing this, if a project site is small enough that it can be designed using project 

coordinates, then it should be designed using project coordinates.  This way, many 

possible sources of confusion are completely avoided.  And it is a relatively simple 

operation to scale the linework down to the grid before sending it on to the GIS 

professionals.  There are some in the industry who advocate using grid coordinates for 

everything.  But I think this paper may have illustrated that, while useful and much 

simpler than Geodetic Surveying, a grid-based project still creates lots of possibilities for 

confusion and error.  There are many different professionals involved in any construction 

project, all of whom need to use the plans.  And most of these professionals do not really 

care about the details of grid vs. ground, and have no desire to learn about it.  So if we do 

not need to use a grid-based system because of the size or extents of our project site, then 

there is no good reason to introduce those complications, and localized or project 

coordinates work much better.  These projects can always be converted to a grid system 

for inclusion in GIS systems. 

“Let Down” by our Software 

This one hurts, because it is largely out of our control.  If we have a problem with our 

software, we must rely on our software vendors to fix it, and in the meantime, we can 

only make the best of what we have. 

Historically, grid coordinate systems are something that have not been widely-used.  

Until relatively recently, grid coordinate systems tended to be used only in long highway 

and roadway jobs (e.g. the Department of Transportation projects), or by the military.  

But now that projects are getting larger and larger, and GPS is becoming more and more 

prevalent, and GIS is becoming more and more important, the grid systems are gradually 

permeating everything we do.  It is quickly becoming imperative that all professionals in 

the Civil industry fully-understand the topics covered in this paper. 
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Unfortunately, the designers of our software are in a different profession (software 

engineering), usually with no direct knowledge of or experience in the Civil industry.  

They rely wholly upon Civil professionals to tell them what we need our software to do.  

And since so many Civil professionals have a hazy or incorrect grasp of grid coordinate 

systems, a fair bit can get “lost in translation”, and our software is often designed in ways 

that do not really support the tasks we need to support.  For example, our software may 

not fully-support the translation from grid to localized to project coordinates, with the 

ability to create labels using any of the three coordinate systems.  It may not allow us to 

choose whether we want to design in grid coordinates or project coordinates, and lock us 

into designing in either one or the other.  It may lack the ability to measure or label any 

element in a grid-based project with any combination of grid, surface, and geodetic 

distances.  It may even lack the ability to correctly determine the floating scale factor for 

points in a grid-based project, or it may perform survey reductions improperly, or it may 

suffer any of a number of other issues. 

A key problem that strikes much of our software is the lack of “project support”.  For 

example, we may be able to configure all options correctly in our data collector (e.g., are 

we using Grid or Project coordinates; if we are using Grid coordinates, what is our 

coordinate zone; if we are using Project coordinates, what is the combined scale factor; 

etc.).  But if these configurations are stored in the same job file as our survey 

observations, those options must be configured properly every time we create a new job 

file for that project.  Any error in these settings can have terrible repercussions.  So, our 

data collectors should have the concept of a “Project”, which we can create once, 

containing all settings for our project.  We should then be able to create individual job 

files each day, so that we can daily dump all collected data from our data collectors and 

start a new data collection file, but without re-entering all the project options.  This is a 

feature that is not regularly supported in current data collection software. 

Similarly, our CADD software should also be fully-cognizant of all the various 

coordinate systems – the grid coordinate system, the localized coordinate system, the 

project coordinate system, and surface coordinates.  The software must be able to fully-

support all four of these different types of coordinate system, and transform between 

them as needed.  For example, if we are working in a Grid-Based project, it should be 

easy to create labels using either grid or ground distance.  And as with our data collectors, 

our CADD software needs to understand the concept of a Project, so that we only have to 

setup our Project Settings once, and every drawing in the project automatically uses those 

same settings. 

Hopefully this paper will help to clarify some of the issues involved, so that some of 

these problems can be addressed.  And as technology drags us into ever-larger projects, it 

will become more and more critical that everyone involved with the Civil industry 

understands Grid Coordinate Systems and how to use them – and just as importantly, 

how not to use them. 
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Alternatives to a Standard Grid System 

As we have seen, while there are great advantages to using a grid system such as State 

Plane or UTM, there are also drawbacks.  Of late, it seems there are two alternatives that 

are gaining popularity.  Let’s take a look at those alternatives. 

Using a City-Wide Combined Scale Factor 

In some areas, a municipality has determined a specific “average combined scale factor” 

for an entire city or district.  Then State Plane coordinates are divided by this “average 

combined scale factor” to come up with the official “city coordinates”. 

This can work, and it has some advantages.  It is especially useful if the municipal zone 

does not cover too wide an area, or contain too drastic an elevation differential over its 

extents.  We can inverse between points using the “city coordinates”, and get something 

that is essentially a ground distance.  As long as we don’t try to use that combined scale 

factor over too large an area or too great an elevation difference, we won’t introduce an 

appreciable amount of error. 

However, this process basically amounts to using a Localized coordinate system for our 

entire city, and we have all the problems involved with using a Localized coordinate 

system.  For example, Surveyors that work in many different municipalities might need 

to use a different combined scale factor for each city.  This introduces something that can 

very easily lead to an error, as it is too easy for a Surveyor to set an instrument to use the 

wrong scale factor.  We also have the problem that the city coordinates can be confused 

with State Plane Coordinates, unless a horizontal offset is also applied to the coordinates, 

creating the equivalent of a Project Coordinate System. 

This also introduces a new problem.  Currently, any hand-held GPS unit can easily guide 

anyone to a State Plane Coordinate.  However, this becomes much more complicated if 

we start having a different City Coordinate System for every municipality.  If we project 

this forward into the future, and assume it becomes a common practice for every 

municipality to adopt its own “combined scale factor” and “false northing and easting 

offsets”, we can imagine the amount of additional headache we will introduce into the 

system. 

In many respects, the desire to go this route comes from the desire to have “a coordinate 

for every point”.  Achieving this goal can simplify life in many ways, but it can also lead 

to very insidious problems, as people grow to rely on the coordinate value.  We start to 

run into issues of “WHEN and HOW were these coordinates generated?”  These 

problems can be difficult to solve, unless we proceed carefully.  Our “city-wide” 

coordinates may need to be flagged with an epoch or realization identifier, much the way 

we identify between NAD 83(1986), NAD 83(HARN), and NAD 83(NSRS2007).  Of 

course, this is a problem with any coordinate system we use, and is not limited only to 

“City-Wide Coordinate Systems,” but it’s something that should be taken into account.  

Otherwise, something like a catastrophic earthquake can wreak havoc with all our 



- 24 - 

recorded documents, and future work can become a nightmare, as coordinates from both 

before and after the event need to be reconciled. 

Of course, using a “City-Wide Coordinate System” for subdivision plats does solve one 

potential problem.  There are distinct advantages to using the State Plane grid to plat land 

subdivisions for a city; in fact, we know of at least one city here in Colorado that is 

platted entirely on the State Plane grid.  But platting land on the State Plane grid can 

really confuse land owners, who often do not understand why the distance on the plat is 

not necessarily the length of their lot on the ground.  We also may run into confusion 

when calculating areas of lots for tax purposes.  So if we use a combined scale factor to 

come up with “city coordinates”, we can retain many of the advantages of using State 

Plane coordinates, and also have the advantage of being able to inverse coordinates and 

come up with ground distances.  But the cost of this system is potential confusion, as 

more and more municipalities adopt their own custom “city-wide combined scale 

factors”, and we lose the advantages of having larger grid systems that cover greater 

areas. 

Custom Projections 

This is another variation on City-Wide coordinate system discussed in the last section. 

With this option, we create a custom grid projection, specifically for our site.  This 

process is identical to the process used to create a State Plane or UTM grid system.  

Except, since our projection is designed with a specific project in mind, we can REALLY 

minimize the projection distortion.  We can use a grid surface that is at the average 

elevation of our project, so that the elevation scale factor is very close to 1 for our entire 

job.  And we can center the grid on our job, and select a projection surface that keeps the 

grid scale factor as close as possible to 1 for our entire job site. 

With this sort of system, we can end up with the “best of both worlds”.  We are working 

on a real grid system with a floating scale factor, so we don’t run into the trouble that a 

City-Wide coordinate system can create, with its average combined scale factor applied 

to a larger grid.  And if our site does not have too great an elevation differential, we’ll 

have an elevation scale factor that is essentially 1 for the entire jobsite.  In other words, 

for our entire jobsite, our grid and ground coordinates are almost identical, and our grid 

distances are virtually the same as our ground distances.  This removes all the 

complications of labeling plans with both grid and ground distances, or mixing up grid 

and ground coordinates, and more. 

However, when we use a custom projection, we now have a problem when we want to 

equate anything on our project with data on other projects.  Grid systems such as the 

State Plane Coordinate System or the UTM system are relatively large and widely-used, 

and one of their prime benefits is the ease with which multiple projects can be combined.  

If we start using custom projections for every job, this task becomes significantly more 

difficult.  In many ways, we have the same problems that we run into if every municipal 

area comes up with its own “City Coordinate System”, as covered in the last section.  It 

isn’t too bad if we have friendly software, which allows us to easily enter the definition 



- 25 - 

for our custom projection, and then convert our data to another projection such as our 

State Plane system.  But without such software (and the knowledge to use it), this task 

can prove difficult.  And many of the lower-end hand-held devices are ONLY capable of 

using the standard pre-programmed grid projections, with no provision to allow the user 

to enter custom projections. 

As a mitigating factor, however, a custom projection can create a relatively large area 

over which both the grid and elevation scale factors are essentially 1.  There are some 

places now where an entire county, or even a group of several counties, have created a 

custom projection just for their area.  And some well-known large projects (for example, 

the “T-REX” rehabilitation of Interstate-25 through Denver) also have custom grid 

projections published for them.  So in theory, we could come up with a lot of “standard 

projections” at the City or County level, and they would be much like our current State 

Plane systems.  In many ways, this works much better than the “City-Wide Coordinate 

Systems” discussed earlier, because a custom projection introduces much less error than 

an “average combined scale factor”.  But of course, it also has the added complications 

involved with being a non-standard projection, and our software or hardware typically 

does not come with these projections pre-loaded and ready-to-use.  So a custom 

projection may require a slightly more-sophisticated user.  And a custom-projection also 

suffers from the problem that it may need to be adjusted over time.  In most respects, 

however, it is potentially the best solution. 

Regardless of whether we use a State Plane (or similar) grid system, a City-Wide 

coordinate system with average combined scale factor, or a custom projection, there are 

benefits and drawbacks.  But as long as we clearly understand what is happening, we can 

use any of these systems.  For this reason, the debate over this issue is likely to continue 

for some time. 

As we progress into a new era of technology, our procedures and techniques will need to 

change to meet the new challenges brought by our modern construction projects.  

Hopefully, this paper will help generate a common understanding of the problems we 

face, so that we as a Profession can make wise decisions as we tackle these new 

challenges. 
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