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New State Plane Coordinate Syste!

A State Plane Coordinate System of 2022 (SPCS2022)
I Referenced to new 2022 Terrestrial Reference Frames (TRFs)
I Based on same reference ellipsoid (GRS 80)

I Same Zonformalprojection types
A Lambert Conformal Conic (LCC)
A Transverse Mercator (TM)
A Oblique Mercator (OM)

A NGS in process of specifying SPCS2022 characteristics
I Draftpolicy andproceduresfor public comment
I Federal Register Notic-RN) on policy and procedures
I Newreport on State Plane history, policy, and futud®(e!)

NOTE SPCS2022 policy, procedures, and FRN currently in review
Approved version may differ from what is presented here
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Announcements

SPCS2022 Federal Register Notice
A| August 31,201§for public comment on draft policy & procedures
ALyOfdzZRSa aaLISOAFf LidzNLI2&asS¢ 12y

SPCS2022 procedures

A| December 3120121for SPCS2022 zone requests and proposals
I Requestsare for zone designs by NGS
I Proposalsare for zone designs by others

A| December 31202qfor submittal of approved designs by others
I Proposal must first be approved by NGS
I Designs must be complete before NGS review

A After deadlines, requests will be fohangesto SPCS2022
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History and Future of State Plane

A SPCS created 85 years ago

I SPCS 271933¢ 1986 (53 years, with some changes)

I SPCS 831986¢ 2022 (36 years, with some changes)

i SPCS2022022¢K 61 0 fSlad | FSg RS
A SPCS2022 will likely be around for a long time

i1l 2y2NJ 0KS KA&aG2NE |yR fS3I Oe

XGgKAES o0dzAf RAY3I | &aeads

A High visibility and big impact

I SPCS used by many in US geospatial community

I NGS already contacted by 16 states about SPCS2022
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NOAA Special Publication NOS NGS 13

The State Plane Coordinate System

History, Policy, and Future Directions

Michael L. Dennis
March 6, 2018

https://geodesy.noaa.qgov/library/pdfs/
NOAA SP NOS NGS 0013 v01 ZTB86.pdf

National Oceanic and Atmospheric Administration «  National Geodetic Survey

geodesy.noaa.gov

SPCS Special

Do o Do Do Do

Publication

History of NGS projections
(1853 to present)

SPCS policies and legislation

Departures from policy and
convention

Recent developments in
projected coordinate systems

Appendices

i Defining parameters for ALL
zones of ALL versions of SPC
plus additional information

I Status of SPCS 83 legislation
and foot conversions
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State Plane Coordinate System (SPCS)

SPCS is a system of large-scale conformal map projections originally created in the 1930s to support
surveying, engineering, and mapping activities throughout the U.S. and its territories. As a reminder, a
map projection is a systematic transformation of the latitudes and longitudes of locations on the surface
of a sphere or ellipsoid representing the Earth to grid coordinates (x, y or easting, northing values) on a
plane.

Since its inception, SPCS has served as a practical means for NGS customers to access to the National
Spatial Reference System (NSRS). These web pages will help you convert coordinates, find related NGS
policies and other documents, read about the history and status of current SPCS, and learn about how
SPCS will change in 2022.

The map below shows the full extents and all zones ofthe 1927 and 1983 versions of SPCS (select the
map for a higher resolution version). View more detailed maps or a map depicting SPCS 83 legislation.

State Plane Coordinate Systems of 1927 and 1983
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National Geodetic Survey
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Learn More
Documents
Related documents are listed below.

= Policy on Changes to State Plane Coordinates (PDF, 141 KB)
= Policy of the National Geodetic Survey Concerning Units of Measure for the State Plane
Coordinate System of 1983 (PDF, 136 KB)

= NOAA Special Publication NOS NGS 13 (FDF, 7 MB)

Webinars
MGS has and will hostvarious webinars about State Plane. These will be added to the following list as
they are developed.

= The State Plane Coordinate System: History, Policy, Future Directions (March &, 2018)
= Building a State Plane Coordinate System for the Future (April 12, 2018)

‘Website Owner: Mational Geodetic Survey / Last modified by NGS5 Infocenter Mar 08 2018
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An Interesting and varied history

A Initially created for North Carolina at customer request
I Gave practical access Mational Spatial Reference SystgiiNSRS)
I SPCS 27 started 1933,completed in 1934(!)
A Changes from SPCS 27 to SPCS 83:
I Multi-zone to singlezone for some states (SC, NE, MT)
I Change in grid origin and units (US feet to meters)
I American Samoa has no SPCS 83 zone
A Departures from policy and convention:
i Guam used notwonformal projection for SPCS 27
i aAOKA3IlIY dzaSR aaoOlf SR StfALAZA
I California added small Los Angeles County zone for SPCS 27
i YSY(GdzO1eé KlFa afle@SNBRE 0620SNI I LI
i Montana single SPCS 83 zone greatly exceeds 1:10,000 scale error
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Original SPCS 27, as of 1934 (110 zones total)
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3 zones replaced: Michigan TM zones
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Final SPCS 27, as of 1968 (112 zones in CONUS, 131 zones total)
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Final SPCS 83, as of 2001 (108 zones in CONUS, 125 zones total)
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Alaska State Plane Coordinate Systems of 1927 and 1983 (10 zones)
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Hawaii State Plane
Coordinate Systems

of 1927 and 1983 (5 zones)
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Issues with SPCS 83

A Incomplete NGS documentation (until now)

A Inconsistent zone definitions
I Highly variable linear distortion
i a[ F@SNBR¢ T2ySa SEAal oYSy
I Inconsistent specification of grid origins
| Scale explicitly defined for some zones, implicitly for others
| Incomplete coverage of U.S. territories

Ab23dGS O2YY2y dzal 3s 2F {t /]

| Many surveyors & engineers scale SPCS to topo surface
I NGS used to give workshops on this methodology

I Process incorporated in most surveying software

i {K2¢6a&8 RS&ANB G2 ¢62NJ al G 3
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Map projection concepts

A[AYSIENI RAAUZ2ZNIOAZY o64daol
il Y2dzyd YI LI LINP2SOGAZ2Y & 3INR
(curved) horizontal distance
AV ddz- £t te& Fad G02L23INFLIKAO &dzNFI O
Alry Ita2z o6S Id StftALAZ2ZAR &adzNFI
A Conformal map projection
I Linear distortion unigue at a point (same in every direction
I Lines on Earth intersect at same angle on map

A Meridians and parallels intersect at right angles on map
A Shapes of areas on Earth doeallypreserved on map

I Simple relationship between grid and geodetic azimuth

I SPCS2022 will only use conformal projections
A Same for SPCS 83 and SPCS 27 (with one exception in Guam)
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SPCS2022 characterist{dsaft)

A Technical requirements
I Linear distortiondesign criterion at topographic surfa[:e

(not at ellipsoid surface)

ASATFSNBYOS Ay RAAUOI YOS o0Si
I Use lIparallel definition for LCC projections
A Other characteristics
I Default designs (if no consensus stakeholder input)
id[ F @SNBRE | 2ySa
I Lowdistortion projections (LDPS)
P G{ LISOAIf LlzN1LI2aSé¢ | 2ySa

Vd

%)
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Projection surface
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Projection surface

Ray source at Ray source at opposite Ray source
center of Earth side of Earth at infinity
Gnomonic Stereographic Orthographic
projection projection projection
(non-conformal) (conformal) (non-conformal)

However, this only works for a few sphere-based projections




Developable surfaces: Planes and cones

Planar (azimuthal) Conic projections
projections

Polar Standard parallel

aspect

Standard
parallels

Central
parallel

e.g., stereographic e.g., Lambert conformal conic
(not used for SPCS) (used for SPCS)

Examples given are CONFORMAL ‘projections



Developable surfaces: Cylinders

Cylindrical projections

ARegul ar o
aspect

Transverse Oblique

Central

meridian ' Skew
e.g., Mercator e.g., transverse e.g., obliqgue axis

(not used for SPCS) Mercator Mercator
(used for SPCS) (used for SPCS)

Examples given are CONFORMAL ‘projections



A map projection is a mathematical function

s+ < JInd+ < -] e u

IS projection axis scale factor
Projection IS constant value applied to
axis confor mal projecti ofr
! = 1 by default if not defined
Grid distance = I Grid distance >
Tangent ( =1) ellipsoid distance ellipsoid distance
Ellipsoid
distance

Ellipsoid
surface



A map projection is a mathematical function

CENERE =28 ) N (ERT L VLN e

Can Aimoveo confor mal projection
surface Aupo or fHAdowno by

- Projection
changin
Jng axis Grid distance >
I ellipsoid distance
= everywhere

Non -intersecting ( & >1)

Grid distance >

Grid distance =
ellipsoid distance

Tangent ( =1) ellipsoid distance
O
1 Ellipsoid Grid distance >
Secant ( <1) distance ellipsoid distance
O | O
\ Grid distance = GriaidictaiiCes
ellipsoid distance ellipsaid distange
: Ellipsoi
Ellipsoid Grid distance = distance
ellipsoid distance

surface



ARnSecant o confor mal map

Projection
axis

—
Ellipsoid Grid distance >
distance ellipsoid distance

Secant (

| 5
|\ Grid distance = Grid gistance’s |
| ellipsoid distance ellipsqid cIstaings I |
Ellipsoi
Ellipsoid | Grid distance = | distance
| surface | ellipsoid distance | |
| 145% | 71% | 145% |

[

!( Zone width to balance positive and negative:distortion
(scale error) with respect to ellipsoid



ANo#i nt ersectingo conf or mal ma p

Topographic
Grid distance = surface
ground dlst_ance PrOjecjuon Grid distance =
at a point axIs ground distance
: . \ / at a point
Non -intersecting .

> 1) Grid distance a
ground distance
over finite distance

—

. | Purpose is to reduce linear distortion
| |at fAgr oundo (topographi

But distortion can vary considerably
across area of interest.

Ellipsoid
surface
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Changing projection axis to reduce distortion variation

o Topographic
o Grid distance = surface
Projection ground distance
axis at many points

Ellipsoid height
of surface not
constant:

h
° h,i ,h

Only way to reduce variation in
distortion is to change projection
\ axis location.

IMPORANT: For large areas, there is
Ellipsoid ‘ \ no single defining ellipsoid height, h,
surface \ for scaling the projection.
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Linear distortion magnitudes

ppm = parts per million (mm/km)

A £ 20 ppm= 2 cm/km = 0.1 ft/mile = 1 : 50,000
hFTGSY dzaSR Fa Gf 26 RfAgiound)NI A 2 Y

A £ 50 ppm=5 cm/km = 0.3 ft/mile = 1 : 20,000
Minimum design criterion for SPCS2022 designs by Al&solnd)

Gb2YAYIFté YI EAYd26n dligsbidi S

A £ 100 ppm= 10 cm/km = 0.5 ft/mile = 1 : 10,000
ttFy
Can be much greater at topo surface

A + 400 ppm= 40 cm/km = 2.1 ft/mile = 1 : 2,500
Maximum design criterion for SPCS2022 zoaeground)
Maximum UTM valueof ellipsoid

Nominal distortion criterion (@nelipsaid Ydos SPCS @7d 83
zones( (@lthoughygredilyexcerdad fon/semezeneSANSSBLCS 83).
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Linear distortion magnitudes

ppm = parts per million (mm/km)

A £ 20 ppm= 2 cm/km = 0.1 ft/mile = 1 : 50,000
hFTGSY dzaSR Fa Gf 26 RfAgiound)NI A 2 Y

A + 50 ppm=5 cm/km = 0.3 ft/mile = 1 : 20,000
Minimum design criterion for SPCS2022 designs by Al&solnd)

A £ 100 ppm= 10 cm/km = 0.5 ft/mile = 1 : 10,000
Gb2YAYIlIfé YI EAYdzOndlipsbidiS t | yS
Can be much greater at topo surface

Y

A £ 400 ppm= 40 cm/km = 2.1 ft/mile = 1 : 2,500
Maximum design criterion for SPCS2022 zoaeground)

Maximum UTM valueof ellipsoid

Distortion range ((atqground ydorzonescdesignéed hEHNGS, as
pro oposeatindaftsSPQ82022 BOlIC yland Nerocedures.

bruary 23, 2023 MSPS Anndal Meetifg, Brooklyh Park 28
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Linear distortion magnitudes

ppm = parts per million (mm/km)

A £ 20 ppm= 2 cm/km = 0.1 ft/mile = 1 : 50,000
hTGSY dzaSR Fa Gf 26 RfAgiound)NI A 2 YV

A £ 50 ppm=5 cm/km = 0.3 ft/mile = 1 : 20,000
Minimum design criterion for SPCS2022 designs by Al&solnd)

A £ 100 ppm= 10 cm/km = 0.5 ft/mile = 1 : 10,000
Gb2YAYIlIfé YIEAYdzOndlipsbidiS t € yS
Can be much greater at topo surface

A + 400 ppm= 40 cm/km = 2.1 ft/mile = 1 : 2,500

Maximum design criterion for SPCS2022 zoaeground)
Maximum UTM valueof ellipsoid

Distortion ariterion (at grount oofternusise thfaldw2ligortRih & U :
baNR 28 OriPs); degignetdodbiatr 05 BRAS2Q22t(hohas NG.
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SPCS2022 characterist{dsaft)

A Technical requirements

I Linear distortiondesign criterion at topographic surface
(not at ellipsoid surface)

ASATFSNBYOS Ay RAAUIFIYOS o0Su0¢
| T Use Zparallel definition for LCC projections |
A Other characteristics
I Default designs (if no consensus stakeholder input)
id[ F @SNBRE | 2ySa
I Lowdistortion projections (LDPS)
P G{ LISOAIf LlzN1LI2aSé¢ | 2ySa
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Lambert Conformal Conic projectiol

A Conical developable surface
A Used for many State Plane zones

A Can define scale two different ways:
I Define scalexplicitly on central standard parallel
I Compute scalemplicitly
ACNRY aSLINYGA2Y o0SGoSSYy (o2 a:
A Scale (at ellipsoid) is exactly 1 for standard parallels

A The two types are mathematically identical!
i at N22SO0A2y FFTEA&E F2NJ o20K
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Why only a dparallel LCC?

A Consistency

I Explicitly define projection scale (same as TM and OM)

I Can use same number of parameters as TM

il LI AOFoftS (2 0 200K SONERSSAD- GyAly
A Simplicity

I Easier to design with respect to topography

I Scale due to separation of 2 standard parallels not obvious

i/ Yy Y2NB NBFIRAf& dzasS aOf S|
A Mathematically identical to parallel

I Any 2parallel LCC can be recast apdrallel that behaves
exactly the same
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Consider North Carolina SPCS 83 Z

Secant Lambert Conformal Conic
projection, 2-parallel definition:

It is EXACTLY the same as
this 1-parallel definition:

Standard parallels
North=36°1 00N (exagltt)
South=34°200N (exact Ellipsoid

Central standard parallel
35°15606. 33096 ¢
Scale=0. 9998 725

Scale=1

Scale=1
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Secant Lambert Cone

35°15006. 33096

Not Fitting Terrain

Note: Perpendicular Line to
What Can We Do?

Cone plue) is also Perpendicular
to ellipsoid { ) at the
Projection Axis
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Tangent Lambert Cone

I

35°15006. 33096

Move Cone Up
Same Projection Axis,
Different scale factor
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Non-Intersecting Lambert Cone

. ‘ 35°150606. 330096

Move Cone Up Again
Same Projection Axis,
Different scale factor

Scale =1.001
baral l el

4
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Design tc |tT rrain 1

36°0000

/Change Cone Angle
New Projection Axis, and
Different scale factor

"? 24Q1@ |
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Design to«Eit Terrain 2

37°0000

/Change Cone Angle Again
New Projection Axis, and
Different scale factor
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Change Cone Angle Again
ew Projection Axis, and
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Design to Fit Terrain 4

Retain Projection Axis,

0 0,0 f1&e Cone Down
I Different scale factor

ahNdo parall el

Scale =1.001
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SPCS2022 characterist{dsaft)

A Technical requirements

I Linear distortiondesign criterion at topographic surface
(not at ellipsoid surface)

ASATFSNBYOS Ay RAAUIFIYOS o0Su0¢
I Use lIparallel definition for LCC projections
A Other characteristics
I Default designs (if no consensus stakeholder input)
id[ F @SNBRE | 2ySa
I Lowdistortion projections (LDPs)
P G{ LISOAIf LlzN1LI2aSé¢ | 2ySa
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Default SPCS2022 desiddraft)

A Default needed in absence of stakeholder input

A Same projections and zones for most SPCS 83 zones
A Performance and coverage very similar to SPCS 83
A Characteristics that differ from SPCS 83:

I Projection scale modified to minimize distortion at ground
I Lambert Conformal Conic converted to eparallel type
I Most geodetic origins with amninutes evenly divisible by 3

I A few zones with different projection & zone extents
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G[ F @ SNB@raft) | 2y

A Limitations

I Max of TWOlayers: Statewide and stamnes 30 e

I If two layers, oneMlUSTbe statewide

I Minimum subzone dimension > 50 km
A States often want statewidand small zones

I Statewide: Single geometry required for state GIS

I Subzones:Lower distortion for surveying/engineering
A Accommodates state needs, but with restrictions

I Prevent poor design choices for statewide zones
ihyS | f NBIFReé& SEAaAGE Ay {t/l{ vy
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SPCS 83 Kentuc tucky |ayered zones

statewide zone

(Lambert Conformal
Conic)

N parallel
S parallel

Min
Max
Mean

North South

38py Qb 37pc Qb

37°py Qb 36°mn Qb
Distortion (ppm)

93 211
+17 +42
56 67

Statewide
38°n n Q
37°n p Q

-166
+181
-58

:




