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U.S. Department of Commerce
National Oceanic & Atmospheric Administration

National Geodetic Survey

Mission: To define, maintain & provide access to the 
National Spatial Reference System (NSRS)

to meet our Nation’s economic, social & environmental needs

Surveying 
and Mapping

Aviation

Precision Agriculture

Navigation

CORS

Satellite 
Operations



Role of National Spatial Reference System

• The NSRS is the official coordinate system for all 
geospatial work done by the U.S. non-military 
federal government. (Latitudes, Longitudes, 
Heights)

• A geodetic datum is an abstract coordinate 
system with a reference surface (such as 
NAD83(2011) or GUVD04) that serves to
provide known locations to begin surveys and
create maps. 

• Geodetic control provides a common reference
system for establishing coordinates for all
geographic data on geodetic datum.

• All National Spatial Data Infrastructure 
framework data and users' applications data
require geodetic control to accurately register
spatial data.



NSRS - Evolved Over Time 
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These are part of the NSRS*
Horizontal Datums
and Geometric 
Reference Frames

Vertical
Datums

Great 
Lakes 
Datums

Geoid Models Transformations 
and Conversions

USSD NGVD 29 IGLD55 GEOID90 NADCON

NAD 27 NAVD 88 IGLD85 GEOID93 VERTCON

NAD 83 PRVD02 ALASKA94

ASVD02 GEOID96 SPCS 27

NMVD03 GEOID99 SPCS 83

GUVD04 GEOID03 UTMs

VIVD09 GEOID06

GEOID09

GEOID12(A,B)

*This not a complete list.



These are not part of the NSRS*

Horizontal Datums
and Geometric 
Reference Frames

Vertical
Datums

Great 
Lakes 
Datums

Geoid Models Transformations 
and Conversions

WGS 84 IHRS OSU91A CORPSCON

ITRF EGM96 Appendix B.6 of 
DMA TR 8350.2 
(WGS 84)

IGS EGM2008 Oregon 
Coordinate 
Reference 
System 

The Kansas 
Regional 
Coordinate 
System

*This is not a complete list.



NAD83 Shortcomings
o 2.2 m offset – NAD83 vs.
• International Terrestrial Reference Frame 

(ITRF) [~ International GNSS Service 
(IGS)]

• World Geodetic System 1984 (WGS84)

o CORS <> passive network 
“disconnect”  

vs.

IT
RF

/W
G

S8
4



Why replace 
NAD 83 & Vertical Datums?

• Main driver:  Global Navigation Satellite System (GNSS)

• ACCESS!
– GNSS equipment is fast, inexpensive, reliable (and improving)
– Reduces reliance on finding survey control (“bench marks”)

• ACCURACY!
– Insensitive to distance-dependent errors; reliable
– Immune to bench mark instability (referenced to CORS)

• CONSISTENCY!
– Eliminates systematic errors in current datums
– Aligned with global reference frames
– Integrated system for both positions and heights (“elevations”)



The National Geodetic Survey 
Ten-Year Plan

Support the users of the National 
Spatial Reference System.

Modernize and improve the National 
Spatial Reference System.
( i.e., Replace NAD83 & NAVD88 )

Expand the National Spatial Reference 
System stakeholder base through 
partnerships, education, and outreach. 

Develop and enable a workforce with 
a supportive environment. 

Improve organizational and administrative 
functionality. 



2022 Datums Goals

 “Replace NAD83” - By 2022, 
reduce all definitional & access-
related errors in geometric 
reference frame to 1 cm when using 
≤30 min of GNSS data

 “Replace NAVD88” - By 2022, 
reduce all definitional & access-
related errors in orthometric 
heights, relative to sea level, in 
geopotential datum to 2 cm when 
using ≤30 min of GNSS data

 Provide tools to easily transform
between new old datums



Four Tectonic Plates NGS Monitors

 North American Terrestrial 
Reference Frame of 2022 
(NATRF2022)

 Pacific Terrestrial Reference 
Frame of 2022 
(PATRF2022)

 Caribbean Terrestrial 
Reference Frame of 2022 
(CATRF2022)

 Mariana Terrestrial 
Reference Frame of 
(MATRF2022)

In 2022, the entire National Spatial Reference 
System (NSRS) will be modernized and will 
contain four new reference frames:



Guiding Principles 
• The 2022 Datum will be modernized with Continuously 

Operating Reference Station (CORS) becoming the  
foundational component.

• The International Earth Rotation and Reference Systems 
Service (IERS) International Terrestrial Reference 
System (ITRF) will continue to be the worldwide standard 
reference system.

• NGS will continue to support the ITRF through 
International GNSS Service (IGS) reference sites.

• The NSRS will continue to be defined in relation to the 
ITRF.



Foundation CORS tentative target

Criteria

1. Co-located 
with space-
based 
technology 

2. Density
3. Euler pole
4. Additional site 

(Bermuda)



All coordinates and 
heights will change!











ELLIPSOID - GEOID RELATIONSHIP

H h

Ellipsoid
GRS80 or WGS84

H = Orthometric Height (NAVD88 or Local Mean Sea Level)

N

Geoid

H = h - N

TOPOGRAPHIC SURFACE

h = Ellipsoidal Height (NAD 83)
N = Geoid Height (GEOID12A, EGM08)

Geoid12A, EGM08

Geoid = Equipotential (level) surface, which defines best, in a least-
square sense, the global mean sea level.



H (GPS-OH)

Earth’s
Surface

GPS-OH

H (LMSL)

Errors  :  ~50 cm average, 
100 cm CONUS tilt, 
50/70 cm in Hawaii
1-2 meters average in Alaska                                                                   

Problems in Different Vertical Datums

HNL BEN
Geoid12A
5.894 = 21.090 – (+15.196)m 
5.894 = 5.320m (LMSL)
Difference ~ 0.574m or 1.87ft



• Changing from a leveling-based to a 
geoid/GNSS-based (gravimetric) 
vertical datum

• Orthometric heights accessed via 
GNSS accurate to 2 cm

• Three thrusts of project:
– Airborne gravity survey of entire 

country and its holdings
– Long-term monitoring of geoid 

change
– Partnership surveys

• Working to launch a collaborative 
effort with the USGS for 
simultaneous magnetic 
measurement

Gravity for the Redefinition of the 
American Vertical Datum (GRAV-D) 

Gravity and Heights are
inseparably connected



Extent of Gravimetric Geoid Model
NAPGD2022

American Samoa

Guam and Northern Marianas Islands



Vertical: Out with the old, in with the new

The Old:
NAVD 88
PRVD 02
VIVD09
ASVD02
NMVD03
GUVD04
IGLD 85
IGSN71
GEOID12B
DEFLEC12B

The New:
The North American-
Pacific Geopotential 
Datum of 2022 
(NAPGD2022)
• Will include GEOID2022

DEFLEC2022
SGRAV2022

Orthometric
Heights

Normal
Orthometric
Heights

Dynamic
Heights

Gravity

Geoid Heights

Deflections of
the Vertical

One vertical datum 

Estimated change in orthometric heights from NAVD 88 to NAPGD2022



What to do with historic 
maps/charts?Is the accuracy 

expected to be 
better than a few 

meters? Stop.  You won’t 
likely gain much 
by transforming

Do you have trusted 
metadata which puts the 
map/chart in the NSRS?  

NoYes

Stop.  Transformation tools 
only work in the NSRS and 

only if you trust the 
metadata

No

Use NCAT to update the 
datums in 2022

Yes



X, Y, Z

USNG UTM

SPC

φ, λ, h

X, Y, Z

USNG UTM

SPC

φ, λ, h
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 Y

, Z
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TM
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, h

USSD

Old Hawaiian, Guam

NAD 83 (1986)

NAD 83 (2011,PA11,MA11)

NAD 83 (NSRS2007)

NAD 83 (FBN)
NAD 83 (HARN)

2022 NGS Coordinate Conversion 
& 

Transformation Tool 
(NCAT)







Map Projections



History and Future of State Plane
• SPCS created 85 years ago

– SPCS 27:  1933 – 1986 (53 years, with some changes)

– SPCS 83:  1986 – 2022 (36 years, with some changes)



Grid distance > 
ellipsoid distance

Projection
axis 

Linear distortion with respect to ellipsoid

Grid distance < 
ellipsoid distance

Ellipsoid 
distance

Ellipsoid 
distance

Projection 
surface 
(secant)

This design approach 
used for SPCS 27 and 83 

(minimizes distortion with 
respect to ellipsoid)

Ellipsoid 
surface



A New State Plane for 2022
• State Plane Coordinate System of 2022 (SPCS2022)

– Referenced to 2022 Terrestrial Reference Frames 
(TRFs)

– Based on same reference ellipsoid as SPCS 83 
(GRS 80)

– Same 3 conformal projection types as SPCS 83 
and 27:

Transverse 
Mercator 

(TM)

Oblique 
Mercator 
(OM)

Lambert 
Conformal 
Conic 
(LCC)



Getting Acquainted with SPCS2022

• Distortion design requirements
– Minimize distortion at topographic surface 

(not at ellipsoid surface)
– Purpose:  to reduce difference between and 

projected “grid” and actual “ground” distances



Projection
axis 

(k0 > 1)

Projection 
surface (non-
intersecting)

Ellipsoid 
surface Ellipsoid 

distance

Topographic 
surface

Horizontal 
ground 

distance

Linear distortion with respect to topographic surface

h

R

Grid distance 
> ellipsoid 
distance

≈ ground distance 
(k > 1 and δ ≈ 0)

This design approach 
will be used for 

SPCS2022 (minimizes 
distortion with respect to 

topography)



Projection
axis

Changing projection axis to reduce distortion variation

Ellipsoid 
surface

Grid distance = 
ground distance 
at many points

Topographic 
surface

This design approach is 
being used for SPCS2022 

(minimizes distortion with 
respect to topography)

ONLY way to reduce variation in 
distortion is to change projection 
axis location (or change projection).



More About SPCS2022

• Statewide zones created for all states

• Default zones created as necessary
– To ensure all states and territories covered
– Modify existing zones to meet policy

States often want statewide and small zones
Statewide:  Single geometry required for state GIS
Sub-zones: Lower distortion for surveying/engineering



Maps of all SPCS2022 layers

37

State Plane Coordinate System of 2022 (955 zones in 56 states and territories)
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Honolulu inverse comparison

40

SPCS 83 shorter than 
SPCS2022 by 0.0563 ft, or 
10.8 parts per million (ppm)

SPCS2022 
longer than 
ground distance 
by 0.0001 ft 
(0.02 ppm)

Compare grid distances:  SPCS2022 statewide 
versus SPCS 83 Hawaii Zone 3 in Honolulu



And now for something completely different…



Two versions of “foot” in current use:

A tale of two feet

“Old” U.S. survey foot “New” international foot
1 ft = 0.3048 m exactly1 ft = 0.3048006096… m

differ by
2 parts per million 

(ppm) or ~0.01 ft/mile

A real problem with real costs



Who is responsible for standards?

Today:
National Institute of Standards and Technology



Congress is the Authority
Per the U.S. Constitution

(Article I, Section 8, Clause 5)

“The Congress shall have 
Power … To coin Money … 

and fix the Standard 
of Weights and Measures” 

Why?  To avoid the “toothbrush problem”



The trouble with standards…

Image from beyondplm.com

Without uniformity, standards 
are useless



• That was original intent (60 years ago!)
• Two “feet” is inefficient and causes confusion

– Leads to errors that cost money
– Absurd to have “same” unit that differs by 2 ppm
– Defeats purpose of having a length standard

• Only recognized in part of U.S.
• NGS software can support backward-compatibility
• Now is the time

– Many changes already being made for 2022
– Change in foot trivial compared to other changes
– U.S. survey foot problems will never go way if not 

addressed

Why make the change?





0.08ft

3.39ft



Map of error in mixing feet
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Procedures and Workflows:
• Analyze current procedures and workflows
• Create plans for adjusting future data collection,

including contract language

Data:
• Maintain raw data collected today for

transformations to the new datums in the future
• Ensure proper metadata for current data and

planned data collection to ensure the proper
transformations will be used in the future (datum, 
foot)

• Share information with NGS so we can understand
agency challenges in converting current data to new
datums

How can you prepare for 2022 Datum?



geodesy.noaa.gov



geodesy.noaa.gov





Summary or Bottom Line
If you do geospatial work in the United States and its 
territories, and you work in the National Spatial 
Reference System, then every product you’ve ever 
made…

– every survey
– every map
– every lidar point cloud
– every image
– every DEM

… WILL have NEW coordinates in 4/5 years.



Mahalo
Questions ????

Edward E. Carlson
Pacific Regional Geodetic Advisor
National Geodetic Survey
email: ed.carlson@noaa.gov

Michael L. Dennis 
State Plane Coordinate System 2022 Project Manager
National Geodetic Survey
email: Michael.dennis@noaa.gov
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