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Introduction 

Purpose and Scope of Project 

The purpose of this project was to design the Pima County Coordinate System (PCCS), a four-zone 

system of low-distortion projections (LDPs) referenced to the North American Datum of 1983 (NAD 83).  

As shown in Figure 1, the project area was all of Pima County, in central southern Arizona adjacent to 

Mexico.  The maximum dimensions of the county are 171 miles east-west and 75 miles north-south.  The 

range in topographic ellipsoid height exceeds 8500 feet, from a low of about 550 feet near the 

northwest corner of the county to a high of 9080 feet at the summit of Mount Lemmon in the Santa 

Catalina Mountains north of Tucson. 

The intent was to create a coordinate system that minimizes linear distortion at the topographic surface 

throughout as much of the county as practicable.  The main objective was to design a system consisting 

of four zones with linear distortion not exceeding about ±20 parts per million (±0.1 ft per mile or 

1:50,000) in populated parts of the county.  Typically this excluded mountainous areas, except for one 

zone designed for the summit area of Mount Lemmon.  Additional details on design criteria are given in 

the following section. 

Analysis and design of the LDPs was performed with software and digital topographic height models 

created by Geodetic Analysis, LLC, as a subconsultant to Psomas.  LDP design alternatives were limited 

to the Transverse Mercator (TM), Lambert Conformal Conic (LCC), and Oblique Mercator (OM) 

projections.  Design parameters were defined such that all zones of the final selected coordinate system 

are compatible with a wide range of commonly used commercial surveying, engineering, and GIS 

software.  The final system design was selected after extensive review and comments from Jack Avis and 

Steve Whitney of Pima County, and from Pat McGarrity of Psomas.  In addition, a stakeholder meeting 

was held on October 26, 2016, to solicit input from other individuals in Pima County as well as 

representatives from various local and tribal government agencies and private companies.   

Project Deliverables 

Deliverables for this project consist of: 

1. An Esri projection (*.prj) file for each of the four zones of the final PCCS definitions. 

2. Six PDF maps (at 300 dpi resolution), consisting of one letter-size index map and five tabloid-size 
linear distortion maps, one showing distortion for all four zones and a map for each of the four 
zones (all maps are also included in this report). 

3. Six ArcMap (version 10.3) documents (*.mxd file) corresponding to the six PDF maps, one for the 
index map, one for the combined distortion map for all four zones, and four for the distortion maps 
of each of the four zones. 

4. GIS vector feature dataset corresponding to the ArcMap documents and consisting of Esri 
shapefiles, referenced to NAD 83 (2011) epoch 2010.00.  Includes various features for boundaries, 
cities, roads, etc. as well as PCCS distortion contours, zone polygons, meridians, centroid points, etc.
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Figure 1.  Index map showing overall design area and Pima County Coordinate System (PCCS) zones. 
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5. GIS raster datasets of linear distortion, topographic height, and hillshade, in IMG format and 
referenced to NAD 83 (2011) epoch 2010.00.  The linear distortion rasters are in parts per million 
(ppm) at 3 arc-sec resolution for zones East, Central, and West, and 1 arc-sec resolution for the Mt 
Lemmon zone.  The topographic height raster is at 3 arc-sec resolution and consists of NAD 83 
ellipsoid heights, in feet. 

6. This project report, describing the intent, purpose, characteristics, and design methodology. 

All deliverables are provided as digital files; no hard copies are included. 

The Pima County Coordinate System 

Design Criteria and Final Design Parameters 
The following criteria were used for design of the Pima County Coordinate System (PCCS). 

1. Distortion criterion.  The intent was to limit linear distortion to ±20 parts per million (±0.1 ft per mile 
or 1:50,000) in populated parts of the county.  “Linear distortion” is the difference in distance 
between a pair of projected (map grid) coordinates as compared to the actual horizontal distance on 
the ground (i.e., at the topographic surface of the Earth).  Because of the large size (minimum 
dimension of 75 miles north-south) and significant topographic relief (over 8500 ft), this criterion 
could not be met at all locations in the county but was satisfied in most populated areas. 

2. Number of zones.  The ±20 ppm distortion criterion required multiple zones, and four were specified 
in the project scope.  Preliminary work indicated three zones would provide satisfactory coverage 
for non-mountainous parts of the county.  A fourth zone was added to provide coverage for the 
summit areas of Mount Lemmon along the Catalina Highway.  The zones are shown in Figure 1. 

3. Projection types.  Designs were limited to three commonly used conformal projection types:  
Transverse Mercator (TM), Lambert Conformal Conic (LCC), and Oblique Mercator (OM).  Conformal 
projections are required because linear distortion (scale error) is the same in every direction from a 
point; no other projection type is appropriate for minimizing linear distortion. 

4. Uniqueness with respect to existing coordinate systems.  PCCS coordinates were specified such that 
the numeric values differ substantially from those of four existing coordinate systems:   

a. State Plane Coordinate System of 1983, Arizona Central Zone (SPCS 83 AZ C), international feet 

b. State Plane Coordinate System of 1927, Arizona Central Zone (SPCS 27 AZ C), US survey feet 

c. Universal Transverse Mercator of 1983, Zone 12 North (UTM 83 12N), international feet 

d. Universal Transverse Mercator of 1983, Zone 12 North (UTM 83 12N), meters 

5. Projected coordinate values.  PCCS coordinates were further specified such that coordinates in one 
zone do not equal those in any other zone; northings and eastings are not the same within a zone; 
and values are as small as possible without being negative in a zone or violating the other criteria. 

6. Linear unit.  The international foot was selected as the defining unit for the false northings and 
eastings, and it is also the intended working (output) unit of the projected coordinates. 

7. Geodetic reference system.  The North American Datum of 1983 (NAD 83) is the defining datum for 
the PCCS.  It is not associated with a specific realization, such as NAD 83 (2011) epoch 2010.00, since 
all realizations have the same defining parameters, including use of the Geodetic Reference System 
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of 1980 (GRS-80) as the reference ellipsoid.  This is discussed further later in the report, including 
compatibility with the new geometric datum scheduled for release by the National Geodetic Survey 
(NGS) in 2022. 

Parameters of the final design for the four zones of the PCCS are given in Table 1.  Three projection 

types are used, the Transverse Mercator (TM) for zones 2 and 3 (Central and West), the Lambert 

Conformal Conic (LCC) for Zone 4 (Mount Lemmon), and Oblique Mercator (OM) for Zone 1 (East).  All 

projections are referenced to NAD 83 as the geometric reference system (also known as a “geodetic 

datum” or “geographic coordinate system”). 

Table 1.  Defining parameters for the four zones of the Pima County Coordinate System (PCCS). 

Pima County Coordinate System (PCCS) zone definitions 

Linear unit: International foot (ift) 

Geometric reference system: North American Datum of 1983 (NAD 83) 

Reference ellipsoid: Geodetic Reference System of 1980 (GRS-80) 

Zone 1: East* Zone 2: Central 

Projection: Oblique Mercator (local grid origin) Projection: Transverse Mercator 

Latitude of local grid origin: 32° 15’ 00” N Latitude of grid origin: 31° 15’ 00” N 

Longitude of local grid origin: 111° 24’ 00” W Longitude of central meridian: 112° 10’ 00” W 

Northing at local grid origin: 800,000.000 ift Northing at grid origin: 1,000,000.000 ift 

Easting at local grid origin: 160,000.000 ift Easting at central meridian: 1,800,000.000 ift 

Skew axis scale at local origin: 1.000 110 (exact) Scale factor on central meridian: 1.000 090 (exact) 

Skew axis azimuth at local origin: +45° 00’ 00”   

Zone 3: West Zone 4: Mount Lemmon** 

Projection: Transverse Mercator Projection: Lambert Conformal Conic (single parallel) 

Latitude of grid origin: 31° 30’ 00” N Standard parallel and grid origin: 30° 30’ 00” N 

Longitude of central meridian: 113° 10’ 00” W Longitude of central meridian: 110° 45’ 00” W 

Northing at grid origin: 0.000 ift Northing at grid origin: -620,000.000 ift 

Easting at central meridian: 600,000.000 ift Easting at central meridian: 30,000.000 ift 

Scale factor on central meridian: 1.000 055 (exact) Scale factor on standard parallel: 0.999 800 (exact) 

* Also known as a Hotine OM or rectified skew orthomorphic (RSO) projection.  Local origin also referred to as 
“center.”  Can also be defined using the “true” or “natural” origin; see discussion below. 

** An alternative two-parallel definition can be used for this zone if necessary; see discussion below. 

The PCCS defining projection parameters are also given in Figure 2, which is a map showing the 

distortion for all zones.  Figures 3 through 6 give the defining parameters and show distortion 

distribution for each zone individually.  Note that figures 2 through 6 are formatted for printing on 

tabloid-size (11” × 17”) sheets.  Because of this, they will be at a smaller numeric scale than shown if 

printed on letter-size paper from this document.  However, the maps in figures 2 through 6 are also 

available in their original size for printing on tabloid sheets. 
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Figure 2.  Linear distortion map and defining parameters for all four PCCS zones. 
See Table 2 for zone centroid coordinate details.  Scale as displayed on 8-1/2” × 11” sheet is 1:1,280,000. 
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Figure 3.  Linear distortion map and defining parameters for PCCS Zone 1 (East). 
Scale as displayed on 8-1/2” × 11” sheet is 1:963,000. 
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Figure 4.  Linear distortion map and defining parameters for PCCS Zone 2 (Central). 
Scale as displayed on 8-1/2” × 11” sheet is 1:963,000. 
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Figure 5.  Linear distortion map and defining parameters for PCCS Zone 3 (West). 
Scale as displayed on 8-1/2” × 11” sheet is 1:802,000. 
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Figure 6.  Linear distortion map and defining parameters for PCCS Zone 4 (Mount Lemmon). 
Scale as displayed on 8-1/2” × 11” sheet is 1:96,300.
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Zones 1 (East), 2 (Central), and 3 (West) boundaries are defined by township lines, as shown in figures 3, 

4, and 5.  Each of these zones can be used in the adjoining township outside of the zone boundary if 

necessary.  The extent of Zone 4 (Mount Lemmon) essentially corresponds to the Catalina Highway 

alignment from Willow Canyon northwest to Summerhaven, and then west to the vicinity of the Mt. 

Lemmon summit, as shown in Figure 6. 

The OM projection used for Zone 1 (East) is also known as “Hotine Oblique Mercator” and “Rectified 

Skew Orthomorphic” (RSO).  Instead of “local”, the origin is sometimes stated as the “center” of the 

projection.  The “true” or “natural” origin of an OM is near (but not quite on) the Equator, and an OM 

can be specified using that origin instead of a local one.  For software that requires coordinates at the 

true origin, the values for Zone 1 are false northing = −9,947,962.65718 ift and false easting =  

−10,587,962.65718 ift (at latitude 0°04'24.000206"S and longitude 139°23'45.137789"W).  The skew axis 

azimuth is usually defined at the local origin, but if needed the azimuth at the true origin = 

+36°45'26.8119254".  An alternative way to define the orientation of an OM projection is specify two 

points.  For Zone 1, appropriate points for this purpose are the local origin and the true origin.  Although 

alternate means of defining the Zone 1 OM can be used, for best performance a “local” or “center” 

definition with a specified local azimuth should be used if possible.  Regardless of the type of OM 

definition used, the coordinates must be rectified. 

The LCC projection used for Zone 4 (Mount Lemmon) was defined using a single parallel with a scale of 

0.9998.  Because the scale is less than 1, the projection developable surface is secant (i.e., “below” the 

ellipsoid) and it can therefore be defined using an equivalent two-parallel definition in lieu of specifying 

a scale on a single standard parallel.  To accommodate software that requires a two-parallel LCC, 

specifying north standard parallel = 31°38'47.33568"N and south standard parallel = 29°20'56.05711"N 

will give the same results (with latitude of grid origin = 30°30'00"N and other parameters the same as 

the single parallel definition).  For such a two-parallel LCC, no scale is specified and any additional scale 

factor must be exactly 1.  Although such an alternative definition will work, as with the OM, the official 

single parallel PCCS definition should be used if possible. 

PCCS Projected Coordinates Values 
Figure 2 shows PCCS coordinates for the centroid point of each zone.  These centroid points are shown 

to illustrate the expected magnitude and difference between PCCS coordinates in each zone.  They are 

also given in Table 2 to provide a check on PCCS coordinate computations in computer software.   

Using the PCCS requires that its parameters be entered in software, whether it be done by the software 

user or manufacturer.  It is possible that coordinate system parameters could be entered incorrectly.  In 

addition, not all software performs calculations the same way, and sometimes calculation results are 

incorrect.  If the latitude and longitude values listed in Table 2 for a zone are entered in software, they 

should produce the PCCS coordinates shown.  Conversely, if the PCCS coordinates are entered, they 

should produce the latitude and longitude values shown.  If the software does not produce the value 

shown in Table 2, check to ensure all parameters have been entered correctly, the units are correct (by 

definition, 1 international foot = 0.3048 meter exactly), and the datum has been properly defined 

(correct reference ellipsoid, no datum transformation).  Datum (geographic) transformations are a 
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common cause of coordinate computation errors.  To duplicate the coordinates in Table 2, the latitude 

and longitude as shown must be used in the projection algorithms; they cannot be transformed before 

projecting.  The reverse is also true – the latitude and longitude generated by de-projecting the PCCS 

coordinates must not be transformed after de-projection. 

Table 2.  PCCS zone centroid coordinates for comparison between zones and computation check. 

PCCS zone of 
centroid point 

NAD 83 geodetic coordinates (GRS-80) PCCS projected coordinates (ift) 

Latitude Longitude Northing Easting 

1. East 32°04'06.00000"N 111°03'00.00000"W 734,076.605 268,437.993 

2. Central 32°04'08.00000"N 112°01'23.00000"W 1,297,953.783 1,844,492.571 

3. West 32°12'18.00000"N 112°54'00.00000"W 256,590.784 682,491.363 

4. Mount Lemmon 32°24'54.00000"N 110°44'24.00000"W 76,612.057 33,087.234 

 

To provide an additional means for checking software calculations, PCCS coordinates were computed for 

all 170 NGS control stations in Pima County with published NAD 83 (2011) epoch 2010.00 coordinates.  

The coordinates, linear distortion, and convergence angles are given in appendices A and B, respectively, 

and their locations are shown in Figure 7.  Of the 170 stations, eight are Continuously Operating 

Reference Stations (CORS), which are labeled in Figure 7.  There is at least one NGS station in each PCCS 

zone, although the vast majority (165) are in Zone 1 (East). 

PCCS projected coordinates are defined such that they differ substantially from State Plane (based on 

both NAD 83 and NAD 27) as well as UTM 83 (both in feet and meters) in the county.  The minimum and 

maximum PCCS zone centroid coordinate differences with these systems are shown in Table 3.  The 

smallest difference in northing is about 183,000 between PCCS Zone 3 (West) and both SPCS 83 and 27, 

in both ift and US survey feet (sft).  The smallest difference in easting is about 227,000 between Zone 1 

(East) and UTM 83 in meters. 

Table 3.  Comparison of PCCS zone centroid coordinates to SPCS 83, SPCS 27, and UTM 83. 

Absolute value of differences in centroid coordinates between PCCS and existing coordinate systems 

PCCS zone of 
centroid 

SPCS 83 AZ C (ift) SPCS 27 AZ C (sft) UTM 83 12N (ift) UTM 83 12N (m) 

N E N E N E N E 

1. East 344,404 700,021 344,391 499,825 10,906,380 1,356,499 2,813,934 226,843 

2. Central 909,141 1,177,447 909,128 1,377,660 10,344,203 520,880 2,250,576 1,441,056 

3. West 183,110 286,637 183,119 486,863 11,438,756 370,399 3,308,151 361,570 

4. Mt Lemmon 440,091 1,030,021 440,099 829,828 11,690,011 1,687,540 3,509,854 491,360 

Min difference 183,110 286,637 183,119 486,863 10,344,203 370,399 2,250,576 226,843 

Max difference 909,141 1,177,447 909,128 1,377,660 11,690,011 1,687,540 3,509,854 1,441,056 
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Figure 7.  NGS control in Pima County with published NAD 83 (2011) epoch 2010.00 coordinates  
(PCCS coordinates and distortion for the NGS stations are given in appendices A and B).
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In addition to differing substantially from existing coordinate systems, PCCS coordinates were specified 

to satisfy the following three criteria:  1) they differ from one another for each zone;  2) the northings 

and eastings are not equal within a zone; and  3) the smallest positive values possible are used without 

violating the preceding rules.  The approximate coordinate ranges for the PCCS zones are: 

Zone 1 (East)   Range N-S:  500,000 to 900,000  Range E-W:  100,000 to 500,000 

Zone 2 (Central)  Range N-S:  1,000,000 to 1,500,000 Range E-W:  1,700,000 to 2,000,000 

Zone 3 (West)  Range N-S:  100,000 to 400,000  Range E-W:  500,000 to 800,000 

Zone 4 (Mt Lemmon) Range N-S:  60,000 to 90,000  Range E-W:  10,000 to 50,000 

The actual ranges of coordinate values for each PCCS zone are given in Table 4. 

Table 4.  Range of coordinate values for each PCCS zone (international feet). 

PCCS  
zone 

Zone northings (ift) Zone eastings (ift) 

Minimum Maximum Range Minimum Maximum Range 

1. East 500,237 897,338 397,102 101,264 454,705 353,441 

2. Central 1,088,462 1,457,661 369,199 1,689,422 1,985,193 295,771 

3. West 105,949 366,372 260,423 548,075 800,168 252,093 

4. Mount Lemmon 60,238 92,997 32,759 14,557 51,621 37,064 

 

PCCS Design Methodology and Results 
Coordinate system design was done using a digital elevation model (DEM) derived from the USGS 

National Elevation Dataset (NED).  The NED provides North American Vertical Datum of 1988 (NAVD 88) 

orthometric heights (elevations).  These NAVD 88 heights were converted to NAD 83 ellipsoid heights by 

adding the NGS hybrid geoid model GEOID12B (interpolated to the same resolution as the DEM).  

GEOID12B heights range from -90 to -108 feet in Pima County, and thus NAD 83 ellipsoid heights are less 

than NAVD 88 elevations by an average of about 100 feet.  

A final set of 65 design points was chosen corresponding to populated locations within Pima County.  

The points were selected to provide representative coverage over the entire county, as shown in Figure 

8.  The design points typically were not in mountainous areas, except for those along the Catalina 

Highway on Mount Lemmon.  The NAD 83 positions and ellipsoid heights of the design points were used 

to perform distortion calculations, with the objective of minimizing distortion.  Several iterations were 

required to determine the final zone dimensions and projection characteristics.  Statistics for the design 

heights and the zone widths are given in Table 5.  The five design points in Zone 4 (Mount Lemmon) 

were augmented with 76 points along the centerline of the Catalina Highway and East Ski Run Road (but 

are not included in the statistics for Table 5). 
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Figure 8.  Final set of 65 points used for computing distortion in PCCS design and analysis shown with the distortion for each zone   
(design point NAD 83 coordinates and PCCS and State Plane distortion given in Appendix C).
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Table 5.  Ellipsoid height statistics of design points and minimum PCCS zone width. 

Statistics 

NAD 83 ellipsoid height of topography (ift) and corresponding distortion 

Zone 1  
East 

Zone 2 
Central 

Zone 3 
West 

Zone 4 
Mt Lemmon 

Pima 
 County 

Number of points 41 13 6 5 65 

Minimum 1843 1500 1295 6897 1295 

Maximum 4505 2753 1991 8068 8068 

Range 2662 1252 696 1171 6773 

Mean 2762 2127 1597 7597 2899 

Std deviation ±581 ±351 ±258 ±430 ±1506 

Distortion range 128 ppm 60 ppm 33 ppm 56 ppm 325 ppm 

Minimum cardinal dimensions and corresponding distortion due to curvature 

Minimum width 75 mi (N-S) 70 mi (N-S) 49 mi (N-S) 7 mi (E-W) 75 mi (N-S) 

Distortion range 23 ppm 20 ppm 10 ppm 0.2 ppm 23 ppm 

    

Topographic ellipsoid height was not used directly as a design parameter.  Total distortion is based on 

both height and Earth curvature, so there is no single design height, especially over large areas.  In 

addition, as Table 5 shows, the NAD 83 ellipsoid heights vary considerably, even within the zones.  

Distortion due to change in height is 4.8 ppm per hundred feet, so a height range of 830 ft causes a 40 

ppm range in distortion (equal to the design criterion of ±20 ppm).  Yet the design points in three of the 

zones have a range in height significantly greater than 830 ft (2662 ft in Zone 1, corresponding to a 

distortion range of 128 ppm).  In addition, as shown in Table 5, the distortion range due to curvature 

alone exceeds 20 ppm for some of the minimum dimensions of Pima County.  Both the great variation in 

topographic relief and large size of the zones represented a considerable challenge in achieving the ±20 

ppm design criterion. 

To deal with the large range in ellipsoid height, projection types were chosen with the projection axis 

perpendicular to the direction of maximum topographic slope (as defined by a least-squares best-fit 

plane through the design points).  The projection axis is the central meridian of the TM, the standard 

(central) parallel of the LCC, and the skew axis of the OM projections.  The axis was offset from the 

centroid of the design points such that the distortion range and standard deviation were minimized.  

The western half of the county slopes up approximately 0.3% from west to east, and so the TM was 

selected for zones 2 (Central) and 3 (West) with the central meridian offset to the west. 

Since the Mount Lemmon design area slopes up approximately 4.9% to the north, a single-parallel LCC 

projection was used.  The slope required the standard parallel be offset south by a large amount, and it 

was set at 30°30'00"N latitude (134 miles south of Mt. Lemmon).  The large offset caused a scale on the 

standard parallel of 0.9998, even though the mean ellipsoid height of the design points is about 7600 ft.  

A scale less than 1 defines a secant projection developable surface, which is the opposite one would 
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expect for low distortion at high elevations.  However, the combination of a scale less than 1 and 

projection axis offset far to the south was needed to minimize distortion.  Conceptually, this approach 

can be described as creating an inclination of the projection developable surface such that it becomes 

essentially coincident with the sloping topography in the design area. 

Topography as defined by the design points in Zone 1 (East) slopes up by about 0.6% from northwest to 

southeast.  Because of the oblique direction, an OM projection provided the best distortion 

performance, since its skew axis could be oriented perpendicular to the slope.  Offsetting the OM origin 

to the northwestern part of the zone minimized distortion for the design points. 

Distortion statistics for the design points of each PCCS zone are given in Table 6.  The largest distortion 

range of 67 ppm occurs in Zone 1 (East).  Note however that this distortion range is about half of the 130 

ppm expected for the topographic height range of 2700 ft.  This improvement in performance illustrates 

the efficacy of using on optimization based on locating and orienting the projection axis with respect to 

topographic slope.  The maximum magnitude of distortion for most design points falls within about ±20 

ppm.  The greatest magnitude (-43.9 ppm) occurs in Zone 1 for the Ocotillo Ranches design point (height 

= 3658 ft) in the southwest quadrant of the zone.  The only other design point in any zone with 

distortion magnitude greater than 30 ppm is the adjacent Zone 1 point Diamond Bell Ranch (-40.3 ppm).  

For comparison, Table 6 also gives State Plane distortion of the design points (note the much larger 

magnitude and variation in distortion as compared to PCCS for the entire county).  A complete list of the 

design points with PCCS and State Plane distortion is given in Appendix C. 

Table 6.  Distortion statistics of design points for PCCS zones and SPCS 83 AZ C for Pima County. 

Statistics 

Linear distortion (parts per million) 

Zone 1 Zone 2 Zone 3 Zone 4 Pima County 

East Central West 
Mount 

Lemmon 
All PCCS 

zones  
SPCS 83 

AZ C  

Number of points 41 13 6 5 65 41 

Minimum -43.9 -27.4 -14.1 -28.0 -43.9 -332.7 

Maximum 22.9 23.4 17.8 14.0 23.4 -12.3 

Range 66.8 50.8 31.9 42.0 67.3 320.4 

Mean 1.3 -3.3 0.4 1.2 0.3 -157.1 

Standard deviation ±16.4 ±13.5 ±11.2 ±16.9 ±15.3 ±67.5 

 

Figure 9 shows linear distortion of State Plane 1983 Arizona Central zone.  For comparison with PCCS 

distortion shown in other figures (especially 2 and 8), the top map in Figure 9 uses the same 20 ppm 

increment for the distortion color ramp as all other figures (range of ±100 ppm = ±0.5 ft/mile).  To show 

greater detail of State Plane distortion distribution, the lower map uses a 40 ppm distortion increment, 

corresponding to a range of ±200 ppm = ±1.1 ft/mile (note that 1 ft/mile = 189 ppm).
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Figure 9.  SPCS 83 AZ C distortion in Pima County in increments of 20 ppm (top) and 40 ppm (bottom).
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Concluding Discussion and Recommendations 
The Pima County Coordinate System (PCCS) is a four-zone system of low-distortion projections (LDPs) 

that optimally minimizes map projection linear distortion in Pima County.  Three of the zones (East, 

Central, and West) cover essentially the entire county, except for mountainous areas.  The Mount 

Lemmon zone provides low distortion coverage for the summit area of the Santa Catalina Mountains 

along the Catalina Highway. 

A criterion of ±20 ppm (±0.1 ft/mile) distortion was used for design of the PCCS.  Although this criterion 

was exceeded at a few of the design points, at most locations distortion is within ±40 ppm.  The 

exceptions are two design points in Zone 1 (East).  The only way to further reduce distortion is by 

defining more zones.  Yet even for design alternatives with the East zone split into two zones, the design 

point distortion could not be significantly reduced.  This limitation, coupled with greater complexity in 

defining and managing a larger number of zones (especially in the more densely populated East zone), 

led to the decision of restricting design to a total of four zones (with one specifically for Mount 

Lemmon). 

The PCCS was designed using well-known conformal map projection types commonly available in GIS, 

surveying, and engineering software.  In some cases, the OM and single-parallel LCC projection 

definitions may be problematic to implement due to software limitations.  Strategies for handling 

potential difficulties with these two projections were described previously in this report.  In rare 

instances where a PCCS projection cannot be defined at all in software (for example in surveying field 

software), satisfactory alignment in small areas can usually be achieved using a best-fit planar conformal 

(similarity) transformation (affine transformations should not be used because the PCCS itself is 

conformal).  Such an approach is sometimes called “calibration” or “localization” in geospatial software.  

For areas with a maximum dimension of less than about 3 miles, differential distortion distribution will 

usually cause less than 0.05 ft mean alignment error.  For these cases, the transformation should be 

based on at least three (but preferably more) common points distributed across the extent of the area.  

Common points are any physical points correctly referenced to NAD 83 that can be observed in the field 

and for which PCCS coordinates are available.  The PCCS coordinates on NGS control points in Appendix 

A are suitable for this purpose (if they are used as control for the area of interest), or any point where 

appropriate NAD 83 coordinates can be determined and PCCS coordinates can be determined by other 

means (such as by using software not available in the field).  Although such an approach can produce 

acceptable results, it should only be applied if the rigorous projection definitions cannot be used.  It 

should also only be done by practitioners with sufficient knowledge and skill in using and interpreting 

such transformations. 

The Esri projection (*.prj) files provided as part of the PCCS design deliverables are referenced to the 

NAD 83 (2011) epoch 2010.00 realization.  However, the PCCS definition is with respect to “generic” 

NAD 83, not any particular realization (the same approach is used for State Plane).  This distinction is a 

common point of confusion.  Only the coordinates themselves are reference to a specific realization, but 

that has no effect on the projection or ellipsoid parameters.  A realization is included in the *.prj files to 

serve as a “trigger” to indicate whether a transformation of the data (or data view) should be invoked by 
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software.  For example, if a GIS dataset referenced to NAD 83 (2011) is added to a GIS data frame 

referenced to NAD 83 “HARN” (High Accuracy Reference Network), the software will attempt to perform 

a transformation (if one is available), even though the ellipsoid parameters for both are identical.  In 

short, the realization is associated only with the data, not with the formal coordinate system definition.   

To illustrate the change in coordinates for different NAD 83 realizations in Pima County, consider an NGS 

control station, N 419 (PID CZ1490) located about a mile west of downtown Tucson.  The NAD 83 

geodetic coordinates for this station have been updated three times relative to different NAD 83 datum 

realizations; the coordinates of its latest realization (2011) are given in Appendix A (the realization year 

is referred to as a “datum tag” by NGS).  Coordinates from its three previous NAD 83 realizations are 

given in the superseded section of its NGS Datasheet and are shown in Table 7.  The coordinates 

changed not because of a change in the NAD 83 definition but because of changes in the way the 

position of this station was determined (including different observation types, amount of data, 

computation methods, and adjustment constraints), as well as tectonic motion.  The cumulative change 

in horizontal coordinates for this station is 0.622 ft (the coordinate changes are specific to this station; 

changes at other locations will in general be different).  It can be seen by this example that including the 

datum realization as part of the metadata is a crucial part of maintaining accurate coordinates for 

geospatial data.  However, it is important to recognize that the PCCS coordinates in Table 7 were 

computed using exactly the same PCCS definition for all four realizations.  That is because the 

realizations have no effect on the PCCS defining parameters, only on the geodetic coordinates. 

Table 7.  Coordinates and their change due to NAD 83 realizations for NGS station N 419 (CZ1490). 
The “datum tag” is the year associated with each realization; 1992 is equivalent to HARN. 

NAD 83 
datum 

tag 

NAD 83 geodetic coordinates 
associated with datum tag 

PCCS Zone 1 (East) projected 
from geodetic coordinates (ift) 

Horizontal change 
in coordinates (ft) 

Latitude Longitude Northing Easting Increm. Cumul. 

1986 32°12'48.50258"N 110°59'17.66392"W 786,953.920 287,370.132   
     0.497 0.497 

1992 32°12'48.50741"N 110°59'17.66498"W 786,954.408 287,370.039   
     0.098 0.564 

2007 32°12'48.50788"N 110°59'17.66598"W 786,954.455 287,369.953   
     0.071 0.622 

2011 32°12'48.50854"N 110°59'17.66571"W 786,954.522 287,369.976   

 

Coordinate transformations between the various realizations of NAD 83 have been developed by NGS 

(such as NADCON).  However, these transformations are not appropriate for all applications, and the 

documentation for each should be reviewed to ensure suitability.  Typically these transformations are 

not of sufficient accuracy for surveying and engineering applications.  In such cases, more rigorous 

methods are necessary and can be done with respect to the desired NAD 83 reference coordinates, such 

as reprocessing data, recomputing coordinates, or performing custom local transformations. 
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In some situations, it may be necessary to change the NAD 83 realization of a dataset if it is referenced 

to the wrong realization.  This can occur, for example, if a dataset is referenced to “NAD 83” (without 

any modifier), which is often interpreted by software as original NAD 83 (1986).  Another example is an 

existing project referenced to an earlier realization, such as NAD 83 (2007), rather than the current 2011 

realization.  Although changing the NAD 83 realization can be done, such changes should only be made 

after it has been verified that the change is necessary, appropriate, and correct. 

As mentioned previously, NGS will replace NAD 83 with a new geometric datum in 2022 or soon after 

(NAVD 88 will also be replaced with a new vertical datum at the same time).  The average predicted 

change in NAD 83 coordinates in Pima County is about 4.6 ft horizontally, with corresponding decrease 

in ellipsoid heights of about 2.9 ft.  Since the GRS-80 ellipsoid will still be used for the 2022 datum, the 

PCCS projected coordinates will change by the same horizontal amount, and the decrease in ellipsoid 

height will cause an increase of 0.14 ppm in linear distortion.  This increase is essentially negligible; it 

will cause the magnitude of distortion to increase slightly in locations where it is positive and decrease 

slightly where it is negative.  Thus the PCCS will perform equally well when referenced to the 2022 

datum.  However, to reduce the possibility of confusing PCCS coordinates based on NAD 83 with those 

based on the 2022 datum, it is recommended that the false northings and eastings be changed so that 

the projected coordinates differ by a significant amount, say several hundred or thousand feet.  This 

approach was used by NGS to redefine State Plane for the change from NAD 27 to NAD 83.  For nearly all 

zones, the false northing and/or easting were changed by a large amount but with no change in geodetic 

parameters.  NGS may also use the same approach for State Plane for the change to the 2022 datum. 

Part of distinguishing the two existing versions of State Plane from one another is including “1927” and 

“1983” in their names.  A similar approach could be done for the PCCS, for example by calling it “Pima 

County Coordinate System of 1983” and abbreviating it as “PCCS 83.”  Although that might help 

differentiate it from a future PCCS referenced to the 2022 datum, it was not adopted explicitly for the 

name but rather is implied through reference to NAD 83.  One reason for not including 1983 in the name 

is that there is not yet any other PCCS to differentiate it from, and so the 1983 part would likely be 

dropped in normal usage.  Another reason is that using 1983 as part of the name has the unfortunate 

effect of making it appear nearly obsolete even though it is a new coordinate system.  And a final reason 

is that the naming convention for a future version of the PCCS is not yet known, nor is the name of the 

2022 datum or even the year it will be adopted by NGS. 

Regarding a change in PCCS false northings and eastings for the 2022 datum, one approach is to redefine 

them using “clean” metric values.  This will allow preservation of the same coordinate value scheme 

described earlier in this report, but it will produce coordinates that can be different enough from the 

current values to avoid confusion.  The geodetic parameters (latitude, longitude, and orientation) do not 

need to change, which includes all parameters affecting distortion. 

Switching to a metric definition for PCCS in the future also gives freedom to use units other than 

international feet for the working units.  In fact, the main reason the PCCS is currently defined using 

international feet is to facilitate a possible change to meters if or when Pima County migrates to the 
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2022 datum.  The overall intent in designing the PCCS is that it is compatible with and performs 

optimally for both the existing and future definitions of the National Spatial Reference System. 

Note regarding the relationship between NAD 83 and WGS 84.  When entering the PCCS projection 

parameters into vendor software, the datum should be defined as NAD 83 (which uses the GRS-80 

reference ellipsoid for all realizations).  Some commercial software implementations assume there is no 

transformation between World Geodetic System of 1984 (WGS 84) and NAD 83 (i.e., all transformation 

parameters are zero).  Other implementations use a non-zero transformation, and in some cases both 

types are available in a single software package.  The type of transformation used will depend on 

specific circumstances, although often the zero transformation is the appropriate choice (even though it 

is not technically correct).  Check with software support to ensure the appropriate transformation is 

being used for a given application.  It is important to understand that the relationship between NAD 83 

and WGS 84 is complex and changes with time, and that there is essentially no direct way to access high-

accuracy WGS 84 coordinates.  For additional information on WGS 84, refer to the referenced document 

National Geospatial-Intelligence Agency (2014a). 

Note regarding the vertical component of a coordinate system definition.  A complete 3-D coordinate 

system definition must include a vertical “height” component.  Yet the PCCS pertains exclusively to 

horizontal coordinates.  Although the vertical component is essential for most applications, it is not part 

of the PCCS and must be defined separately.  Typically the vertical part consists of ellipsoid heights 

relative to NAD 83 (when using Global Navigation Satellite System technology) and/or orthometric 

heights (“elevations”) relative to NAVD 88.  These two types of heights are related (at least in part) by an 

NGS hybrid geoid model, such as GEOID12B, and often also some sort of vertical adjustment or 

transformation to match local vertical control for a project.  The approach used for the vertical 

component usually varies from project to project and requires professional judgment to ensure it is 

defined correctly.  Providing such instructions is beyond the scope of this report. 
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Appendices 
Appendices A, B, and C give coordinates and distortion for various types of points.  Tables A-1 and B-1 give Pima County Coordinate System 

(PCCS) coordinates and distortion values for 170 NGS-published NAD 83 (2011) epoch 2010.00 control stations located in Pima County (including 

eight CORS).  The stations were not occupied or recovered to create these tables, and so some stations may presently be obstructed, removed, 

damaged, destroyed, or otherwise unavailable or unsuitable for use.  The stations given here were obtained from the NGS Integrated Data Base 

(NGSIDB) on July 13, 2016, and represent the status of NGS control at that time.  PCCS coordinates were computed directly from the NGS 

published latitude and longitude values using Geodetic Analysis software, and the ellipsoid heights (published in meters) were converted to 

international feet.   The information in these appendices are also available in Esri shapefile format. 

The NGS control station distortion values in Table B-1 are linear distortion, grid point scale factor, height scale factor, combined scale factor, and 

convergence (mapping) angle.  Linear distortion is given in parts per million (ppm), feet per mile, and as a dimensionless ratio. 

Table C-1 gives the geodetic coordinates and linear distortion of the points used for design and analysis of the PCCS.   

A. PCCS coordinates for NGS NAD 83 (2011) epoch 2010.00 control 

Table A-1.  PCCS projected coordinates computed for NGS NAD 83 (2011) epoch 2010.00 control. 

PCCS zone 
NGS  
PID 

Station designation  
(and CORS ID if applicable) 

Latitude Longitude 
Ellipsoid 
ht (ift) 

Northing  
(ift) 

Easting  
(ift) 

1. East DF7063 CITY OF TUCSON 2 CORS ARP (COT2) 32°14'14.92593"N 110°49'51.31377"W 2492.605 795,911.646 335,987.652 

1. East DN9197 KBC LIBRARY CORS ARP (AZBR) 32°15'32.33890"N 110°48'05.16439"W 2491.207 803,785.638 345,062.426 

1. East DM2672 PIMA COMM COLLEGE CORS ARP (PIMA) 32°13'40.63583"N 111°01'07.02694"W 2344.314 792,188.312 277,954.316 

1. East DL7716 SAHUARITA_AZ2007 CORS ARP (P014) 31°58'22.40596"N 111°05'54.90211"W 3506.827 699,304.324 253,482.722 

1. East DM7127 SOPORI ELEM SCH CORS ARP (AZAM) 31°43'48.10286"N 111°04'16.85169"W 3050.745 610,965.011 262,198.391 

1. East DM7129 SYCAMORE ELEM SCH CORS ARP (AZVA) 31°57'14.66542"N 110°46'13.03246"W 3317.228 692,898.267 355,344.157 

1. East AI3680 TUCSON CORS ARP (COT1) 32°13'28.02665"N 110°58'18.71923"W 2408.448 790,968.508 292,419.021 

1. East CZ0489 171+82 32°28'05.01417"N 111°13'25.19860"W 1874.062 879,388.415 214,393.044 

1. East CZ0496 272+10 32°27'01.00753"N 111°11'55.74035"W 1907.848 872,932.487 222,070.403 

1. East CZ0503 328+76.0 32°26'24.82888"N 111°11'05.23770"W 1918.504 869,284.174 226,405.906 

1. East CZ2373 5 DOR 32°05'41.45455"N 110°47'45.47497"W 2852.877 744,073.840 347,090.198 

1. East CZ2375 938+00 32°14'54.44298"N 111°13'13.21235"W 2221.598 799,484.855 215,554.031 

1. East CZ2376 AF 14 32°23'38.05977"N 111°16'58.83989"W 1898.730 852,381.208 196,116.645 

1. East CZ2377 AF 17 32°20'07.76485"N 111°19'18.14284"W 1972.592 831,115.193 184,186.227 

1. East AC6840 ARP 3 TUS 32°07'05.10895"N 110°56'34.22686"W 2493.543 752,303.847 301,561.520 
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PCCS zone 
NGS  
PID 

Station designation  
(and CORS ID if applicable) 

Latitude Longitude 
Ellipsoid 
ht (ift) 

Northing  
(ift) 

Easting  
(ift) 

1. East CZ2378 AV 25 32°09'45.11604"N 111°13'00.18683"W 2227.772 768,222.877 216,726.207 

1. East DG7478 AVQB 32°24'58.55921"N 111°13'32.96722"W 1912.139 860,541.549 213,758.021 

1. East CZ0058 C 317 32°08'44.70899"N 110°53'10.04394"W 2572.457 762,449.949 319,076.233 

1. East CZ2379 C 45 32°12'09.09565"N 110°53'47.22654"W 2458.173 783,092.302 315,781.859 

1. East CZ1866 CAMPBELL 32°19'28.04651"N 110°55'39.65881"W 2678.976 827,413.755 305,924.157 

1. East CZ1991 CENTER 32°22'57.90896"N 111°17'06.63560"W 1912.254 848,322.308 195,452.469 

1. East AH8498 COT1 A 32°13'12.44954"N 110°57'47.41192"W 2310.899 789,404.970 295,115.211 

1. East AH8499 COT1 B 32°13'38.87487"N 110°58'18.70770"W 2272.470 792,064.954 292,415.630 

1. East CZ0814 D 296 32°07'46.89459"N 111°10'59.94141"W 2329.577 756,293.488 227,088.200 

1. East CZ2380 D 61 32°11'57.97686"N 110°53'16.16426"W 2483.806 781,981.170 318,456.598 

1. East CG1078 ESPERANZA 31°49'34.24010"N 111°04'40.21219"W 3719.711 645,942.190 260,076.611 

1. East CZ2381 F 294 RESET 32°26'20.59616"N 111°18'15.52730"W 1832.146 868,802.871 189,525.668 

1. East CZ1438 F 424 32°29'04.00085"N 111°14'48.83086"W 1849.311 885,339.470 207,218.517 

1. East CZ2518 FAA E14 A 32°24'30.65710"N 111°12'58.37386"W 1927.356 857,726.335 216,728.678 

1. East CZ2519 FAA E14 B 32°24'14.98473"N 111°12'40.05445"W 1931.693 856,145.005 218,302.197 

1. East CZ2382 FD 62 32°17'38.02702"N 111°03'21.20548"W 2247.172 816,142.768 266,349.746 

1. East CZ1834 FLATO 32°02'49.17409"N 110°54'53.86998"W 2632.241 726,474.397 310,310.650 

1. East CZ1990 GLO E 2 32°27'03.71166"N 111°18'45.14000"W 1838.225 873,158.579 186,983.945 

1. East CZ2384 GPS 32 32°20'56.00078"N 111°13'52.99681"W 2007.051 836,022.648 212,079.383 

1. East CZ2385 GPS 33 32°15'46.41924"N 111°14'41.17929"W 2098.796 804,726.369 207,990.751 

1. East CZ2386 GPS 44 32°10'29.85846"N 111°10'08.43692"W 2283.199 772,773.481 231,482.383 

1. East CZ2387 GPS SA 115 32°02'29.54467"N 110°46'26.15925"W 2984.751 724,716.557 354,027.553 

1. East CZ1956 GRISWOLD 32°22'55.87663"N 111°04'50.79245"W 2214.688 848,244.777 258,562.974 

1. East CG1152 GUARD 31°57'46.25105"N 110°45'09.48494"W 3338.245 696,123.150 360,800.903 

1. East CZ0522 H 140 32°23'45.85422"N 111°07'24.30689"W 1993.638 853,259.527 245,383.625 

1. East CZ0697 H 292 32°19'15.17455"N 111°15'07.39818"W 2016.608 825,822.465 205,709.998 

1. East CZ0749 H 301 32°14'47.85891"N 111°17'45.32462"W 2122.733 798,788.489 192,182.345 

1. East CZ0547 JAYNES 32°19'25.13531"N 111°03'03.79156"W 2121.322 826,973.257 267,809.440 

1. East CG0402 KING 31°58'58.27756"N 111°22'24.99597"W 2690.837 702,800.409 168,183.643 

1. East* CZ2520 KITT ROAD 32°01'21.17835"N 111°34'36.65914"W 3161.962 717,287.292 105,180.796 

1. East CZ0219 L 75 32°03'19.51303"N 110°57'13.52208"W 2507.011 729,488.650 298,276.266 

1. East CZ0589 L 94 32°27'43.04869"N 111°21'12.94327"W 1818.645 877,126.675 174,315.328 
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PCCS zone 
NGS  
PID 

Station designation  
(and CORS ID if applicable) 

Latitude Longitude 
Ellipsoid 
ht (ift) 

Northing  
(ift) 

Easting  
(ift) 

1. East CZ1974 LAVA KNOLL 32°01'50.63738"N 111°01'00.75530"W 2837.290 720,430.575 278,749.230 

1. East CG1153 LINE 31°57'27.42792"N 110°51'30.00492"W 2820.348 694,039.448 328,023.827 

1. East DK7532 MACKENZIE 32°04'39.33760"N 110°27'07.24057"W 3847.001 738,567.296 453,681.703 

1. East CZ2410 MAGNETIC AZ MK 32°14'46.45730"N 110°50'06.10402"W 2454.754 799,091.837 334,700.304 

1. East CZ1810 MERCER 32°18'47.93540"N 110°44'47.84561"W 3703.474 823,654.126 361,887.857 

1. East CZ1978 MISS 32°06'07.50094"N 111°15'00.19916"W 2399.800 746,212.590 206,439.028 

1. East CZ1490 N 419 32°12'48.50854"N 110°59'17.66571"W 2280.892 786,954.522 287,369.976 

1. East CZ2516 NN   43 32°00'03.73695"N 110°57'06.02000"W 2564.259 709,704.338 299,004.518 

1. East CG1204 NN   44 31°59'44.57812"N 110°57'08.13725"W 2569.419 707,767.208 298,830.226 

1. East CZ2517 NN   45 32°00'01.86035"N 111°00'06.12413"W 2734.285 709,453.647 283,493.562 

1. East CG1205 NN   46 31°59'47.32966"N 111°00'14.48299"W 2763.645 707,982.387 282,779.046 

1. East CG1206 NN   48 31°57'27.52901"N 110°59'43.68811"W 2803.123 693,862.734 285,484.498 

1. East CG1207 NN   50 31°57'28.08905"N 110°54'36.01906"W 2675.043 694,029.445 311,995.175 

1. East CG1208 NN   51 31°57'27.93918"N 110°54'14.33466"W 2688.543 694,022.855 313,863.726 

1. East CG1210 NN   54 31°53'41.46180"N 110°57'53.57217"W 2691.342 671,051.353 295,065.085 

1. East CG1212 NN   56 31°53'47.69449"N 111°00'09.05350"W 2891.404 671,636.211 283,380.744 

1. East CG1213 NN   58 31°51'21.33584"N 111°00'45.68665"W 2942.031 656,832.498 280,275.124 

1. East CG1214 NN   59 31°51'34.54708"N 111°00'56.81675"W 2971.768 658,164.307 279,310.266 

1. East CG1215 NN   60 31°50'31.11354"N 110°57'40.64518"W 2892.379 651,817.630 296,257.913 

1. East CG1216 NN   61 31°50'41.01709"N 110°57'53.90777"W 2871.463 652,813.940 295,109.640 

1. East CG1217 NN   63 31°48'55.47752"N 110°57'36.28354"W 2988.484 642,153.373 296,673.563 

1. East CG1218 NN   64 31°48'49.78523"N 110°57'16.91700"W 3024.032 641,584.905 298,347.284 

1. East CG1219 NN   65 31°49'12.65641"N 111°01'31.25000"W 2993.835 643,813.257 276,389.770 

1. East CG1220 NN   66 31°48'51.88733"N 111°01'40.70550"W 2987.159 641,711.352 275,581.013 

1. East CG1222 NN   69 31°46'02.14191"N 111°02'38.61049"W 3011.690 624,538.758 270,640.086 

1. East CG1226 NN   74 31°44'27.38082"N 111°00'59.65821"W 3015.046 614,990.595 279,218.063 

1. East CZ2411 NN 02 32°25'24.95251"N 111°03'39.95240"W 2542.346 863,331.046 264,590.904 

1. East CZ2412 NN 03 32°25'25.89925"N 111°03'21.09768"W 2571.047 863,431.896 266,206.948 

1. East CZ2413 NN 04 32°27'32.71405"N 110°58'10.58294"W 2874.137 876,345.931 292,774.620 

1. East CZ2414 NN 05 32°27'28.66170"N 110°57'50.44248"W 2875.528 875,943.339 294,502.184 

1. East CZ2415 NN 06 32°20'14.67069"N 111°03'44.94026"W 2110.197 831,968.590 264,262.224 

1. East CZ2416 NN 07 32°20'15.24245"N 111°03'26.27577"W 2125.148 832,031.467 265,863.605 
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PCCS zone 
NGS  
PID 

Station designation  
(and CORS ID if applicable) 

Latitude Longitude 
Ellipsoid 
ht (ift) 

Northing  
(ift) 

Easting  
(ift) 

1. East CZ2417 NN 09 32°25'32.41879"N 110°57'40.01535"W 2686.506 864,197.900 295,443.967 

1. East CZ2418 NN 10 32°25'44.49964"N 110°57'53.19916"W 2719.990 865,414.333 294,308.820 

1. East AI1931 NN 100 32°07'05.68425"N 111°13'01.91663"W 2342.169 752,108.880 216,604.897 

1. East CZ2419 NN 11 32°14'59.54309"N 111°03'44.91653"W 2502.913 800,118.070 264,364.634 

1. East CZ2521 NN 115 32°19'05.50509"N 111°09'18.88171"W 2443.035 824,899.956 235,623.270 

1. East CZ2522 NN 116 32°19'09.70175"N 111°09'41.79232"W 2416.919 825,319.688 233,655.991 

1. East CZ2420 NN 12 32°15'13.55563"N 111°03'41.70101"W 2447.136 801,535.207 264,636.345 

1. East CZ2523 NN 120 32°24'10.09656"N 111°10'16.98309"W 1970.118 855,674.849 230,570.931 

1. East CZ2524 NN 121 32°24'09.19297"N 111°09'54.77206"W 1974.016 855,587.640 232,475.647 

1. East AI1932 NN 127 32°22'51.73007"N 110°57'49.13640"W 2554.390 847,953.382 294,728.352 

1. East CZ2421 NN 13 32°20'13.28158"N 110°57'36.30279"W 2584.390 831,943.089 295,894.918 

1. East CZ2525 NN 137 32°17'23.34925"N 111°03'50.55354"W 2308.120 814,651.260 263,834.886 

1. East CZ2526 NN 138 32°17'38.48976"N 111°03'47.91685"W 2244.170 816,182.249 264,056.444 

1. East CZ2422 NN 14 32°20'14.98328"N 110°57'18.13275"W 2613.409 832,121.532 297,453.348 

1. East CZ2423 NN 16 32°12'25.51849"N 111°00'46.78831"W 2386.211 784,602.360 279,720.466 

1. East CZ2424 NN 17 32°12'25.81696"N 111°00'18.77147"W 2387.379 784,641.306 282,127.883 

1. East AI1933 NN 171 32°17'41.89934"N 110°45'14.28652"W 2663.990 816,965.928 359,658.745 

1. East AI1934 NN 183 31°57'46.19692"N 110°43'25.94168"W 3515.879 696,172.607 369,722.542 

1. East CZ2425 NN 19 32°15'01.86297"N 110°57'40.01108"W 2311.555 800,466.121 295,705.776 

1. East CZ2426 NN 20 32°14'59.09283"N 110°57'22.92980"W 2322.333 800,192.184 297,174.055 

1. East CZ2427 NN 21 32°12'25.31720"N 110°55'05.36042"W 2406.811 784,700.952 309,059.978 

1. East CZ2428 NN 22 32°12'25.91371"N 110°54'38.42416"W 2420.522 784,771.733 311,374.380 

1. East CZ2429 NN 23 32°17'44.18935"N 110°53'34.94464"W 2549.478 816,965.692 316,676.932 

1. East CZ2430 NN 24 32°18'00.80275"N 110°53'33.02229"W 2578.205 818,645.622 316,833.996 

1. East CZ2431 NN 25 32°19'27.49623"N 110°51'04.99245"W 2860.781 827,470.644 329,496.435 

1. East CZ2432 NN 26 32°07'08.29848"N 110°48'42.83487"W 2783.455 752,823.777 342,106.932 

1. East CZ2433 NN 30 32°19'10.33677"N 110°51'02.51409"W 2791.329 825,737.392 329,718.039 

1. East CZ2434 NN 31 32°07'08.25899"N 110°48'25.44219"W 2794.925 752,828.025 343,602.989 

1. East CZ2435 NN 32 32°12'22.23662"N 110°48'21.60985"W 2604.285 784,563.857 343,756.687 

1. East CZ2436 NN 33 32°12'24.00541"N 110°48'34.77304"W 2591.184 784,736.374 342,624.554 

1. East CZ2437 NN 34 32°17'41.73593"N 110°48'03.35153"W 2547.697 816,864.901 345,144.866 

1. East CZ2438 NN 35 32°17'41.26647"N 110°47'36.71377"W 2549.203 816,830.343 347,431.947 
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PCCS zone 
NGS  
PID 

Station designation  
(and CORS ID if applicable) 

Latitude Longitude 
Ellipsoid 
ht (ift) 

Northing  
(ift) 

Easting  
(ift) 

1. East CZ2439 NN 38 32°15'07.09104"N 110°42'05.18518"W 2686.831 801,421.274 375,995.058 

1. East CZ2440 NN 39 32°15'41.65569"N 110°42'13.65043"W 2765.781 804,910.041 375,245.236 

1. East CG1209 NN 53 31°53'57.02374"N 110°57'46.61658"W 2686.877 672,626.604 295,658.467 

1. East CG1211 NN 55 31°53'38.73151"N 111°00'24.28610"W 2931.099 670,725.524 282,070.624 

1. East CG1221 NN 68 31°46'10.61814"N 111°03'00.59462"W 3037.579 625,389.253 268,739.088 

1. East CG1223 NN 70 31°46'01.44768"N 111°00'12.54097"W 2953.255 624,512.368 283,252.834 

1. East CG1224 NN 71 31°45'48.36006"N 111°00'18.16101"W 2969.452 623,187.857 282,772.387 

1. East CG1225 NN 73 31°44'08.85908"N 111°01'08.39400"W 3036.644 613,115.986 278,470.121 

1. East AI1935 NN 76 32°30'39.55471"N 110°55'34.25962"W 3080.285 895,287.369 306,086.645 

1. East CZ2527 NN 82 32°30'04.82120"N 111°22'24.40689"W 1762.684 891,454.299 168,188.052 

1. East CZ2528 NN 83 32°30'03.79177"N 111°22'50.90279"W 1779.140 891,349.775 165,918.598 

1. East CZ2529 NN 84 32°30'04.41282"N 111°18'15.64775"W 1797.172 891,425.092 189,495.202 

1. East CZ2530 NN 85 32°29'41.71369"N 111°18'15.62897"W 1798.960 889,130.772 189,498.852 

1. East CZ2531 NN 86 32°25'34.27902"N 111°15'53.49751"W 1878.586 864,134.504 201,705.274 

1. East CZ2532 NN 88 32°24'47.96540"N 111°22'53.99871"W 1995.400 859,427.643 165,658.782 

1. East CZ2533 NN 90 32°21'06.02372"N 111°13'36.71225"W 2013.150 837,037.921 213,474.920 

1. East CZ2534 NN 91 32°21'05.64485"N 111°14'00.03936"W 1996.266 836,996.455 211,473.634 

1. East CZ2535 NN 92 32°14'53.08645"N 111°15'09.74475"W 2117.687 799,332.496 205,544.990 

1. East CZ2536 NN 93 32°14'53.81519"N 111°15'32.83716"W 2115.482 799,403.486 203,561.427 

1. East CZ2537 NN 94 32°14'49.46547"N 111°10'05.32740"W 2819.377 799,012.734 231,692.982 

1. East CZ2538 NN 95 32°14'36.04877"N 111°09'44.23144"W 2771.699 797,660.660 233,507.995 

1. East CG1227 OVER 31°57'28.71447"N 110°59'17.45676"W 2776.699 693,991.111 287,744.314 

1. East CZ0174 PA 4 32°00'05.22273"N 110°59'40.57541"W 2700.269 709,801.696 285,692.703 

1. East CZ2388 PARK 32°22'25.84405"N 111°02'01.73849"W 2350.308 845,255.733 273,072.416 

1. East CZ2389 PHIPPS 32°11'15.66034"N 110°46'20.68906"W 2801.299 777,894.196 354,187.176 

1. East CZ1824 POST 32°10'38.13428"N 110°43'47.50878"W 3040.689 774,181.187 367,376.800 

1. East CZ1617 Q 94 32°24'32.32200"N 111°13'35.29883"W 1916.096 857,889.334 213,562.418 

1. East CG1154 RAIL 31°57'26.37517"N 110°57'20.94258"W 2608.947 693,794.574 297,784.927 

1. East CG0302 RESERVE 31°49'09.39123"N 110°55'07.58667"W 3209.347 643,614.297 309,499.997 

1. East CG1069 RITA 31°55'04.18963"N 110°54'49.99803"W 2774.774 679,480.184 310,856.291 

1. East CZ1988 ROSKRUGE 32°10'15.53468"N 111°22'50.76664"W 3643.425 771,249.458 165,951.649 

1. East AC6837 RYN A 32°08'38.42165"N 111°10'05.92369"W 2300.315 761,511.013 231,722.723 
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PCCS zone 
NGS  
PID 

Station designation  
(and CORS ID if applicable) 

Latitude Longitude 
Ellipsoid 
ht (ift) 

Northing  
(ift) 

Easting  
(ift) 

1. East AC6838 RYN B 32°08'25.97689"N 111°10'46.73232"W 2297.684 760,245.840 228,216.137 

1. East AC6836 RYN C 32°08'32.91902"N 111°10'27.93122"W 2300.863 760,950.835 229,831.447 

1. East CZ2390 SA 105 32°17'29.97784"N 111°19'17.31578"W 2048.074 815,167.368 184,268.870 

1. East CG1155 SC 30 31°59'12.21907"N 110°54'07.71004"W 2644.669 704,565.000 314,385.787 

1. East CG1087 SOPORI 31°43'49.01347"N 111°06'54.76680"W 3156.037 611,018.565 248,557.391 

1. East CZ0850 STEVE 32°27'38.16140"N 111°12'43.33089"W 1892.874 876,680.382 217,985.230 

1. East CZ1832 SUNDT 32°07'07.29549"N 110°46'19.84563"W 2861.923 752,792.153 354,406.777 

1. East CZ2392 SUNNY 32°14'50.13901"N 110°51'27.98715"W 2395.909 799,427.573 327,665.099 

1. East CZ2394 THOR 32°25'26.96974"N 111°02'47.03711"W 2598.343 863,549.617 269,126.478 

1. East DK7534 TRAIN 31°59'14.72016"N 110°27'13.39324"W 3918.094 705,752.961 453,442.027 

1. East CZ2395 TUC 32°18'34.60873"N 110°47'04.77687"W 2869.547 822,237.418 350,142.655 

1. East AC6839 TUS A 32°06'32.76434"N 110°55'34.46876"W 2545.427 749,057.066 306,716.088 

1. East AC6998 TUS AP STA A 32°07'45.24246"N 110°57'21.20748"W 2457.566 756,343.182 297,503.663 

1. East AC6841 TUS B 32°07'52.01210"N 110°57'28.03220"W 2453.028 757,024.967 296,913.882 

1. East CG1070 TWIN BUTTES 31°54'42.32373"N 111°02'42.67625"W 3644.875 677,111.342 270,116.592 

1. East CZ1850 WARNER 32°12'36.96780"N 110°59'32.20121"W 2804.167 785,783.313 286,125.444 

1. East CZ2396 WR 52 32°15'20.12045"N 110°57'17.86901"W 2299.026 802,319.279 297,599.900 

1. East CZ2397 WR 53 32°08'43.40304"N 110°55'15.88784"W 2505.633 762,267.862 308,255.552 

1. East CZ0577 X 293 32°25'43.02457"N 111°16'10.04470"W 1875.472 865,016.695 200,285.699 

1. East CZ0652 X 294 32°24'56.17233"N 111°22'19.84002"W 1931.991 860,257.776 168,587.225 

1. East CZ0216 X 333 32°04'47.35356"N 110°57'30.09138"W 2495.486 738,360.783 296,813.569 

1. East CZ0209 XAVIER 32°05'38.54768"N 110°57'34.81248"W 2491.312 743,533.301 296,386.094 

2. Central* CZ2520 KITT ROAD 32°01'21.17835"N 111°34'36.65914"W 3161.962 1,281,563.192 1,982,826.302 

2. Central DA0299 M 91 32°29'45.51290"N 112°08'15.88021"W 1966.683 1,453,321.335 1,808,918.560 

2. Central CG1228 NASA KPVLBA 31°57'17.88127"N 111°36'46.82957"W 6210.863 1,256,914.560 1,971,743.940 

3. West DL7707 ORGAN_PIPEAZ2007 CORS ARP (P001) 31°56'57.74263"N 112°48'06.08425"W 1560.318 163,675.449 713,217.597 

3. West DA0334 DUST 32°18'17.42692"N 112°45'34.56723"W 1603.392 293,053.008 725,784.970 

4. Mt Lemmon AI1947 CATALINA 2 RESET 2 32°26'34.66314"N 110°47'18.52240"W 9068.274 86,791.000 18,124.274 

* Station “KITT ROAD” (CZ2520) has coordinates given for both PCCS zones 1 (East) and 2 (Central).
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B. PCCS distortion for NGS NAD 83 (2011) epoch 2010.00 control 

Table B-1.  PCCS projection distortion computed for NGS NAD 83 (2011) epoch 2010.00 control. 

PCCS zone 
NGS  
PID 

Station designation  
(and CORS ID if applicable) 

Linear distortion Grid point 
scale factor 

Height scale 
factor 

Combined 
scale factor 

Convergence 
angle (ppm) (ft/mi) (ratio) 

1. East DF7063 CITY OF TUCSON 2 CORS ARP (COT2) 9.274 0.0490 1 : 107,827 1.000128566 0.999880724 1.000009274 +0°18'16.7" 

1. East DN9197 KBC LIBRARY CORS ARP (AZBR) 9.590 0.0506 1 : 104,279 1.000128814 0.999880791 1.000009590 +0°19'14.0" 

1. East DM2672 PIMA COMM COLLEGE CORS ARP (PIMA) 6.861 0.0362 1 : 145,743 1.000119056 0.999887819 1.000006861 +0°12'14.1" 

1. East DL7716 SAHUARITA_AZ2007 CORS ARP (P014) -36.240 -0.1913 1 : 27,594 1.000131587 0.999832195 0.999963760 +0°09'36.6" 

1. East DM7127 SOPORI ELEM SCH CORS ARP (AZAM) 12.550 0.0663 1 : 79,678 1.000158562 0.999854012 1.000012550 +0°10'23.8" 

1. East DM7129 SYCAMORE ELEM SCH CORS ARP (AZVA) 3.611 0.0191 1 : 276,896 1.000162372 0.999841266 1.000003611 +0°20'07.9" 

1. East AI3680 TUCSON CORS ARP (COT1) 6.192 0.0327 1 : 161,508 1.000121455 0.999884750 1.000006192 +0°13'44.2" 

1. East CZ0489 171+82 20.670 0.1091 1 : 48,380 1.000110358 0.999910322 1.000020670 +0°05'39.4" 

1. East CZ0496 272+10 18.763 0.0991 1 : 53,297 1.000110067 0.999908705 1.000018763 +0°06'27.4" 

1. East CZ0503 328+76.0 18.190 0.0960 1 : 54,976 1.000110005 0.999908195 1.000018190 +0°06'54.5" 

1. East CZ2373 5 DOR 7.277 0.0384 1 : 137,425 1.000143812 0.999863485 1.000007277 +0°19'21.6" 

1. East CZ2375 938+00 5.479 0.0289 1 : 182,518 1.000111800 0.999893691 1.000005479 +0°05'45.5" 

1. East CZ2376 AF 14 19.282 0.1018 1 : 51,861 1.000110151 0.999909141 1.000019282 +0°03'45.0" 

1. East CZ2377 AF 17 15.623 0.0825 1 : 64,007 1.000110027 0.999905606 1.000015623 +0°02'30.5" 

1. East AC6840 ARP 3 TUS 11.169 0.0590 1 : 89,533 1.000130507 0.999880678 1.000011169 +0°14'38.7" 

1. East CZ2378 AV 25 7.867 0.0415 1 : 127,116 1.000114485 0.999893395 1.000007867 +0°05'51.9" 

1. East DG7478 AVQB 18.516 0.0978 1 : 54,008 1.000110026 0.999908500 1.000018516 +0°05'35.3" 

1. East CZ0058 C 317 9.021 0.0476 1 : 110,854 1.000132135 0.999876902 1.000009021 +0°16'28.6" 

1. East CZ2379 C 45 9.430 0.0498 1 : 106,048 1.000127074 0.999882371 1.000009430 +0°16'09.5" 

1. East CZ1866 CAMPBELL -10.166 -0.0537 1 : 98,366 1.000118041 0.999871808 0.999989834 +0°15'10.7" 

1. East CZ1991 CENTER 18.578 0.0981 1 : 53,826 1.000110095 0.999908494 1.000018578 +0°03'40.9" 

1. East AH8498 COT1 A 11.560 0.0610 1 : 86,506 1.000122156 0.999889418 1.000011560 +0°14'01.0" 

1. East AH8499 COT1 B 12.521 0.0661 1 : 79,865 1.000121278 0.999891257 1.000012521 +0°13'44.3" 

1. East CZ0814 D 296 5.538 0.0292 1 : 180,570 1.000117028 0.999888523 1.000005538 +0°06'55.9" 

1. East CZ2380 D 61 8.960 0.0473 1 : 111,610 1.000127831 0.999881144 1.000008960 +0°16'26.1" 

1. East CG1078 ESPERANZA -31.042 -0.1639 1 : 32,215 1.000146977 0.999822007 0.999968958 +0°10'13.6" 

1. East CZ2381 F 294 RESET 23.201 0.1225 1 : 43,102 1.000110883 0.999912327 1.000023201 +0°03'03.8" 
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PCCS zone 
NGS  
PID 

Station designation  
(and CORS ID if applicable) 

Linear distortion Grid point 
scale factor 

Height scale 
factor 

Combined 
scale factor 

Convergence 
angle (ppm) (ft/mi) (ratio) 

1. East CZ1438 F 424 22.328 0.1179 1 : 44,786 1.000110832 0.999911506 1.000022328 +0°04'54.5" 

1. East CZ2518 FAA E14 A 17.762 0.0938 1 : 56,301 1.000110001 0.999907771 1.000017762 +0°05'53.8" 

1. East CZ2519 FAA E14 B 17.556 0.0927 1 : 56,960 1.000110003 0.999907564 1.000017556 +0°06'03.6" 

1. East CZ2382 FD 62 7.114 0.0376 1 : 140,563 1.000114659 0.999892468 1.000007114 +0°11'02.7" 

1. East CZ1834 FLATO 12.708 0.0671 1 : 78,689 1.000138685 0.999874040 1.000012708 +0°15'31.2" 

1. East CZ1990 GLO E 2 23.247 0.1227 1 : 43,016 1.000111221 0.999912037 1.000023247 +0°02'47.9" 

1. East CZ2384 GPS 32 14.095 0.0744 1 : 70,949 1.000110148 0.999903958 1.000014095 +0°05'24.5" 

1. East CZ2385 GPS 33 10.627 0.0561 1 : 94,097 1.000111072 0.999899567 1.000010627 +0°04'58.5" 

1. East CZ2386 GPS 44 6.308 0.0333 1 : 158,519 1.000115578 0.999890743 1.000006308 +0°07'23.8" 

1. East CZ2387 GPS SA 115 8.677 0.0458 1 : 115,244 1.000151525 0.999857174 1.000008677 +0°20'03.0" 

1. East CZ1956 GRISWOLD 5.461 0.0288 1 : 183,124 1.000111450 0.999894023 1.000005461 +0°10'15.2" 

1. East CG1152 GUARD 3.382 0.0179 1 : 295,722 1.000163147 0.999840260 1.000003382 +0°20'42.2" 

1. East CZ0522 H 140 15.180 0.0802 1 : 65,876 1.000110591 0.999904600 1.000015180 +0°08'52.9" 

1. East CZ0697 H 292 13.716 0.0724 1 : 72,909 1.000110226 0.999903500 1.000013716 +0°04'44.7" 

1. East CZ0749 H 301 9.049 0.0478 1 : 110,515 1.000110638 0.999898421 1.000009049 +0°03'20.0" 

1. East CZ0547 JAYNES 12.219 0.0645 1 : 81,838 1.000113741 0.999898490 1.000012219 +0°11'12.3" 

1. East CG0402 KING -12.421 -0.0656 1 : 80,511 1.000116358 0.999871236 0.999987579 +0°00'49.4" 

1. East* CZ2520 KITT ROAD -40.876 -0.2158 1 : 24,464 1.000110446 0.999848695 0.999959124 –0°05'39.1" 

1. East CZ0219 L 75 14.974 0.0791 1 : 66,782 1.000134958 0.999880032 1.000014974 +0°14'16.6" 

1. East CZ0589 L 94 25.222 0.1332 1 : 39,647 1.000112259 0.999912974 1.000025222 +0°01'28.7" 

1. East CZ1974 LAVA KNOLL -3.271 -0.0173 1 : 305,730 1.000132518 0.999864229 0.999996729 +0°12'14.7" 

1. East CG1153 LINE 17.997 0.0950 1 : 55,565 1.000152979 0.999865039 1.000017997 +0°17'18.4" 

1. East DK7532 MACKENZIE -1.911 -0.0101 1 : 523,171 1.000182200 0.999815922 0.999998089 +0°30'26.5" 

1. East CZ2410 MAGNETIC AZ MK 10.176 0.0537 1 : 98,272 1.000127656 0.999882535 1.000010176 +0°18'08.9" 

1. East CZ1810 MERCER -49.042 -0.2589 1 : 20,391 1.000128188 0.999822793 0.999950958 +0°21'01.0" 

1. East CZ1978 MISS 0.901 0.0048 1 : 1,110,303 1.000115751 0.999885163 1.000000901 +0°04'47.4" 

1. East CZ1490 N 419 12.128 0.0640 1 : 82,451 1.000121288 0.999890853 1.000012128 +0°13'12.5" 

1. East CZ2516 NN   43 17.378 0.0918 1 : 57,543 1.000140103 0.999877293 1.000017378 +0°14'19.6" 

1. East CG1204 NN   44 17.596 0.0929 1 : 56,832 1.000140567 0.999877046 1.000017596 +0°14'18.4" 

1. East CZ2517 NN   45 5.369 0.0283 1 : 186,257 1.000136229 0.999869157 1.000005369 +0°12'43.3" 
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PCCS zone 
NGS  
PID 

Station designation  
(and CORS ID if applicable) 

Linear distortion Grid point 
scale factor 

Height scale 
factor 

Combined 
scale factor 

Convergence 
angle (ppm) (ft/mi) (ratio) 

1. East CG1205 NN   46 4.150 0.0219 1 : 240,983 1.000136415 0.999867753 1.000004150 +0°12'38.8" 

1. East CG1206 NN   48 6.560 0.0346 1 : 152,444 1.000140716 0.999865863 1.000006560 +0°12'54.5" 

1. East CG1207 NN   50 20.072 0.1060 1 : 49,820 1.000148100 0.999871991 1.000020072 +0°15'38.9" 

1. East CG1208 NN   51 19.982 0.1055 1 : 50,045 1.000148656 0.999871345 1.000019982 +0°15'50.5" 

1. East CG1210 NN   54 21.099 0.1114 1 : 47,396 1.000149908 0.999871211 1.000021099 +0°13'52.0" 

1. East CG1212 NN   56 7.903 0.0417 1 : 126,539 1.000146285 0.999861638 1.000007903 +0°12'39.7" 

1. East CG1213 NN   58 8.930 0.0471 1 : 111,987 1.000149735 0.999859215 1.000008930 +0°12'19.3" 

1. East CG1214 NN   59 6.817 0.0360 1 : 146,694 1.000149045 0.999857793 1.000006817 +0°12'13.4" 

1. East CG1215 NN   60 17.891 0.0945 1 : 55,893 1.000156322 0.999861591 1.000017891 +0°13'57.6" 

1. East CG1216 NN   61 18.196 0.0961 1 : 54,956 1.000155626 0.999862592 1.000018196 +0°13'50.6" 

1. East CG1217 NN   63 16.633 0.0878 1 : 60,123 1.000159663 0.999856992 1.000016633 +0°13'59.3" 

1. East CG1218 NN   64 15.690 0.0828 1 : 63,733 1.000160422 0.999855291 1.000015690 +0°14'09.6" 

1. East CG1219 NN   65 9.253 0.0489 1 : 108,074 1.000152539 0.999856736 1.000009253 +0°11'54.2" 

1. East CG1220 NN   66 9.977 0.0527 1 : 100,231 1.000152943 0.999857056 1.000009977 +0°11'49.0" 

1. East CG1222 NN   69 12.724 0.0672 1 : 78,594 1.000156865 0.999855881 1.000012724 +0°11'17.0" 

1. East CG1226 NN   74 18.688 0.0987 1 : 53,510 1.000162992 0.999855720 1.000018688 +0°12'09.0" 

1. East CZ2411 NN 02 -10.692 -0.0565 1 : 93,524 1.000110975 0.999878346 0.999989308 +0°10'53.4" 

1. East CZ2412 NN 03 -11.993 -0.0633 1 : 83,383 1.000111047 0.999876973 0.999988007 +0°11'03.5" 

1. East CZ2413 NN 04 -25.720 -0.1358 1 : 38,881 1.000111823 0.999862473 0.999974280 +0°13'50.6" 

1. East CZ2414 NN 05 -25.646 -0.1354 1 : 38,992 1.000111963 0.999862406 0.999974354 +0°14'01.4" 

1. East CZ2415 NN 06 12.003 0.0634 1 : 83,313 1.000112992 0.999899022 1.000012003 +0°10'50.3" 

1. East CZ2416 NN 07 11.416 0.0603 1 : 87,595 1.000113121 0.999898307 1.000011416 +0°11'00.3" 

1. East CZ2417 NN 09 -15.659 -0.0827 1 : 63,860 1.000112906 0.999871449 0.999984341 +0°14'06.8" 

1. East CZ2418 NN 10 -17.450 -0.0921 1 : 57,306 1.000112717 0.999869847 0.999982550 +0°13'59.8" 

1. East AI1931 NN 100 4.159 0.0220 1 : 240,440 1.000116252 0.999887920 1.000004159 +0°05'50.6" 

1. East CZ2419 NN 11 -3.561 -0.0188 1 : 280,804 1.000116222 0.999880231 0.999996439 +0°10'49.7" 

1. East CZ2521 NN 115 -5.443 -0.0287 1 : 183,712 1.000111473 0.999883097 0.999994557 +0°07'51.2" 

1. East CZ2522 NN 116 -4.329 -0.0229 1 : 231,000 1.000111338 0.999884346 0.999995671 +0°07'39.0" 

1. East CZ2420 NN 12 -1.028 -0.0054 1 : 972,709 1.000116086 0.999882900 0.999998972 +0°10'51.4" 

1. East CZ2523 NN 120 15.842 0.0836 1 : 63,124 1.000110127 0.999905725 1.000015842 +0°07'20.3" 
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PCCS zone 
NGS  
PID 

Station designation  
(and CORS ID if applicable) 

Linear distortion Grid point 
scale factor 

Height scale 
factor 

Combined 
scale factor 

Convergence 
angle (ppm) (ft/mi) (ratio) 

1. East CZ2524 NN 121 15.692 0.0829 1 : 63,728 1.000110163 0.999905539 1.000015692 +0°07'32.2" 

1. East AI1932 NN 127 -7.933 -0.0419 1 : 126,051 1.000114311 0.999877770 0.999992067 +0°14'01.6" 

1. East CZ2421 NN 13 -7.494 -0.0396 1 : 133,441 1.000116187 0.999876334 0.999992506 +0°14'08.2" 

1. East CZ2525 NN 137 4.093 0.0216 1 : 244,344 1.000114554 0.999889552 1.000004093 +0°10'47.0" 

1. East CZ2526 NN 138 7.020 0.0371 1 : 142,448 1.000114421 0.999892611 1.000007020 +0°10'48.4" 

1. East CZ2422 NN 14 -8.717 -0.0460 1 : 114,716 1.000116352 0.999874945 0.999991283 +0°14'17.9" 

1. East CZ2423 NN 16 6.253 0.0330 1 : 159,924 1.000120453 0.999885814 1.000006253 +0°12'24.7" 

1. East CZ2424 NN 17 6.567 0.0347 1 : 152,284 1.000120822 0.999885758 1.000006567 +0°12'39.7" 

1. East AI1933 NN 171 1.617 0.0085 1 : 618,334 1.000129109 0.999872525 1.000001617 +0°20'46.5" 

1. East AI1934 NN 183 -1.979 -0.0104 1 : 505,404 1.000166288 0.999831762 0.999998021 +0°21'37.6" 

1. East CZ2425 NN 19 9.845 0.0520 1 : 101,577 1.000120471 0.999889387 1.000009845 +0°14'05.3" 

1. East CZ2426 NN 20 9.601 0.0507 1 : 104,161 1.000120743 0.999888871 1.000009601 +0°14'14.4" 

1. East CZ2427 NN 21 10.280 0.0543 1 : 97,274 1.000125466 0.999884829 1.000010280 +0°15'27.7" 

1. East CZ2428 NN 22 10.049 0.0531 1 : 99,510 1.000125891 0.999884173 1.000010049 +0°15'42.1" 

1. East CZ2429 NN 23 -0.836 -0.0044 1 : 1,196,179 1.000121175 0.999878004 0.999999164 +0°16'17.4" 

1. East CZ2430 NN 24 -2.453 -0.0130 1 : 407,692 1.000120933 0.999876629 0.999997547 +0°16'18.4" 

1. East CZ2431 NN 25 -15.358 -0.0811 1 : 65,111 1.000121549 0.999863110 0.999984642 +0°17'38.3" 

1. East CZ2432 NN 26 6.886 0.0364 1 : 145,223 1.000140098 0.999866806 1.000006886 +0°18'51.4" 

1. East CZ2433 NN 30 -11.715 -0.0619 1 : 85,360 1.000121869 0.999866432 0.999988285 +0°17'39.6" 

1. East CZ2434 NN 31 6.730 0.0355 1 : 148,588 1.000140491 0.999866258 1.000006730 +0°19'00.7" 

1. East CZ2435 NN 32 8.080 0.0427 1 : 123,760 1.000132717 0.999875380 1.000008080 +0°19'04.4" 

1. East CZ2436 NN 33 8.410 0.0444 1 : 118,899 1.000132420 0.999876007 1.000008410 +0°18'57.3" 

1. East CZ2437 NN 34 4.286 0.0226 1 : 233,304 1.000126213 0.999878089 1.000004286 +0°19'15.6" 

1. East CZ2438 NN 35 4.665 0.0246 1 : 214,382 1.000126663 0.999878017 1.000004665 +0°19'29.9" 

1. East CZ2439 NN 38 7.774 0.0410 1 : 128,634 1.000136360 0.999871431 1.000007774 +0°22'27.5" 

1. East CZ2440 NN 39 2.965 0.0157 1 : 337,244 1.000135329 0.999867654 1.000002965 +0°22'23.1" 

1. East CG1209 NN 53 21.016 0.1110 1 : 47,582 1.000149611 0.999871424 1.000021016 +0°13'55.8" 

1. East CG1211 NN 55 5.888 0.0311 1 : 169,834 1.000146170 0.999859739 1.000005888 +0°12'31.5" 

1. East CG1221 NN 68 10.588 0.0559 1 : 94,449 1.000155968 0.999854643 1.000010588 +0°11'05.4" 

1. East CG1223 NN 70 19.751 0.1043 1 : 50,629 1.000161097 0.999858677 1.000019751 +0°12'34.8" 
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PCCS zone 
NGS  
PID 

Station designation  
(and CORS ID if applicable) 

Linear distortion Grid point 
scale factor 

Height scale 
factor 

Combined 
scale factor 

Convergence 
angle (ppm) (ft/mi) (ratio) 

1. East CG1224 NN 71 19.265 0.1017 1 : 51,907 1.000161386 0.999857902 1.000019265 +0°12'31.7" 

1. East CG1225 NN 73 18.048 0.0953 1 : 55,408 1.000163385 0.999854687 1.000018048 +0°12'04.2" 

1. East AI1935 NN 76 -35.928 -0.1897 1 : 27,833 1.000111477 0.999852611 0.999964072 +0°15'14.9" 

1. East CZ2527 NN 82 29.611 0.1563 1 : 33,771 1.000113969 0.999915652 1.000029611 +0°00'50.2" 

1. East CZ2528 NN 83 29.033 0.1533 1 : 34,444 1.000114178 0.999914864 1.000029033 +0°00'36.0" 

1. East CZ2529 NN 84 26.187 0.1383 1 : 38,186 1.000112196 0.999914001 1.000026187 +0°03'03.5" 

1. East CZ2530 NN 85 25.942 0.1370 1 : 38,548 1.000112036 0.999913916 1.000025942 +0°03'03.5" 

1. East CZ2531 NN 86 20.383 0.1076 1 : 49,060 1.000110288 0.999910105 1.000020383 +0°04'20.0" 

1. East CZ2532 NN 88 16.160 0.0853 1 : 61,880 1.000111655 0.999904516 1.000016160 +0°00'34.9" 

1. East CZ2533 NN 90 13.810 0.0729 1 : 72,412 1.000110155 0.999903666 1.000013810 +0°05'33.2" 

1. East CZ2534 NN 91 14.583 0.0770 1 : 68,573 1.000110120 0.999904474 1.000014583 +0°05'20.7" 

1. East CZ2535 NN 92 9.874 0.0521 1 : 101,274 1.000111223 0.999898663 1.000009874 +0°04'43.2" 

1. East CZ2536 NN 93 9.873 0.0521 1 : 101,282 1.000111116 0.999898768 1.000009873 +0°04'30.8" 

1. East CZ2537 NN 94 -21.901 -0.1156 1 : 45,659 1.000113024 0.999865090 0.999978099 +0°07'26.0" 

1. East CZ2538 NN 95 -19.351 -0.1022 1 : 51,677 1.000113294 0.999867371 0.999980649 +0°07'37.2" 

1. East CG1227 OVER 8.392 0.0443 1 : 119,160 1.000141284 0.999867127 1.000008392 +0°13'08.5" 

1. East CZ0174 PA 4 7.452 0.0393 1 : 134,187 1.000136685 0.999870785 1.000007452 +0°12'57.0" 

1. East CZ2388 PARK 0.154 0.0008 1 : 6,477,244 1.000112633 0.999887534 1.000000154 +0°11'45.9" 

1. East CZ2389 PHIPPS 2.720 0.0144 1 : 367,700 1.000136784 0.999865954 1.000002720 +0°20'09.0" 

1. East CZ1824 POST -4.386 -0.0232 1 : 227,976 1.000141134 0.999854500 0.999995614 +0°21'31.1" 

1. East CZ1617 Q 94 18.311 0.0967 1 : 54,613 1.000110011 0.999908310 1.000018311 +0°05'34.0" 

1. East CG1154 RAIL 19.219 0.1015 1 : 52,031 1.000144084 0.999875154 1.000019219 +0°14'10.7" 

1. East CG0302 RESERVE 9.970 0.0526 1 : 100,301 1.000163570 0.999846425 1.000009970 +0°15'18.7" 

1. East CG1069 RITA 19.363 0.1022 1 : 51,645 1.000152164 0.999867219 1.000019363 +0°15'30.5" 

1. East CZ1988 ROSKRUGE -63.667 -0.3362 1 : 15,707 1.000110689 0.999825663 0.999936333 +0°00'36.8" 

1. East AC6837 RYN A 6.865 0.0362 1 : 145,673 1.000116954 0.999889923 1.000006865 +0°07'24.9" 

1. East AC6838 RYN B 6.711 0.0354 1 : 149,018 1.000116674 0.999890049 1.000006711 +0°07'03.0" 

1. East AC6836 RYN C 6.672 0.0352 1 : 149,891 1.000116787 0.999889897 1.000006672 +0°07'13.1" 

1. East CZ2390 SA 105 12.031 0.0635 1 : 83,120 1.000110047 0.999901994 1.000012031 +0°02'31.0" 

1. East CG1155 SC 30 19.158 0.1012 1 : 52,196 1.000145732 0.999873445 1.000019158 +0°15'54.7" 
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PCCS zone 
NGS  
PID 

Station designation  
(and CORS ID if applicable) 

Linear distortion Grid point 
scale factor 

Height scale 
factor 

Combined 
scale factor 

Convergence 
angle (ppm) (ft/mi) (ratio) 

1. East CG1087 SOPORI 3.053 0.0161 1 : 327,542 1.000154102 0.999848974 1.000003053 +0°08'59.9" 

1. East CZ0850 STEVE 19.612 0.1036 1 : 50,990 1.000110200 0.999909422 1.000019612 +0°06'01.8" 

1. East CZ1832 SUNDT 6.455 0.0341 1 : 154,912 1.000143423 0.999863052 1.000006455 +0°20'08.1" 

1. East CZ2392 SUNNY 11.541 0.0609 1 : 86,649 1.000126205 0.999885351 1.000011541 +0°17'24.9" 

1. East CZ2394 THOR -13.157 -0.0695 1 : 76,003 1.000111189 0.999875667 0.999986843 +0°11'21.8" 

1. East DK7534 TRAIN 8.536 0.0451 1 : 117,149 1.000196054 0.999812519 1.000008536 +0°30'20.4" 

1. East CZ2395 TUC -11.187 -0.0591 1 : 89,393 1.000126141 0.999862690 0.999988813 +0°19'47.3" 

1. East AC6839 TUS A 10.547 0.0557 1 : 94,814 1.000132368 0.999878195 1.000010547 +0°15'10.6" 

1. East AC6998 TUS AP STA A 11.174 0.0590 1 : 89,495 1.000128790 0.999882399 1.000011174 +0°14'13.7" 

1. East AC6841 TUS B 11.128 0.0588 1 : 89,862 1.000128527 0.999882616 1.000011128 +0°14'10.1" 

1. East CG1070 TWIN BUTTES -33.352 -0.1761 1 : 29,984 1.000141084 0.999825589 0.999966648 +0°11'18.1" 

1. East CZ1850 WARNER -12.923 -0.0682 1 : 77,381 1.000121276 0.999865817 0.999987077 +0°13'04.7" 

1. East CZ2396 WR 52 10.451 0.0552 1 : 95,687 1.000120478 0.999889986 1.000010451 +0°14'17.2" 

1. East CZ2397 WR 53 9.888 0.0522 1 : 101,129 1.000129805 0.999880099 1.000009888 +0°15'21.1" 

1. East CZ0577 X 293 20.594 0.1087 1 : 48,557 1.000110350 0.999910254 1.000020594 +0°04'11.1" 

1. East CZ0652 X 294 19.068 0.1007 1 : 52,444 1.000111529 0.999907550 1.000019068 +0°00'53.1" 

1. East CZ0216 X 333 13.116 0.0693 1 : 76,240 1.000132548 0.999880584 1.000013116 +0°14'08.2" 

1. East CZ0209 XAVIER 12.062 0.0637 1 : 82,906 1.000131294 0.999880784 1.000012062 +0°14'05.9" 

2. Central* CZ2520 KITT ROAD -23.047 -0.1217 1 : 43,389 1.000128277 0.999848695 0.999976953 +0°18'45.9" 

2. Central DA0299 M 91 -4.027 -0.0213 1 : 248,333 1.000090091 0.999905891 0.999995973 +0°00'55.9" 

2. Central CG1228 NASA KPVLBA -173.417 -0.9156 1 : 5,766 1.000123777 0.999702842 0.999826583 +0°17'34.9" 

3. West DL7707 ORGAN_PIPEAZ2007 CORS ARP (P001) -4.996 -0.0264 1 : 200,167 1.000069679 0.999925330 0.999995004 +0°11'35.3" 

3. West DA0334 DUST -3.616 -0.0191 1 : 276,537 1.000073118 0.999923272 0.999996384 +0°13'03.2" 

4. Mt Lemmon AI1947 CATALINA 2 RESET 2 -57.726 -0.3048 1 : 17,323 1.000376226 0.999566211 0.999942274 –0°01'10.3" 

* Station “KITT ROAD” (CZ2520) has distortion given for both PCCS zones 1 (East) and 2 (Central).



Appendix C 
 

35 

C. PCCS design point NAD 83 coordinates and linear distortion 

Table C-1.  PCCS design point NAD 83 coordinates and both PCCS and State Plane linear distortion. 

PCCS zone Point name Latitude Longitude 
Elpsd 
ht (ft) 

Linear distortion (ppm) 

PCCS SPCS 83 AZ C 

1. East Arivaca 31°34'29.8"N 111°20'02.7"W 3520 -17.9 -230.7 

1. East Arivaca Junction 31°44'20.3"N 111°04'25.6"W 3044 11.5 -167.0 

1. East Avra Valley 32°25'10.3"N 111°20'21.4"W 1843 22.9 -151.8 

1. East Casas Adobes 32°20'32.3"N 111°00'40.9"W 2321 3.2 -121.6 

1. East Catalina 32°29'05.7"N 110°53'58.7"W 2971 -29.5 -129.5 

1. East Catalina Foothills 32°18'14.7"N 110°53'00.7"W 2721 -9.1 -113.5 

1. East Corona de Tucson 31°56'58.1"N 110°47'01.1"W 3223 7.3 -112.8 

1. East Cortaro 32°21'22.1"N 111°05'23.6"W 2058 13.4 -123.8 

1. East Diamond Bell Ranch 31°58'24.3"N 111°16'56.4"W 3366 -40.3 -216.8 

1. East Dove Mountain 32°27'40.5"N 111°04'51.1"W 2726 -20.2 -154.3 

1. East Drexel Heights 32°08'44.7"N 111°02'52.3"W 2608 -2.5 -142.0 

1. East Elephant Head 31°45'57.1"N 110°59'31.4"W 3006 18.6 -149.3 

1. East Empire Ranch 31°45'11.0"N 110°37'39.9"W 4505 -4.6 -131.7 

1. East Flowing Wells 32°17'38.0"N 111°00'35.3"W 2173 12.2 -114.1 

1. East Flowing Wells 32°17'36.1"N 111°00'34.9"W 2174 12.2 -114.1 

1. East Green Valley 31°50'37.2"N 111°01'01.8"W 2963 8.9 -152.4 

1. East Littletown 32°07'49.8"N 110°52'22.1"W 2620 9.0 -105.8 

1. East Lohrum Subdivision 32°16'01.0"N 110°54'46.6"W 2304 11.6 -100.0 

1. East Manville Estates 32°17'55.8"N 111°20'33.6"W 2018 13.4 -160.5 

1. East Marana 32°26'12.3"N 111°13'31.4"W 1894 19.5 -138.5 

1. East Ocotillo Ranches 31°57'42.2"N 111°07'07.4"W 3658 -43.9 -204.9 

1. East Oro Valley 32°25'20.2"N 110°58'36.1"W 2673 -15.3 -131.6 

1. East Pantano 31°59'58.0"N 110°34'50.4"W 3452 12.6 -68.8 

1. East Picture Rocks 32°19'38.5"N 111°15'20.7"W 1995 14.7 -147.8 

1. East Pimaco Two 31°57'59.7"N 110°27'58.6"W 3987 6.9 -59.1 

1. East Puertocito 31°36'35.3"N 111°29'49.4"W 3344 -26.5 -240.5 

1. East Redington 32°25'39.3"N 110°29'35.3"W 2784 3.0 -12.3 

1. East Rincon Valley 32°06'36.2"N 110°41'20.0"W 2973 9.6 -76.8 

1. East Saguaro Monument Estates 32°10'24.6"N 110°44'25.0"W 2957 -0.9 -89.8 

1. East Sahuarita 31°55'57.9"N 110°57'55.3"W 2639 19.5 -126.5 

1. East Sasabe 31°29'19.8"N 111°32'35.1"W 3439 -23.7 -249.0 

1. East Sherwood Village Terrace 32°12'35.5"N 110°49'11.3"W 2521 10.8 -88.8 

1. East Silver Bell 32°23'00.3"N 111°30'02.4"W 2565 -9.1 -203.8 

1. East South Tucson 32°11'58.3"N 110°58'06.3"W 2325 11.9 -112.7 

1. East Summit 32°03'56.6"N 110°56'55.2"W 2531 13.3 -118.1 

1. East Tanque Verde 32°16'06.4"N 110°44'39.3"W 2574 8.7 -72.8 

1. East Three Points 32°04'37.1"N 111°18'53.1"W 2434 -1.9 -176.7 
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PCCS zone Point name Latitude Longitude 
Elpsd 
ht (ft) 

Linear distortion (ppm) 

PCCS SPCS 83 AZ C 

1. East Tucson 32°13'18.3"N 110°55'35.3"W 2390 9.6 -107.0 

1. East Tucson Estates 32°10'45.1"N 111°07'31.3"W 2414 1.5 -146.9 

1. East Vail 32°02'52.7"N 110°42'46.1"W 3135 6.7 -90.7 

1. East Valencia West 32°08'07.6"N 111°06'44.5"W 2383 5.7 -143.1 

2. Central Cowlic 31°48'31.2"N 111°59'24.7"W 1988 -1.7 -194.5 

2. Central Haivana Nakya 32°00'18.6"N 111°42'44.7"W 2753 -19.0 -227.1 

2. Central Maish Vaya 32°10'13.1"N 112°08'03.1"W 2456 -27.4 -212.3 

2. Central Nolic 32°02'03.1"N 111°57'18.1"W 2275 -13.9 -208.7 

2. Central North Komelik 32°30'28.2"N 111°56'53.7"W 1500 23.4 -171.7 

2. Central Pisinemo 32°02'16.3"N 112°19'15.7"W 1787 7.1 -167.5 

2. Central San Miguel 31°37'46.2"N 111°46'48.5"W 2366 -6.7 -211.2 

2. Central Santa Rosa 32°19'25.6"N 112°02'35.9"W 1710 9.8 -180.1 

2. Central Schuchk 32°07'17.3"N 111°41'06.1"W 2421 -0.4 -209.9 

2. Central Sells 31°55'12.9"N 111°52'39.1"W 2284 -10.1 -209.1 

2. Central Sil Nakya 32°13'19.3"N 111°49'04.3"W 2148 0.5 -201.7 

2. Central Ventana 32°28'05.0"N 112°14'36.4"W 2130 -11.3 -190.3 

2. Central Wahak Hotrontk 32°10'29.1"N 112°21'58.6"W 1832 6.7 -165.5 

3. West Ajo 32°22'19.1"N 112°51'44.3"W 1656 -14.1 -81.6 

3. West Ali Chuk 31°49'00.9"N 112°33'30.2"W 1632 17.8 -132.6 

3. West Charco 32°14'50.4"N 112°36'00.4"W 1991 -5.2 -144.1 

3. West Childs 32°27'09.9"N 112°50'42.9"W 1322 3.0 -69.3 

3. West Lukeville 31°52'57.9"N 112°49'01.7"W 1295 6.5 -72.5 

3. West Why 32°15'55.9"N 112°44'22.7"W 1683 -5.6 -106.4 

4. Mt Lemmon Loma Linda 32°26'53.3"N 110°45'18.3"W 7756 8.1 -324.0 

4. Mt Lemmon Soldier Camp 32°25'37.3"N 110°44'28.3"W 7631 1.6 -314.4 

4. Mt Lemmon Summerhaven 32°26'30.6"N 110°45'32.9"W 7632 10.3 -319.1 

4. Mt Lemmon Whitetail 32°24'44.4"N 110°43'52.0"W 8068 -28.0 -332.7 

4. Mt Lemmon Willow Canyon 32°23'17.3"N 110°42'03.6"W 6897 14.0 -268.7 

 


