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Existing SPCS 83 (or 27) Design Preliminary SPCS2022 Default Design

Ex:stmg SPCS 83 des:gn. Montana Zone Preliminary SPCS2022 default design: Montana Zone
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Lambert Conformal Conic projection Distortion values (ppm) | Linear distortion at topographic Lambert Conformal Conic projection Distortion values (ppm) | Linear distortion at topographic
North American Datum of 1983 Entire zone: surface (parts per miIIion) North American Terrestrial Reference Frame of 2022 Entire zone: surface (parts per miIIion)
Central paralleli 47° 00" 45.5..." N Min = -1045 Range = 1059 <-800 to-400 [ to +300 Central parallelf 46° 55'N Min = -534 Range = 1001 <-800 t0 -400 t0 +300
Cen parallel scale: 0.999 392 636... Mk = 314  Mean = -588 t0 -800 t0-300 | | to +400 mCen parallel scale: 0.999 9 (exact) Max = +467 Mean = -79 t0 -800 t0-300 | | to +400
{@‘% Areas within £400 ppm distortion Cities and towns: to -700 to -200 to +500 {‘ ¢ %”‘% Areas within £400 ppm distortion Cities and towns: to -700 to -200 to +500
@ | (£2.11 ft per mile): Min =-891 Range = 859 to-600 | | +100 to +600 S | (¥2.11 ft per mile): Min =-380 Range = 822 to-600 | | £100 to +600
noaas | 20% of entire zone Max =-32  Median = -616 to -500 to +200 > +600 noans | 97% of entire zone Max = +441 Median = -112 to -500 to +200 > +600
National | 19% of all cities and towns Mean = -613 i 0 G 480 B0 250 205 National | 99% of all cities and towns Mean = -113 5 e
ey | 8% of population (weighted by population) e ™ s ™ s = ey | 100% of population (weighted by population) e e K
Existing SPCS 83 des:gn North Carolina Zone Preliminary SPCS2022 default design: North Carolina Zone
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Lambert Conformal Conic projection Distortion values (ppm) | Linear distortion at topographic Lambert Conformal Conic projection Distortion values (ppm) | Linear distortion at topographic
GJ North American Datun: of 1.983 . Entire zone: surface (parts per miIIion) North American Terrestrial Refersnce I:rame of 2022 Entire zone: surface (parts per miIIion)
Central parallel: 35° 15' 06.3..." N Min = -418 Range = 597 <-400 t0-200 [ ]to+150 Central parallel: 35°15'N Win = 847  Range =597 <-400 t0-200 [ ]to+150
Cen parallel scale: 0.999 872 592 2 ) 0- o~ Cen parallel scale: 0.999 95 (exact) 2 ) 0" o
: . e S Max = +179 Mean = -91 to -400 to-150 | |to+200 g s = Max = +256 Mean =-14 to -400 to-150 | |to +200
) { 2 Areas within 100 ppm distortion Cities and towns: to -350 to -100 to +250 { 2 Areas within 100 ppm distortion Cities and towns: to -350 to -100 to +250
W) | (¥0.53 ft per mile): Min =-300 Range = 469 to-300 | | %50 to +300 W) | (X0.53 ft per mile): Min = -222 Range = 469 to-300 | | £50 to +300
G Noas | 447 of entire zone Max = +169 Median =-109 | [{to-250 | [to+100 [l >+300 Nomas | 76% of entire zone Max = +246 Median = -32 to-250 | |to+100 [l >+300
National | 42% of all cities and towns Mean = -103 i 55 . &5 300 5555 National | 78% of all cities and towns Mean = -25 i - 165 i85 300 5555
@) ey | 44% of population (weighted by population) P — “sovey | 90% of population (weighted by population) P —
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Zone Central Central E Pacific Terrestrial Reference Frame of 2022 1575304 W, ‘ RS}
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meorldl?n meridian scale =z Origin latitude: 20° 55'N
GJ 1 1550 30. W 0.999 966 667... S Origin longitude: 157° 30°' W ‘5’4%' ahioolawe
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Areas within 100 ppm distortion Areas within 100 ppm distortion
m (£0.53 ft per mile): (£0.53 ft per mile): ' VIS
45% of combined zone land area 24% of entire zone land area AW 2 ,
94% of all cities and towns ] ] ] i 95% of all cities and towns ] ] ] i A\ Pl
GJ 96% of population Linear distortion at _t(_)pographlc 97% of population Linear distortion at .t(_)pographlc 20
surface (parts per million) surface (parts per million)
H Distortion values on land (ppm) < -400 to -200 to +150 Distortion values on land (ppm) < -400 to -200 to +150
C'G z All zones: Cities and towns: to -400 to -150 to +200 , z z Entire zone: Cities and towns: to -400 to -150 to +200 b
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Lambert Conformal Conic projection Distortion values (ppm) | Linear distortion at topographic Lambert Conformal Conic projection Distortion values (ppm) | Linear distortion at topographic
American Samoa Datum of 1962 All island land areas: surface (parts per million) Pacific Terrestrial Reference Frame of 2022 All island land areas: surface (parts per million)
CD Central parallel: 14° 16’ S Min = -153 Range = 152 <-120 to -60 to +60 Central parallel: 14°15'S Min =-134 Range = 152 <120 to -60 to +60
: Cen parallel scale: 1.000 000 (exact) Max = -1 Mean = -34 to -120 to -40 to +80 Cen parallel scale: 1.000 02 (exact) Max = +18 Mean =-14 to -120 to -40 to +80
... | Areas within £50 ppm distortion Tutuila: to-100 || +20 to +100 ... | Areas within £50 ppm distortion Tutuila: to-100 || +20 to +100
{ (+0.26 ft per mile): Min =-98  Range = 95 to -80 to +40 >+100 g (£0.26 ft per mile): Min =-78  Range =95 to -80 to +40 >+100
Nl | 77% of all island land areas Max=-3  Mean =-26 W | 90% of all island land areas Max =+17 Mean = -6
NoAA's | 87% of Tutuila Ofu-Olosega: Ta'u: NoaAs | 99% of Tutuila Ofu-Olosega: Ta'u:
Jatonal | 82% of Ofu-Olosega Min = -81 Range = 80 Min =-153 Range = 149 g:gggﬁt': 97% of Ofu-Olosega Min =-62  Range =80 Min =-134 Range =150
survey | 46% of Ta'u Max = -1 Mean = -28 Max = -4 Mean = -60 survey | 3% of Ta'u Max = +18 Mean =-8 Max = +16 Mean = -40
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Future Staté Plane Coordinate System for the United States

Michael L. Dennis, Dana J. Caccamise Il, and William A. Stone

Conformal The United States State Plane Coordinate System (SPCS) will soon change!

(LCC) Projection
A new version (SPCS2022) will replace the existing North American Datum of 1983 (NAD83) version (SPCS e
83) as part of the transition to the Terrestrial Reference Frames of 2022 of the ongoing modernization of the U.S. o |
National Spatial Reference System. Because this change will significantly impact U.S. mapping, surveying, Projection 'qrace | Geted Griddistance >
S engineering, and myriad georeferenced activities, NOAA’s National Geodetic Survey (NGS) is seeking user- (sacent) | ' cllipsoid distance
Mercator community input on the development of SPCS2022 (see below for deadlines). In support of this process, NGS

This design approach
used for SPCS 27 and 83
(minimizes distortion with
respect to ellipsoid)

. Ellipsoid
- distance

) |(™) IS creating preliminary designs (subject to change, based in part on state input) of SPCS2022 zones (including
statewide zones) to help state stakeholders make informed decisions on what design best meets each state’s
needs. These SPCS2022 designs are illustrated on the side panels with maps showing linear distortion (map
scale error) at the topographic surface, along with maps of existing SPCS 83 (or 27) distortion. The map
comparisons provide a means to visually assess the performance of proposed SPCS2022 zones and to compare
Oblique them to SPCS 83. The intent is that SPCS2022 will be a technically sound and practical component of the
("ﬂf,;,‘;at” nation’s spatial data infrastructure of tomorrow, fully satisfying the broad needs and applications of the
geospatial community for years to come.
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Linear distortion with respect to topographic surface

. Projection
Topographic axis ground

All interested parties are invited to partner with NGS in this collaborative effort to formulate and optimize the surface \ | distance
State Plane Coordinate System of 2022! '
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SPCS2022 projection types (above): Schematics contrasting the zone design approach and characterization of linear intersecting)

= all conformal projections distortion (map scale error) for: O o 2pproach

= based on Geodetic Reference System of 1980 (GRS80) ellipsoid = SPCS 27 and 83 (top): minimizes distortion with respect to the ellipsoid will be used for SPCS2022

= SPCS2022 LCC projection will use the 1-parallel form = SPCS2022 (bottom): minimizes distortion with respect to the topography R
(whether secant, tangent, or non-intersecting) Positioning the developable surface (the plane) along the topography (vs. the

= same projections used for SPCS 27 and 83 ellipsoid) reduces distortion in many regions, particularly at higher elevation.

State Plane Coordinate Systems of 1927 (134 zones) and 1983 (125 zones)

135°E 150°E 165°E 180° 165°W 150°W 135°W 120°W

' This map summarizes the zonesof |
both SPCS 27 and 83 and indicates| = >~
\Where 27-83 zone parameter/ ol
3l extent changes exist. SPCS2022 | . ‘ z 7 | e
3 will comprise similar zone extents e | B 110 20ne8 for originl SPCS 27
| for some states and will be D et | = 7 112 zones for final SPCS:27

| : | . Alaska 108 zones for final SPCS 83 - =
completely redefined for others, | .~ 10 zones _ (Note: 3 TM zones defined in Michigan in- -\,

| based on stakeholder input. The ‘ | | (SPCS 27 AK ane 9 (eferenced -1?‘934 replaced by 3 LCC zones in 1964) 3

| i L | | to datums established in 1952 on D N i
 red footprints indicate states/zones , four islands in the Bering Sea)

| featured in the SPCS 83 (or 27) vs.
SPCS2022 zone and statewide | o N
| distortion maps on the left and | ,_,:,,;f‘ 7 e Vi NS JLL Ao
 right poster panels. Find this map e W
—and much more detailed SPCS
Information — in the
comprehensive 2018 report:
“The State Plane Coordinate e T
System: History, Policy, and - | 5zones
Future Directions” (see below). il

Old Hawaiian Datum)

7 - Puerto
. | , | | | “ .. . U.S. Virgin Islands
f“am | \ =% | 27ones for SPCS 27
hgles * | i 1zoneforSPCS 83 - .
 (SPCS 27 referenced ' . @B@Sa%ﬁéfqréb’é’éﬂ’tﬁ 5
o Guam 1963 Datum) .. | Puerto Rico,1940'L

State Plane Coordinate Systems AOf 1927 and 19
All zones throughout the NSRS for both systems

ARiBTIEAT S5Moa Total of 134 zones for SPCS 27
1 zone, only for SPCS 27 - Total of 125 zones for SPCS 83

(SPCS 27 referenced to
American Samoa 1962 Datum)

23 SPCS 83 zones with geodetic parameters
| that changed from SPCS 27

| = | | e 0 500 1,000 1,500 2,000 777/, 7 SPCS 83 zones where SPCS 27 extents changed,
s S s e ™ e kM __ previous zone absorbed, or new zone added
165°W | 135°W 120°W 105°W 90°W 75°W
Explore the left poster panel to compare linear distortion maps for 4 states / territories based Explore the right poster panel to compare linear distortion maps for 4 states based on: existing
on: existing SPCS 83 (or 27) design and preliminary SPCS2022 default design. Compare zone SPCS 83 design, preliminary SPCS2022 default design, and preliminary SPCS2022 statewide
statistics and note the typical improvement (decreased distortion) in default zone performance design. Compare zone statistics and note the typical improvement (decreased distortion) iIn
due primarily to positioning the developable surface (the plane) at the topographic surface and default zone performance. Statewide zones are designed to support geospatial activities that
weighting by population. benefit from a single, consistent state coordinate system, such as a statewide GIS.

Learn More

NGS website: https://geodesy.noaa.gov

SPCS website: https://geodesy.noaa.gov/SPCS/

SPCS2022 Proposed Policy/Procedures:
https://geodesy.noaa.gov/SPCS/draft-policy.shtml

Deadlines for Stakeholder Involvement
August 2018: proposed policy/procedures feedback (Federal Register notice)
December 2019: state zone requests/proposals to NGS
December 2020: state zone designs to NGS
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Existing SPCS 83
Design

Preliminary SPCS2022
Statewide Design

Preliminary SPCS2022
Default Design

North American Terrestrial Reference Frame of 2022
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Origin longitude: 119° 30' W
Skew axis scale: 0.999 85 (exact)
Skew azimuth: -34°

Areas within ¥400 ppm distortion
(x2.11 ft per mile):

92% of entire zone

98% of all cities and towns

99.7% of population

35°N
35°N
39°N

38°N

Distortion values (ppm)

37°N

34°N
34°N

- e - — Entire zone: Cities and towns:
Ingl d Ingl q! . :
rolewo SRl e i ;::ci s Min=-749  Min, Max = -474, +559
; A z Max = +671 Range = 1032
& Range = 1420 Median =-116
Mean =-134 Mean = -46
. = (weighted by population)
121°W 120°W 119°W 118°W 1M7°W 116°W 115°W 121°W 120°W 119°W 118°W 1M7°W 116°W 115°W ;
Lambert Conformal Conic projection Distortion values (ppm) | Linear distortion at topographic Lambert Conformal Conic projection Distortion values (ppm) | Linear distortion at topographic Linear distortion at topographic
North American Datum of 1983 Entire zones surface (parts per million) North American Terrestrial Reference Frame of 2022 Entire zones surface (parts per million) surface (parts per million)
. o L] L 1] - - o L] -
{"“\ Areas within 100 ppm distortion Cities and towns: to -350 to -100 to +250 {“\ Areas within 100 ppm distortion Cities and towns: to -350 to -100 to +250 to-600 || +100 to +600
@) | (£0.53 ft per mile): Min =-365 Range = 438 to -300 +50 to +300 @) | (£0.53 ft per mile): Min = -338 Range = 438 to -300 +50 to +300 . S to-500 | |to+200 to +700
noaas | 1% of entire zone Max = +73 Median = -62 to -250 to +100 > +300 noans | 41% of entire zone Max = +100 Median = -34 to -250 to +100 > +300 B to-400 | |to+300 > +700
National [ 70% of all cities and towns Mean = -31 National | 76% of all cities and towns Mean = -3 ‘ 0 100 200 300 400
: ; 0 50 100 150 200 ; o 0 50 100 150 200
GSet?r?/ch 91% of population (weighted by population) km GSel?r?/ch 90% of population (weighted by population) km 123W  122°W 121°W  120°W  119°W MgEW MW 116w 15w km
Existing SPCS 83  <@n Preliminary SPCS2022 @ Preliminary SPCS2022 @
design: - 3 default design: N statewide zone design: ~%7
- NOAA's - NOAA's - NOAA's
New Mexico National New Mexico National e = New Mexico National
Geodetic Geodetic ® | Geodetic
Central Zone Survey Central Zone Survey Survey
Transverse Mercator projection Transverse Mercator projection Transverse Mercator projection

North American Terrestrial Reference Frame of 2022

Central meridian: 106° 03' W
Cen merid scale: 0.999 87 (exact)

North American Datum of 1983

Central meridian: 106° 15' W
Cen merid scale: 0.999 9 (exact)

North American Terrestrial Reference Frame of 2022

Central meridian: 106° 06' W
Cen merid scale: 1.000 21 (exact)

36°N

36°N
36°N

Michael.Dennis@noaa.gov
Dana.Caccamise@noaa.gov
William.Stone@noaa.gov

]
H =
Areas within 100 ppm distortion A ke \ o ‘/', Ui C . ucimear ' Areas within 100 ppm distortion Areas within *400 ppm distortion
(£0.53 ft per mile): 2 : . i : ey (0.53 ft per mile): = z | (*2.11 ft per mile):
0% of entire zone 70% of entire zone . “ | 75% of entire zone
0% of all cities and towns 76% of all cities and towns 66% of all cities and towns ﬁ
0% of population 90% of population | 82% of population
Distortion values (ppm) Distortion values (ppm) % Distortion values (ppm) CD
Entire zone: Cities and towns: & : Entire zone: Cities and towns: o ¢ | Entire zone:  Cities and towns:
Min = -670 Min, Max = -484, -151 ; Min = -376 Min, Max = -188, +164 Min = -724 Min, Max = -531, +659
Max = -94 Range = 333 Max = +117 Range = 352 Max = +713 Range = 1190
Range =576 Median = -364 Range =493 Median =-58 f Range = 1437 Median =-271
Roswell Mean =-346 Mean =-323 Mean = -32 Mean = -2 “ Mean = -85 Mean = -199
(weighted by population) (weighted by population) z I |z (weighted by population) <
Linear distortion at topographic ) S 00 Linear distortion at topographic [ : Linear distortion at topographic
surface (parts per million) surface (parts per million) & surface (parts per million) m
2 <-400 to -200 to +150 <-400 to -200 to +150 <-700 | |to-300 to +400 ﬁ
|7 BRI to -400 to -150 to +200 to -400 to -150 to +200 . . to -700 to -200 to +500
to -350 to -100 to +250 : to -350 to -100 to +250 8 |8 to-600 | | +100 to +600 CD
ol to -300 +50 to +300 & to -300 +50 to +300 to-500 | |to +200 to +700
e ‘ El Paslo’f 1o r ok to -250 to +100 > +300 e ¥ ‘ to -250 to +100 > +300 to-400 | |to +300 > +700
e | 4“] = 'ix s Q’gf:‘g‘,’,;g’,, @ Al 0 50 100 150 200 250 A4 | VIEE :)(. | J"gf:‘g‘.’,;;‘:." A 0 50 100 150 200 250 50 200 250
109;W - 108°V\7 = 107°W 106°W 10.’:';°W 164°W km 10{9;W ] 108°V\7 = 107°W 106°W 105°W 1(IJ4°W km ﬂ km
156°W 154°W 152°W 150°W 148°W 146°W 144°W B ol > 156°W 154°W 152°W 150°W 148°W 146°W 144°W s . " 170°E 175°E 180° 175°W 170°W  165°W  160°W  155°W  150°W  145°W  140°W 135°W 130°W 125°W 120°W U
; ' i, 7 z EXlStlng SPCS 83 { m\} i I Prellmlnary SPCS2022 @ P Prelimina / / Barfow 1 \ \ Distortion values (ppm)
z |z design: Nl z default design: il {@ Ty . / | \ _\_ | Land area of entire zone:
¢ '-8 NOAA's ¥ NOAA's ;| =~  SPCS2022 / \\’T a2 | \lin =-5733  Range = 16,834 |5
Alaska National Alaska National ©| NOAA's N - s d -
Geodetic Geodetic National statewide g | Max =+11,101 Mean = -1874
Zones 3,4,and 5 suwy Zones 3,4,and 5 sy el S one design: Cities and towns:
. . . . urvey - =
Transverse Mercator projections Transverse Mercator projections z Min =-5161  Range = 15,301 |-
z z North American Datum of 1983 z North American Terrestrial Reference Frame of 2022 @ Alaska Max = +10,140 Median =-3983 |
N ¢ Central meridian: 146° 00' W (Zone 3) S Central meridian: 146° 00' W (Zone 3) NOTE: Distortion statistics are 1 | Mean =-3976 \/
Central meridian: 150° 00' W (Zone 4) Central meridian: 150° 00' W (Zone 4) for land areas only e (Weighted by population)
Central meridian: 154° 00' W (Zone 5) Central meridian: 154° 00' W (Zone 5) : =l 1 Areas within £5000 ppm |5
il Cen merid scale: 0.999 9 (all zones) Cen merid scale: 1 (exact, all zones) /7 . i (io,sty) distortion O
z o z b 4 : : z| R : : / (£26 feet per mile):
& J: | Areas within _.100. ppm distortion & Areas within __100. ppm distortion ) \\/ L i | 52% of entire zone Z
(0.53 ft per mile): (£0.53 ft per mile): . T~s&eng, & - : W 87% of all citi dt 5 I ‘
27% of entire area of combined zones 72% of entire area of combined zones \\N/ / 629 a'g‘?’a//e/ 7 97(; Of avel Ilets Src WS
52% of all cities and towns 94% of all cities and towns T / 4J A ~ ' j o170 popu Al ﬁ
26% of population 98% of population = / \/K nch:;":ge o A sk h 4),} S .
=| » - :’.9, ~ / e o o REA ag ayl‘f ‘ i A “ 38
& B Distortion values (ppm) & Distortion values (ppm) 7/\ / e Kéha i g : i ayade j
#1 | Entire area  Cities and towns: Entire area  Cities and towns: : W \ \ o Sk 2
all zones: Min, Max = -259, +38 all zones: Min, Max =-159, +138 i - \ \ \L/ IR ]
Min =-1027  Range = 297 Min = -927 Range = 297 8 : < \ l/_,// \ Sitk Ve | B CD
Max = +71 Median = -99 Max = +171 Median = +1 g Kodirﬁr// | \ \ RN
z |z | Range = 1098 Mean = -91 z Range = 1098 Mean = +9 4l | ‘\ o TR
Mean = -154  (weighted by population) Mean = -54 (weighted by population) E | il / \ \ ///////V\‘/ \ Rupe
Linear distortion at topographic Linear distortion at topographic R ¢ | Lambert Conformal Conic projection
surface (parts per miIIion) surface (parts per miIIion) p‘ﬁ'm North American Terrestrial Reference Frame of 2022
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