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

to meet our Nation’s economic, social & environmental needs
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Why modernize the National Spatial 

Reference System?

• 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
– Less vulnerable to control instability (referenced to CORS)
– Time-dependent coordinates accommodate areas in motion

• CONSISTENCY!

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



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:



All coordinates and 

heights will change!









State Plane 2022

The Shape of Things to Come

Making the Earth flat again

…one zone at a time



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
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Oahu SPCS 83
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Oahu SPCS2022 (single zone)
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Honolulu inverse comparison

16

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



Transitioning Existing Geospatial Data and 

Products to the Modernized NSRS  

Listed in decreasing order of Accuracy, Cost, 
and Complexity

1.Resurvey
2.Readjust
3.Transform

NGS will provide tools for data transformation and 
is working with private geospatial software vendors 
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geodesy.noaa.gov



NGS Coordinate Conversion and Transformation Tool (NCAT)



NCAT – Converting SPC to Lat, Long



MAGIC ISLAND (TU1256) OLD HI SPC to NAD83(PA11)

Difference SPC OLD HI  to NAD83(PA11) 
Northing = 0.02usft
Easting = 0.14usft

Difference UTM OLD HI  to NAD83(PA11) 
Northing = 0.005m
Easting = 0.033m



GPS/Orthometric ~ Leveled (LMSL)

H
h

Ellipsoid
GRS80

H = GPS/Orthometric Height  (LMSL) = 2.366m         

N

Geoid

H = h - N

TOPOGRAPHIC SURFACE

h = Ellipsoidal Height (NAD 83) =17.863m

N = Geoid Height (GEOID12B) = 15.497m

GEOID12B

163 2340 GLO 

2.366 – 1.621 = 0.74/ 74cm



Extent of NAPGD2022 gravimetric geoid model

American Samoa

Guam and Northern Marianas Islands



GRAV-D in the Pacific

• Hawaiian collection is ~97% complete
• Complete American Samoa (40% Complete) in 2023 or 

2024.
• Guam (82% Complete) flying as of 04/25/2022.



GPS/Orthometric ~ NAVD88

H
h

Ellipsoid
GRS80

H = GPS/Orthometric Height     = 399.422m         

N

Geoid

H = h - N

TOPOGRAPHIC SURFACE

h = Ellipsoidal Height (NAD 83) = 370.594m

N = Geoid Height (GEOID18)     = -28.828m

GEOID18

S 348 
(Kansas)

399.422 – 399.431 = 0.01/10mm
0.03ft

NAVD88 Height                            = 399.431m         

GEIOD18 –Included of all available airborne gravity data – GRAV-D 

https://geodesy.noaa.gov/GRAV-D/data_products.shtml


In Closing
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

NGS will have the tools to transform 
your coordinates from historic datums and compute 

new coordinates.

… WILL need to be transformed for consistency with 
NEW coordinates in 2 to 3 years.



A HELPING GEODESIST 


