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Low DistortionLow Distortion
 ProjectionsProjections

 for Surveying and GISfor Surveying and GIS



……and how we will get thereand how we will get there
The necessary nuisance of The necessary nuisance of map projectionsmap projections

•• An An essentialessential part of GPS surveying & mapping, and GISpart of GPS surveying & mapping, and GIS

Map projection distortion Map projection distortion —— what is it?  what is it?  

Methods for reducing map projection distortionMethods for reducing map projection distortion

•• The pitfalls of The pitfalls of ““modifiedmodified”” State PlaneState Plane

•• Design of Low Distortion Projections (Design of Low Distortion Projections (LDPsLDPs))

LDP design exampleLDP design example

Spatial data documentation (Spatial data documentation (metadata!metadata!))

Ask questions at any time!Ask questions at any time!

Where we are goingWhere we are going……



Why do we needWhy do we need 
to worry aboutto worry about 
coordinate systems?coordinate systems?

Because our society Because our society 
and economy are and economy are 

becoming increasingly becoming increasingly 
““spatially enabledspatially enabled””

iPooiPoo -- the GPS toilet locatorthe GPS toilet locator



Some questions to think aboutSome questions to think about
What is a What is a ““coordinate systemcoordinate system””??
•• Coordinate system Coordinate system 

= = map projectionmap projection + geodetic datum+ geodetic datum

What is the What is the purposepurpose of a map projection?of a map projection?

Should you define a projection for your local area?  If so, Should you define a projection for your local area?  If so, 
what kind would work best?what kind would work best?

Are you interested in Are you interested in directdirect importation of digital plats, importation of digital plats, 
plans, and asplans, and as--builtsbuilts into GIS?into GIS?

Can you have more than one coordinate system for an area Can you have more than one coordinate system for an area 
in a GIS?in a GIS?

What if you want a new coordinate system but have data in What if you want a new coordinate system but have data in 
some other coordinate system?some other coordinate system?

Why not just use State Plane?  Or UTM?  Or some other Why not just use State Plane?  Or UTM?  Or some other 
published projection?published projection?
•• And what about And what about ““modifiedmodified”” State PlaneState Plane……??



LetLet’’s think about State Planes think about State Plane
When was it created?When was it created?

Where was it first used?Where was it first used?

WhyWhy was it created?was it created?

Why and how is it used today?Why and how is it used today?
•• Advantages:  Standardized (and Advantages:  Standardized (and conformalconformal))

•• Several states have or are moving to singleSeveral states have or are moving to single--zone systemzone system

DisadvantagesDisadvantages
•• Distortion often too great for Distortion often too great for ““groundground”” distancesdistances

•• Often Often ““modifiedmodified”” to get to get ““groundground”” coordinatescoordinates

•• No standardized way to No standardized way to ““modifymodify””

•• ““ModificationModification”” will generally will generally NOTNOT minimize distortionminimize distortion



Map Projection Distortion
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Map Projection Distortion
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Map Projection Distortion
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Why bother with Why bother with LDPsLDPs??
Provides standardized method for minimizing Provides standardized method for minimizing 
distortion over largest area possibledistortion over largest area possible

Satisfies needs of both the surveying and GIS Satisfies needs of both the surveying and GIS 
communitiescommunities

Enables direct use of survey data in a GISEnables direct use of survey data in a GIS
•• ……without resorting to without resorting to ““rubbersheetingrubbersheeting”” acts of desperationacts of desperation

Reduces proliferation of local systemsReduces proliferation of local systems
•• Provides alternative for those who want (or need) Provides alternative for those who want (or need) ““groundground”” 

coordinatescoordinates

Facilitates data transferabilityFacilitates data transferability
•• Local data would be readily available to others (e.g., Local data would be readily available to others (e.g., 

emergency services, Homeland Security)emergency services, Homeland Security)



The ProblemThe Problem
Many users want a Many users want a ““lowlow--distortiondistortion”” map product map product 

•• That is, they want distances on the map to equal the That is, they want distances on the map to equal the 
true horizontal true horizontal ““groundground”” distancesdistances

•• Strictly speaking, this is impossibleStrictly speaking, this is impossible

No such thing as No such thing as ““groundground”” coordinatescoordinates

But distortion can be But distortion can be minimizedminimized

““Low distortionLow distortion”” is especially desirable for certain is especially desirable for certain 
types of products, such as:types of products, such as:

•• Engineering design and construction plans, asEngineering design and construction plans, as--builtsbuilts

•• Boundary survey plats and legal descriptionsBoundary survey plats and legal descriptions

This problem has This problem has alwaysalways existedexisted

•• But GPS has made it But GPS has made it muchmuch more apparent . . .more apparent . . .



GPS & Map ProjectionsGPS & Map Projections
GPS yields GPS yields geodetic coordinatesgeodetic coordinates

•• Usually these are expressed as Usually these are expressed as latitudelatitude, , longitudelongitude, and , and 
ellipsoid heightellipsoid height

These These MUSTMUST be transformed to be useablebe transformed to be useable

•• Converted to Converted to ““gridgrid”” coordinates using a coordinates using a ““map projectionmap projection””

i.e., i.e., NorthingNorthing, , EastingEasting, , ““ElevationElevation”” ((yy, , xx, , ““zz””))

•• EssentialEssential for printed maps, computer display, CADfor printed maps, computer display, CAD

•• Projected coordinates are Projected coordinates are alwaysalways distorteddistorted

There is no way around this There is no way around this —— it is a it is a FFact of act of LLifeife
Cannot be eliminated Cannot be eliminated —— it can only be reducedit can only be reduced

Effect is computable Effect is computable —— it is it is NOTNOT the same as the same as ““errorerror””



Types of Map Projection DistortionTypes of Map Projection Distortion
Angular distortion.  Angular distortion.  Equals Equals convergence (mapping) convergence (mapping) 
angleangle for for conformalconformal projections (e.g., Transverse Mercator)projections (e.g., Transverse Mercator)

•• Effect increases with increasing latitudeEffect increases with increasing latitude

~35~35”” per mile eastper mile east--west in central Arizonawest in central Arizona

•• Usually not as much of a concern as . . .Usually not as much of a concern as . . .

Linear distortion.  Linear distortion.  Difference in distance between a Difference in distance between a 
pair of grid (map) coordinates when compared to the pair of grid (map) coordinates when compared to the ““truetrue””
horizontal (horizontal (““groundground””) distance) distance

•• Can express as ratio of distorted length to Can express as ratio of distorted length to ““truetrue”” lengthlength
E.g., as feet of distortion per mile, or as mm/km (= ppm)E.g., as feet of distortion per mile, or as mm/km (= ppm)

•• Distortion can be Distortion can be negativenegative or or positivepositive
NEGATIVE:NEGATIVE: Grid distance less than true distanceGrid distance less than true distance
POSITIVE:POSITIVE: Grid distance greater than true distanceGrid distance greater than true distance

•• NOTENOTE: Minimizing linear distortion only makes sense for : Minimizing linear distortion only makes sense for 
conformalconformal projectionsprojections



Cartoon: Distortion due to curvatureCartoon: Distortion due to curvature

Linear distortion due to Earth curvature

Grid length greater
than ellipsoidal length

(distortion > 0)

Ellipsoid
surface

Projection
surface
(secant)

Maximum projection zone 
width for balanced positive 

and negative distortion

Grid length less than
ellipsoidal length

(distortion < 0)



Maximum Maximum 
projectionprojection
zone widthzone width

Maximum linear horizontal distortionMaximum linear horizontal distortion

Parts perParts per
millionmillion

Feet per mileFeet per mile
RatioRatio

(absolute value)(absolute value)

16 miles16 miles ±±1 ppm1 ppm ±±0.005 ft/mi0.005 ft/mi 1 : 1,000,0001 : 1,000,000

50 miles50 miles ±±10 ppm10 ppm ±±0.05 ft/mi0.05 ft/mi 1 : 100,0001 : 100,000

71 miles71 miles ±±20 ppm20 ppm ±±0.1 ft/mi0.1 ft/mi 1 : 50,0001 : 50,000

Horizontal distortion due to Earth curvatureHorizontal distortion due to Earth curvature



Maximum Maximum 
projectionprojection
zone widthzone width

Maximum linear horizontal distortionMaximum linear horizontal distortion

Parts perParts per
millionmillion

Feet per mileFeet per mile
RatioRatio

(absolute value)(absolute value)

16 miles16 miles ±±1 ppm1 ppm ±±0.005 ft/mi0.005 ft/mi 1 : 1,000,0001 : 1,000,000

50 miles50 miles ±±10 ppm10 ppm ±±0.05 ft/mi0.05 ft/mi 1 : 100,0001 : 100,000

71 miles71 miles ±±20 ppm20 ppm ±±0.1 ft/mi0.1 ft/mi 1 : 50,0001 : 50,000

112 miles112 miles ±±50 ppm50 ppm ±±0.3 ft/mi0.3 ft/mi 1 : 20,0001 : 20,000

158 miles*158 miles* ±±100 ppm100 ppm ±±0.5 ft/mi0.5 ft/mi 1 : 10,0001 : 10,000

317 miles**317 miles** ±±400 ppm400 ppm ±±2.1 ft/mi2.1 ft/mi 1 : 2,5001 : 2,500

Horizontal distortion due to Earth curvatureHorizontal distortion due to Earth curvature



Cartoon: Distortion due to change in ellipsoidal height (1 of 2)Cartoon: Distortion due to change in ellipsoidal height (1 of 2)

Linear distortion due to ground height above ellipsoid

Horizontal distance between
points on the ground

(at average height)

Ground surface
in project area

Ellipsoid
surface

Typical published 
"secant" projection

surface (e.g., 
State Plane, UTM)

Distortion < 0
for almost all cases



Cartoon: Distortion due to change in ellipsoidal height (2 of 2)Cartoon: Distortion due to change in ellipsoidal height (2 of 2)Grid distance 
less than
"ground" distance
(distortion < 0)

Linear distortion due to ground height above ellipsoid

Horizontal distance between
points on the ground

(at average height)

Ground surface
in project area

Local
projection
surface

Ellipsoid
surface

Grid distance
greater than

"ground" distance
(distortion > 0)

Typical published 
"secant" projection

surface (e.g., 
State Plane, UTM)

Distortion < 0
for almost all cases



Height below (Height below (––) ) 
and above (+) and above (+) 

projection projection 
surfacesurface

Maximum linear horizontal distortionMaximum linear horizontal distortion

Parts perParts per
millionmillion

Feet per Feet per 
milemile

RatioRatio
(absolute value)(absolute value)

––100 ft, +100 ft100 ft, +100 ft ±±4.8 ppm4.8 ppm ±±0.03 ft/mi0.03 ft/mi ~1 : 209,000~1 : 209,000

––400 ft, +400 ft400 ft, +400 ft ±±19 ppm19 ppm ±±0.1 ft/mi0.1 ft/mi ~1 : 52,000~1 : 52,000

––1000 ft, +1000 ft1000 ft, +1000 ft ±±48 ppm48 ppm ±±0.3 ft/mi0.3 ft/mi ~1 : 21,000~1 : 21,000

Horizontal distortion due to height above ellipsoidHorizontal distortion due to height above ellipsoid



Height below (Height below (––) ) 
and above (+) and above (+) 

projection projection 
surfacesurface

Maximum linear horizontal distortionMaximum linear horizontal distortion

Parts perParts per
millionmillion

Feet per Feet per 
milemile

RatioRatio
(absolute value)(absolute value)

––100 ft, +100 ft100 ft, +100 ft ±±4.8 ppm4.8 ppm ±±0.03 ft/mi0.03 ft/mi ~1 : 209,000~1 : 209,000

––400 ft, +400 ft400 ft, +400 ft ±±19 ppm19 ppm ±±0.1 ft/mi0.1 ft/mi ~1 : 52,000~1 : 52,000

––1000 ft, +1000 ft1000 ft, +1000 ft ±±48 ppm48 ppm ±±0.3 ft/mi0.3 ft/mi ~1 : 21,000~1 : 21,000

+2000 ft+2000 ft ––96 ppm96 ppm ––0.5 ft/mi0.5 ft/mi ~1 : 10,500~1 : 10,500

+4000 ft*+4000 ft* ––191 ppm191 ppm ––1.0 ft/mi1.0 ft/mi ~1 : 5,200~1 : 5,200

+7000 ft+7000 ft ––335 ppm335 ppm ––1.8 ft/mi1.8 ft/mi ~1 : 3,000~1 : 3,000

Horizontal distortion due to height above ellipsoidHorizontal distortion due to height above ellipsoid



ConformalityConformality
 What it is and why it mattersWhat it is and why it matters

ConformalityConformality:: Scale (distortion) is the same in Scale (distortion) is the same in 
every direction at a pointevery direction at a point
•• i.e., the scale factor is unique at every pointi.e., the scale factor is unique at every point
•• Changes with direction for Changes with direction for ALLALL other projectionsother projections

Angles on Earth are same as on mapAngles on Earth are same as on map
•• Simple relationship between grid and geodetic azimuthsSimple relationship between grid and geodetic azimuths
•• Tends to preserve shapeTends to preserve shape
•• Important for surveying applicationsImportant for surveying applications

Keep in in mind that a projection is a Keep in in mind that a projection is a compromisecompromise
•• Some characteristic must be Some characteristic must be ““sacrificedsacrificed””
•• e.g., no projection can be both conformal and equal areae.g., no projection can be both conformal and equal area

Conformal projections are the Conformal projections are the onlyonly type that type that 
make sense for make sense for ““low distortionlow distortion””



Map Projection Distortion

5279.4 ft “grid”

Alaska State Plane of 1983, Zone 4 (5004)

5280.0 ft “ground”
52

79
.4

 ft
 “

gr
id

”
52

80
.0

 ft
 “

gr
ou

nd
”

Δ
 

= −0.6 ft

Δ
 

= −0.6
 

ft

Transverse 
Mercator 

projection 
(conformal)

639.85 ac
 Δ

 
= −0.15

 
ac

Anchorage



Map Projection Distortion
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Common Types of Conformal Common Types of Conformal 
Map ProjectionsMap Projections

Best to use ones supported by a wide range of Best to use ones supported by a wide range of 
softwaresoftware

CylindricalCylindrical
•• Transverse MercatorTransverse Mercator (State Plane, UTM, USNG)(State Plane, UTM, USNG)

•• ““RegularRegular”” MercatorMercator

•• Oblique Mercator (State Plane for AK panhandle)Oblique Mercator (State Plane for AK panhandle)

ConicalConical
•• Lambert Conformal ConicLambert Conformal Conic (State Plane)(State Plane)

Azimuthal (Azimuthal (““planarplanar””))
•• Stereographic (all aspects)Stereographic (all aspects)

•• ModifiedModified--Stereographic ConformalStereographic Conformal



Conical Projections

Cylindrical Projections

Tangent Secant



State Plane (AZ zone C) State Plane (AZ zone C) ““linear distortionlinear distortion””



State Plane (AZ Zone C) linear distortion (feet/mile)State Plane (AZ Zone C) linear distortion (feet/mile)



UTM (Zone 12 North) linear distortion (feet/mile)UTM (Zone 12 North) linear distortion (feet/mile)



State Plane (AZ Zone C) linear distortion (feet/mile)State Plane (AZ Zone C) linear distortion (feet/mile)



State Plane (AZ Zone C) linear distortion (parts per million)State Plane (AZ Zone C) linear distortion (parts per million)

1 ft/mile 1 ft/mile 

= 189 ppm= 189 ppm

1 ppm 1 ppm 

= 0.005 ft/mi= 0.005 ft/mi

= 1 mm/km= 1 mm/km



State Plane (AZ Zone C) linear distortion (feet/mile)State Plane (AZ Zone C) linear distortion (feet/mile)
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MethodsMethods 
for design of lowfor design of low--distortion grid coordinate systemsdistortion grid coordinate systems
1.1. Design projection for specific project areaDesign projection for specific project area

•• Will discuss this method later in presentation Will discuss this method later in presentation 



MethodsMethods 
for design of lowfor design of low--distortion grid coordinate systemsdistortion grid coordinate systems
1.1. Design projection for specific project areaDesign projection for specific project area
2.2. Scaling the reference ellipsoidScaling the reference ellipsoid

ProblemsProblems::
•• Increases complexity with negligible reduction in Increases complexity with negligible reduction in 

distortiondistortion
•• More difficult to implement; requires new ellipsoid More difficult to implement; requires new ellipsoid 

(datum) for every project area(datum) for every project area
•• Can generate new set of latitudes that are different Can generate new set of latitudes that are different 

from the original latitudesfrom the original latitudes (can lead to confusion)(can lead to confusion)
E.g., In Flagstaff, change can exceed 20 feetE.g., In Flagstaff, change can exceed 20 feet



MethodsMethods 
for design of lowfor design of low--distortion grid coordinate systemsdistortion grid coordinate systems
1.1. Design projection for specific project areaDesign projection for specific project area
2.2. Scaling the reference ellipsoidScaling the reference ellipsoid
3.3. Scaling existing projections (e.g., Scaling existing projections (e.g., ““modifiedmodified”” 

State Plane)State Plane)
ProblemsProblems::
•• Generates coordinates with values similar to Generates coordinates with values similar to ““truetrue”” 

State Plane (can lead to confusion)State Plane (can lead to confusion)
Can eliminate this by translating grid coordinatesCan eliminate this by translating grid coordinates

•• More difficult to implement; often results in More difficult to implement; often results in ““messymessy”” 
projection definitionprojection definition

Can reduce this problem through judicious selection of Can reduce this problem through judicious selection of 
““scalingscaling”” parametersparameters

•• Does not reduce convergence angleDoes not reduce convergence angle
•• Most importantMost important:  Does not minimize distortion :  Does not minimize distortion 

over as large an area as the other methodsover as large an area as the other methods



Cartoon:  Cartoon:  ““ModifiedModified”” State Plane problem (1 of 4)State Plane problem (1 of 4)

Representative
ellipsoid height
for project area

Ellipsoid
surface

Ground
surface

Local grid coordinate system designed for specific project 
location, showing extent of low-distortion coverage



Cartoon:  Cartoon:  ““ModifiedModified”” State Plane problem (2 of 4)State Plane problem (2 of 4)

Extent of
low-distortion

coverage

Representative
ellipsoid height
for project area

±Height limits
for low
distortion

Local
projection
surface

Local projection axis
(central meridian for
Transverse Mercator)

Ellipsoid
surface

Ground
surface

Local grid coordinate system designed for specific project 
location, showing extent of low-distortion coverage



Cartoon:  Cartoon:  ““ModifiedModified”” State Plane problem (3 of 4)State Plane problem (3 of 4)

Representative
ellipsoid height
for project area

±Height limits
for low

distortion

Original
State Plane
projection
surface

Ellipsoid
surface

State Plane projection axis
(central meridian for
Transverse Mercator)

Ground
surface

Local grid coordinate system based on "modified" State Plane 
approach, showing reduced extent of low-distortion coverage



Cartoon:  Cartoon:  ““ModifiedModified”” State Plane problem (4 of 4)State Plane problem (4 of 4)

Extent of
low-distortion

coverage

Representative
ellipsoid height
for project area

±Height limits
for low

distortion

"Modified" (scaled)
State Plane
projection surface

Original
State Plane
projection
surface

Ellipsoid
surface

State Plane projection axis
(central meridian for
Transverse Mercator)

Ground
surface

Local grid coordinate system based on "modified" State Plane 
approach, showing reduced extent of low-distortion coverage



Cartoon:  Cartoon:  ““ModifiedModified”” State Plane problem (4 of 4)State Plane problem (4 of 4)

Extent of
low-distortion

coverage

Representative
ellipsoid height
for project area

±Height limits
for low

distortion

"Modified" (scaled)
State Plane
projection surface

Original
State Plane
projection
surface

Ellipsoid
surface

State Plane projection axis
(central meridian for
Transverse Mercator)

Ground
surface

Local grid coordinate system based on "modified" State Plane 
approach, showing reduced extent of low-distortion coverage

Just say NONO
to                  STATE PLANE

They LOOK like State Plane They LOOK like State Plane 
coordinates . . . but are they?coordinates . . . but are they?



1.1. Define project area and choose Define project area and choose representativerepresentative 
ellipsoid height, ellipsoid height, hh00 (not elevation)(not elevation)

•• The The averageaverage height of an area may not be appropriate height of an area may not be appropriate 
(e.g., if project is adjacent to a mountain)(e.g., if project is adjacent to a mountain)

2.2. Place central meridian near center of project areaPlace central meridian near center of project area

3.3. Compute projection axis scale as:Compute projection axis scale as:

•• Where Where R
 

is Earth radiusis Earth radius

•• Can use 20,920,000 feet for Oregon, or can compute for Can use 20,920,000 feet for Oregon, or can compute for 
specific latitude specific latitude —— kk00 value is refined in next stepvalue is refined in next step

•• For Transverse Mercator projection axis is the central For Transverse Mercator projection axis is the central 
meridian;  for Lambert Conformal Conic projection axis meridian;  for Lambert Conformal Conic projection axis 
is the standard parallelis the standard parallel

Six steps for designing a Low Distortion Six steps for designing a Low Distortion 
Projection (Projection (see handoutsee handout))

R
hk 0

0 1+=



4.4. Check distortion throughout project area Check distortion throughout project area 
•• Best approachBest approach: Compute distortion over entire area, : Compute distortion over entire area, 

generate distortion contours, and refine generate distortion contours, and refine kk00
•• Compute distortion as:Compute distortion as:

MultiplyMultiply δδ by 1,000,000 to get distortion in ppmby 1,000,000 to get distortion in ppm

5.5. Keep definition Keep definition simplesimple and and cleanclean

•• Define Define kk00 to no more than to no more than SIXSIX decimal placesdecimal places

•• Geodetic origins to nearest arcGeodetic origins to nearest arc--minuteminute

•• Grid origins using whole numbers, small as possibleGrid origins using whole numbers, small as possible

6.6. ExplicitlyExplicitly define define linear unitlinear unit and and geodetic datumgeodetic datum
•• E.g., International foot, NAD 83 (2007)E.g., International foot, NAD 83 (2007)

Six steps for designing a Low Distortion Six steps for designing a Low Distortion 
Projection (Projection (see handoutsee handout))

1−⎟
⎠
⎞

⎜
⎝
⎛

+
=

hR
Rkδ

Combined Combined 
Scale Scale 
FactorFactor



Gila ValleyGila Valley



Gila Valley LDP TM CM109Gila Valley LDP TM CM109°°4040’’



Gila Valley LDP TM CM109Gila Valley LDP TM CM109°°4545’’



Gila Valley LDP TM CM109Gila Valley LDP TM CM109°°5050’’



Gila Valley LDP TM CM109Gila Valley LDP TM CM109°°5555’’



Gila Valley LDP TM CM109Gila Valley LDP TM CM109°°4848’’

p 11



Gila Valley LDP classified w/gridGila Valley LDP classified w/grid



Gila Valley, ArizonaGila Valley, Arizona 
Low Distortion ProjectionLow Distortion Projection

Projection Projection 
parametersparameters

Low Distortion Low Distortion 
Projection Projection 

(Transverse Mercator)(Transverse Mercator)

““EquivalentEquivalent”” modified modified 
SPCS 83 AZ ESPCS 83 AZ E

Origin latitudeOrigin latitude 3232°°2020’’0000””NN 3131°°0000’’0000””NN

Central meridian Central meridian 
longitudelongitude 109109°°4848’’0000””WW 110110°°1010’’0000””WW

False northingFalse northing 0.000 0.000 iftift 0.000 0.000 iftift

False eastingFalse easting 200,000.000 200,000.000 iftift 700,160.341 168 614700,160.341 168 614……iftift

Central meridian Central meridian 
scalescale 1.00014 (exact)1.00014 (exact) 1.000 129 035 906 421.000 129 035 906 42……



Spatial Data RequirementsSpatial Data Requirements 
Include in surveying & mapping services contractsInclude in surveying & mapping services contracts

Completely define the coordinate systemCompletely define the coordinate system
•• Linear unit (meter, foot, what kind of foot?)Linear unit (meter, foot, what kind of foot?)
•• Geodetic and vertical datums Geodetic and vertical datums 
•• Map projection parametersMap projection parameters

Is Is ““distortiondistortion”” an issue for your project . . . ?an issue for your project . . . ?

Require ties to Require ties to publishedpublished controlcontrol
•• Best source for control:  National Geodetic Best source for control:  National Geodetic 

Survey (NGS)Survey (NGS)
But control must be more accurate than surveying or But control must be more accurate than surveying or 
mapping method usedmapping method used

A project that requires ties to A project that requires ties to ““U.S. U.S. 
Coast & Geodetic SurveyCoast & Geodetic Survey”” controlcontrol



Spatial Data RequirementsSpatial Data Requirements 
Include in surveying & mapping services contractsInclude in surveying & mapping services contracts

Specify Specify accuracyaccuracy requirementsrequirements
•• Use objective, robust, defensible methodsUse objective, robust, defensible methods

Make use of published standards (e.g., NSSDA)Make use of published standards (e.g., NSSDA)

LeastLeast--squares network adjustment (but no cheating!)squares network adjustment (but no cheating!)

•• Remember:Remember: Accuracy may not be same as Accuracy may not be same as 
precisionprecision

Documentation is Documentation is essentialessential (metadata!)(metadata!)
•• Report methods, procedures, and results for Report methods, procedures, and results for 

creating final deliverablescreating final deliverables

•• MustMust include any coordinate transformationsinclude any coordinate transformations
E.g., datum transformations, E.g., datum transformations, ““rubber sheetingrubber sheeting””



Documentation (metadata!)Documentation (metadata!)

If a custom coordinate system is used, it If a custom coordinate system is used, it 
MUSTMUST be documented be documented 

•• This is essential for correctly incorporating This is essential for correctly incorporating 
data into a GISdata into a GIS

Should Should nevernever have to resort to approximate methods have to resort to approximate methods 
(e.g., (e.g., ““rubber sheetingrubber sheeting””))

•• Consistent with spirit of Consistent with spirit of ““leaving footstepsleaving footsteps…”…”

Others should be able to retrace the original Others should be able to retrace the original 
surveying or mapping product (surveying or mapping product (withoutwithout having to having to 
contact the person who created it!)contact the person who created it!)



Example of typical survey metadata . . .Example of typical survey metadata . . .



Example of survey metadata (Example of survey metadata (see handoutsee handout))
Basis of Bearings and CoordinatesBasis of Bearings and Coordinates

Linear unitLinear unit:  International foot (:  International foot (iftift))



Horizontal difference in coordinates (in feet) due to Horizontal difference in coordinates (in feet) due to 
difference between International and US Survey feetdifference between International and US Survey feet

SPCS 83 AZ CentralSPCS 83 AZ Central UTM 83 12 NorthUTM 83 12 North



Basis of Bearings and CoordinatesBasis of Bearings and Coordinates

Linear unitLinear unit:  International foot (:  International foot (iftift))

Geodetic datumGeodetic datum:  North American Datum of 1983 (1992):  North American Datum of 1983 (1992)

Example of survey metadata (Example of survey metadata (see handoutsee handout))



Horizontal difference between NAD 83 flavors (centimeters)Horizontal difference between NAD 83 flavors (centimeters)

NAD 83 (1986) and (1992)NAD 83 (1986) and (1992)

114 cm

 

0 cm



NAD 83(NSRS 2007) coordinate shiftsNAD 83(NSRS 2007) coordinate shifts



Horizontal difference between NAD 83 and WGS 84 (G1150) at 
1997.0

p4p4

““WGS 84 and NAD 83 are WGS 84 and NAD 83 are 
the SAME (to within a  the SAME (to within a  
fraction of a millimeter).fraction of a millimeter).””



Basis of Bearings and CoordinatesBasis of Bearings and Coordinates

Linear unitLinear unit:  International foot (:  International foot (iftift))

Geodetic datumGeodetic datum:  North American Datum of 1983 (1992):  North American Datum of 1983 (1992)

Vertical datumVertical datum:  North American Vertical Datum of 1988 (see below):  North American Vertical Datum of 1988 (see below)

Example of survey metadata (Example of survey metadata (see handoutsee handout))



VERTCON vertical difference, NAVD 88 minus
 

NGVD 29 (feet)

FriendsFriends
 

. . .
don’t let friendsfriends

 
. . .

use NGVD 29NGVD 29

Elevation reference specified as Elevation reference specified as 
““Mean Sea LevelMean Sea Level”” datumdatum



Example of survey metadata (Example of survey metadata (see handoutsee handout))
Basis of Bearings and CoordinatesBasis of Bearings and Coordinates
Linear unitLinear unit:  International foot (:  International foot (iftift))
Geodetic datumGeodetic datum:  North American Datum of 1983 (1992):  North American Datum of 1983 (1992)
Vertical datumVertical datum:  North American Vertical Datum of 1988 (see below):  North American Vertical Datum of 1988 (see below)
SystemSystem:  Arizona LDP:  Arizona LDP
ZoneZone:  Gila Valley:  Gila Valley
ProjectionProjection:  Transverse Mercator:  Transverse Mercator

Latitude of grid origin:  32Latitude of grid origin:  32°° 2020’’ 0000”” NN
Longitude of central meridian:  109Longitude of central meridian:  109°° 4848’’ 0000”” WW
Northing at grid origin:  0.000 ftNorthing at grid origin:  0.000 ft
Easting at central meridian:  200,000.000 ftEasting at central meridian:  200,000.000 ft
Scale factor on central meridian:  1.00014 (exact)Scale factor on central meridian:  1.00014 (exact)

All distances and bearings shown hereon are grid values based onAll distances and bearings shown hereon are grid values based on 
the preceding projection definition.  The projection was definedthe preceding projection definition.  The projection was defined such such 
that grid distances are equivalent to that grid distances are equivalent to ““groundground”” distances in the distances in the 
project area.project area.
The basis of bearings is geodetic north.  Note that the grid beaThe basis of bearings is geodetic north.  Note that the grid bearings rings 
shown hereon (or implied by grid coordinates) do not equal geodeshown hereon (or implied by grid coordinates) do not equal geodetic tic 
bearings due to meridian convergence.bearings due to meridian convergence.



Example of survey metadata (Example of survey metadata (see handoutsee handout))
Orthometric heights (elevations) were transferred to the site frOrthometric heights (elevations) were transferred to the site from NGS om NGS 
control station control station ““P 439P 439”” (PID CY0725) using GPS with NGS geoid model (PID CY0725) using GPS with NGS geoid model 
““GEOID03GEOID03”” referenced to the current published NAVD 88 height of this referenced to the current published NAVD 88 height of this 
station (889.460 m).station (889.460 m).

The survey was conducted using GPS referenced to the National SpThe survey was conducted using GPS referenced to the National Spatial atial 
Reference System.  A partial list of point coordinates is given Reference System.  A partial list of point coordinates is given below below 
(additional coordinates are available upon request).  Local netw(additional coordinates are available upon request).  Local network ork 
accuracy estimates are given at the 95% confidence level and areaccuracy estimates are given at the 95% confidence level and are based based 
on an appropriately constrained leaston an appropriately constrained least--squares adjustment of oversquares adjustment of over-- 
determined and statistically independent observations.determined and statistically independent observations.

Point #1 Point #1 ““SAFFORD BASE ARPSAFFORD BASE ARP””, permanent GPS base (off site), permanent GPS base (off site)
Latitude = 32Latitude = 32°°4848’’07.3156107.31561””NN Northing = 170,564.00 Northing = 170,564.00 iftift Estimated accuracyEstimated accuracy
Longitude = 109Longitude = 109°°42'42.8466442'42.84664””WW Easting = 227,075.29 Easting = 227,075.29 iftift HorizHoriz = Fixed= Fixed
Ellipsoidal height:  2945.42 Ellipsoidal height:  2945.42 iftift Elevation = 3033.83 Elevation = 3033.83 iftift VertVert = Fixed= Fixed

Point #1002, Point #1002, ½”½” rebar with cap, derived coordinates (on site)rebar with cap, derived coordinates (on site)
Latitude = 32Latitude = 32°°50'06.81662"N 50'06.81662"N Northing = 182,643.21 Northing = 182,643.21 iftift Estimated accuracyEstimated accuracy
Longitude = 109Longitude = 109°°42'47.90144"W42'47.90144"W Easting = 226,633.86 Easting = 226,633.86 iftift HorizHoriz = = ±±0.034 0.034 iftift
Ellipsoidal height = 2822.41 Ellipsoidal height = 2822.41 iftift Elevation = 2910.73 Elevation = 2910.73 iftift VertVert = = ±±0.056 0.056 iftift

Point #1006, Point #1006, ½”½” rebar with cap, derived coordinates (on site)rebar with cap, derived coordinates (on site)
Latitude = 32Latitude = 32°°50'16.89645" N50'16.89645" N Northing = 183,662.12 Northing = 183,662.12 iftift Estimated accuracyEstimated accuracy
Longitude = 109Longitude = 109°°42'47.93756"W42'47.93756"W Easting = 226,629.94 Easting = 226,629.94 iftift HorizHoriz = = ±±0.047 0.047 iftift
Ellipsoidal height = 2815.73 Ellipsoidal height = 2815.73 iftift Elevation = 2904.04 Elevation = 2904.04 iftift VertVert = = ±±0.068 0.068 iftift



ConclusionsConclusions
Low Distortion ProjectionsLow Distortion Projections
•• A standardized method for A standardized method for minimizingminimizing 

distortion over distortion over largestlargest area possiblearea possible
Performance and simplicity superior to other methodsPerformance and simplicity superior to other methods

•• Satisfies needs of both the GIS and surveying Satisfies needs of both the GIS and surveying 
communities, and both GPS and terrestrialcommunities, and both GPS and terrestrial

•• Enables direct use of survey data in a GISEnables direct use of survey data in a GIS
•• Reduces proliferation of local systemsReduces proliferation of local systems

Provides alternative for those who want (or need) Provides alternative for those who want (or need) 
““groundground”” coordinatescoordinates

Documentation (metadata) is Documentation (metadata) is essentialessential
•• Facilitates data transferabilityFacilitates data transferability

Local data would be readily available to others (e.g., Local data would be readily available to others (e.g., 
emergency services, Homeland Security)emergency services, Homeland Security)



Questions?Questions?



!R

Yuma

Globe

Bisbee

Parker

Tucson

Nogales

Kingman

Safford

Clifton

Phoenix

Prescott

Holbrook

Florence

Flagstaff

Saint Johns

Springerville

Example:  Example:  SpringervilleSpringerville (SPCS 83 AZ E)(SPCS 83 AZ E)

SPCS 83 AZ E SPCS 83 AZ E 
Central MeridianCentral Meridian



Ellipsoid height contours (feet)Ellipsoid height contours (feet)

0 5 102.5
Miles



Linear distortion (local projection)Linear distortion (local projection)

60 ppm

 

-60 ppm
0 5 102.5

Miles

Local projection 
central meridian



Linear distortion, Linear distortion, ±±20 ppm coverage (local projection)20 ppm coverage (local projection)

60 ppm

 

-60 ppm
0 5 102.5

Miles

LDP 
±20ppm

Local projection 
central meridian



Linear distortion (modified SPCS E)Linear distortion (modified SPCS E)

60 ppm

 

-60 ppm
0 5 102.5

Miles



Linear distortion, Linear distortion, ±±20 ppm coverage (modified SPCS E)20 ppm coverage (modified SPCS E)

60 ppm

 

-60 ppm
0 5 102.5

Miles

Mod SPCS E 
±20ppm



Linear distortion, Linear distortion, ±±20 ppm coverage (modified SPCS C)20 ppm coverage (modified SPCS C)

60 ppm

 

-60 ppm
0 5 102.5

Miles

Mod SPCS C 
±20ppm



Linear distortion, Linear distortion, ±±20 ppm coverage comparison20 ppm coverage comparison

60 ppm

 

-60 ppm
0 5 102.5

Miles

LDP 
±20ppm

Mod SPCS E 
±20ppm



Linear distortion, Linear distortion, ±±20 ppm coverage comparison20 ppm coverage comparison

60 ppm

 

-60 ppm
0 5 102.5

Miles

LDP 
±20ppm

Mod SPCS E 
±20ppm

Mod SPCS C 
±20ppm

hh = 7100 ft= 7100 ft
LDP: +0.5 ppmLDP: +0.5 ppm
Modified SPCSModified SPCS

E: +0.7 ppmE: +0.7 ppm
C: +1.9 ppmC: +1.9 ppm

hh = 7100 ft= 7100 ft
LDP: +4.4 ppmLDP: +4.4 ppm
Modified SPCSModified SPCS

E: +31.5 ppmE: +31.5 ppm
C: +85.5 ppmC: +85.5 ppm



Example:  Example:  SpringervilleSpringerville, AZ, AZ 
Representative ellipsoid height = 7100 Representative ellipsoid height = 7100 iftift 

Earth radius (geometric mean) = 20,899,500 Earth radius (geometric mean) = 20,899,500 iftift

Projection Projection 
parametersparameters

Local projection Local projection 
(Transverse Mercator)(Transverse Mercator)

““ModifiedModified””
SPCS 83 AZ ESPCS 83 AZ E

Origin latitudeOrigin latitude 3434°°0000’’0000””NN 3131°°0000’’0000””NN

Central meridian Central meridian 
longitudelongitude 109109°°1717’’0000””WW 110110°°1010’’0000””WW

False northingFalse northing 0.000 0.000 iftift 0.000 0.000 iftift

False eastingFalse easting 50,000.000 50,000.000 iftift 700,250.529 473 74700,250.529 473 74…… iftift

Central meridian Central meridian 
scalescale 1.000 340 (exact)1.000 340 (exact) 1.000 257 863 458 281.000 257 863 458 28……
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