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NSRS Modernization Delay

https://geodesy.noaa.gov/datums/newdatums/delayed-release.shtml
https://geodesy.noaa.gov/datums/newdatums/FAQNewDatums.shtml

Operational, workforce retention and other issues have 
delayed NSRS Modernization

SPCS2022 zones will be finalized in 2024 but will not be 
rolled out until all of the NSRS is modernized.

Beta rollout planned for 2025, full rollout in 2026



Importance of Coordination

39 Coordinators

14 Advisors



NGS Resources
NGS Training Center

https://geodesy.noaa.gov/web/science_edu/training/
Educational Videos

https://geodesy.noaa.gov/datums/newdatums/WatchVideos.shtml
NGS Webinar Series

https://geodesy.noaa.gov/web/science_edu/webinar_series/

Geospatial Summit (2021, 2019 recorded sessions)
https://geodesy.noaa.gov/geospatial-summit/

Presentation Library
https://geodesy.noaa.gov/web/science_edu/presentations_library/



NGS Resources – Educational Videos

https://geodesy.noaa.gov/datums/newdatums/WatchVideos.shtml



NGS Resources – Online Lessons

https://geodesy.noaa.gov/web/science_edu/online_lessons/index.shtml



NOAA and NGS
Our Nation’s First Civilian Science Agency

1807
Thomas Jefferson
Survey of the Coast

1811
Ferdinand Hassler
Superintendent

1836
U.S. Coast 
Survey

1878
U.S. Coast and
Geodetic Survey

1970
NOAA is established



NGS’s Mission
To define, maintain and provide access 
to the National Spatial Reference 
System (NSRS) to meet our Nation’s 
economic, social, and environmental needs.  
…………………………………………….......
..................
The NSRS is a consistent coordinate system 
that defines latitude, longitude, height, scale, 
gravity, orientation, and shoreline throughout 
the United States. 

Sectors that Rely on Geodesy

Land 
Surveying



NGS’s Historical Horizontal Networks

http://www.geodesy.noaa.gov/PUBS_LIB/NADof1983.pdf

US Standard Datum 1900 North American Datum of 1927 (NAD 27)



1983 Control Networks

Status of Horizontal Control 1983 Status of Vertical Control 1983



The Bilby Tower





The Importance of Geodesy

1816-1817 1969 Today



The Earth is Infinitely Complex

Build Models to Simplify



Datums and Reference Frames

A reference surface or framework to 
reference your data to for consistency

aka P(Lat,Lon,Ht)

= 
lat
.= 

lon
g.

= 
ht
.

X,Y,Z vs Lat, Lon, Ht

60”, 
201952”, 
201846”, 
2017



Gravity is Fundamental
Aristotle (350BC)

Objects fall proportional to mass
Al-Khazini (1121)

Gravitational potential energy
Galileo (1590)

Terminal velocity
Newton (1687)

Gravity inverse-square law
Einstein (1913)

Theory of general relativity



Gravity of the Redefinition of the 
American Vertical Datum

GRAV-D
100% Complete (12/2023)



Why Modernize the NSRS
Current models built on old technology

NAD 83 not truly Geocentric (~2.2m)

NAVD 88 relies on marks in the ground
and is not easily maintained

Today’s technology needs better accuracy



Main Benefits of Modernized NSRS

Fast, Accurate, Consistent Elevations Everywhere

Improved Public Safety
Flood Plain Maps
Emergency Route Planning

Accurate Positioning
Autonomous vehicles, BIMs, Smart Cities



Best ways to determine coordinates in Modernized NSRS

1.  Resurvey: Return to the field and collect new 
observations, relying upon geodetic control that has 
coordinates in the new datum

2.  Readjust: Using existing observations, re-compute 
new coordinates based upon geodetic control 
(CORS) that has been defined in the new datum

3.  Transform: Take finished products which have 
coordinates in the old datum and use transformation 
software to estimate coordinates in the new datum



The Future Reference Frames

Tectonic Plate based
Each Plate is based on the same
densified ITRF model

North America NATRF
Caribbean CATRF
Pacific PATRF
Mariana MATRF

The tectonic plates “fixed” for the 
2022 Terrestrial Reference Frames

NATRF2022

PATRF2022

MATRF2022

CATRF2022



NAVD 88 Issues
NAVD 88 suffers from a known bias and tilt 

(about 1 meter across CONUS) relative to the gravimetric geoid



24

House

BM

House

BM

A hypothetical example…
1954:  Leveling Performed to bench mark

1991:  Original 1954 leveling data is 
used to compute the NAVD 88 height 
which is then published for this BM

The true height relative to the NAVD 88 
zero surface is not the published NAVD 88 height

H88(published)
H88(true)NAVD 88 zero height surface

NAVD 88 suffers from unknown 
movements before, during and 

after its original adjustment

1954-1991:  Subsidence

House

BM

NAVD 88 Issues



NAPGD2022 Geopotential Datum
North American-Pacific Geopotential Datum of 2022

Models included:
   Geopotential
   Deflection   
   Gravity    
   Geoid

Guam/CNMI American Samoa¼ Earth’s Surface

Not a vertical datum, it is more than just heights. 



NSRS Modernization Catch Phrase

Shift and Drift
Not the Fast and Furious



Shift and Drift
• A sudden shift

– Horizontal change:  0.5 to 4 m (1.5 to 13 ft)
– Ellipsoid height change:  ±2 m (±6 ft)
– Elevation change:  -0.5 to +2 m (-1.5 to +6 ft)

• A continuous drift
– Coordinates associated with specific dates

• Two components of drift:
– Tectonic plate rotation (easy to model, 2D only)
– All other residual motion (hard to model, 3D)



Shift: datum changes

~1 to 1.5 meters North America
~2.5 to 4 meters in Pacific 0 to 1.3 meters CONUS



Drift: Plate Tectonics and Velocities

Annual changes to 
ITRF2014 coordinates



Continuously Operating Reference Stations

P037
Canyon City

Colorado

CTMC
Golden

Colorado



Vertical Motion
Subsidence

Ground fluid withdrawal, sedimentation

Glacial Isostatic Adjustment (GIA)
Crustal rebound from glaciers (uplift)

Geophysical Phenomena
Earthquakes, calderas, Earth tides



Vertical Motion
8.5 meters
50 years

San Joaquin Subsiding
20-24” in 16 months

May 2015
to

Sept 2016

Hudson Bay Uplifting
8 -13 mm/year



Horizontal and Vertical Motion - 
Earthquakes

2020 Puerto Rico
16 cm Vertically

2019 China Lake, CA
6-10 feet Horizontally



GPS on Bench Marks

Web Map Application Dashboard ~3,400 Completed in 2020
~4,900 Completed in 2021
~2,500 Completed in 2022
~2,100 Completed in 2023

CO 14% Complete
WY 21% Complete



OPUS Shared Solutions Dashboard

Agency type
# Shared 

Solutions on 
NGS marks

State ~44,900

Private Sector ~7,900

Federal ~4,700

Academic ~1,800

2018

2020
2021

Note the 
impact of 

GPSonBM 
Campaigns 

Dashboard enables sorting and visualization of Shared Solutions by
Month & Year, State, Agency Type, and submitting agency 



CO OPUS Shared Solutions

57
116
115



57
116
115

OPUS Shared Solutions 
Dashboard Demo



NGS Mark Recovery Webpage
Crowd sourced mark recoveries help update the GPSonBM map, let NGS and 

others know if the mark is still usable, and pictures make it easier to find. 

https://geodesy.noaa.gov/surveys/mark-recovery

Now with Find Marks Near Me!

Maintain your local control network: 
Submit a Recovery Note for each 

mark you find (up to once per year)
Did you find it?
Is it GPSable?

Got new photos?



57
116
115

NAD 83 Overview
Time Assembling Data (1974-1986)
Data from: 

Canada, Caribbean, Central America, 
Greenland, Hawaii, Mexico, United States 

Included:
1,785,772 geodetic observations
266,436 stations



57
116
115

NAD 83 Overview
US Portion of NAD 83:

(a) 258,982 horizontal control stations
(b) 1,541,090 1st,2nd,3rd,4th order directions (horizontal angles)
(c) 188,629 geodetic distances
(d) 4,470 astronomic azimuth observations
(e) 666 doppler observations (Navy Navigation Satellite System Doppler)

- 655 observations on 612 stations in Conterminous US and Alaska
- 11 observations at 10 stations in Hawaii

(f) 112 VLBI observations (Very Long Baseline Interferometry)
- 45 stations

(g) 5 GPS (relative position observations) ties to VLBI



57
116
115

NAD 83 Overview
Canada Portion of NAD 83:

(a) 7,454 horizontal control stations
(b) 28,460 directions (horizontal angles)
(c) 10,333 geodetic distances
(d) 398 astronomic azimuth observations
(e) 726 doppler observations (Navy Navigation Satellite 
System Doppler)



National Adjustments

Geometric (approximate numbers)
Projects: ~5,300
Stations: ~107,000
Vectors : ~446,000



National Adjustments

Orthometric (approximate numbers)
USA

Projects         : ~23,900
Stations         : ~1M
Observations : ~2.1M

Canada
Projects         : ~2,900
Stations         : ~177,000
Observations : ~204,000



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

State Plane Coordinate System of 
2022 (CONUS, Alaska and Hawaii)

Three territory zones not shown:
Puerto Rico and U.S Virgin Islands

American Samoa

Guam and Commonwealth of the 

Northern Mariana Islands



CO SPCS 2022

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



CO SPCS2022 Experience

https://experience.arcgis.com/experience/dddb7bc0be6f4e56a1c370c8d529
d1a0

1 Statewide Zone
35 LDPs



https://experience.arcgis.com/experience/dddb7bc0be6f4e56a1c370c8d529d1a0/

Alpha State Plane Coordinate System of 2022 Experience

Demo



Alpha NCAT with SPCS2022

https://alpha.ngs.noaa.gov/SPCS/index.shtml



What is linear distortion and ppm?
Linear distortion is the same as map scale error at the ground 
surface, given in parts per million (ppm) rather than as a ratio.
Ex:

Distortion of 100 ppm is the same as:
10 cm per km, 0.53 ft per mile, or a ratio 1 part in 10,000

So for an actual horizontal distance of 1 mile, the projected 
(map grid) distance would be 0.53 ft shorter for negative 100 
ppm distortion, and 0.53 ft longer for positive 100 ppm 
distortion.



Linear distortion and ppm



SPCS 83 versus SPCS2022

ALLEN (Westminster, CO)



SPCS 83 versus SPCS2022

SPCS 83 CO N -282.5 ppm
UTM 13             -662 ppm  SPCS2022 CO -49.4 ppm 

ALLEN (Colorado State Zone)



SPCS 83 versus SPCS2022
ALLEN (DENVER METRO Zone LDP)

SPCS 83 CO N -282.5 ppm
UTM 13             -662 ppm SPCS2022 DENV -6.67 ppm 



SPCS 83 versus SPCS2022

SPRADDLE (Eagle County)



SPCS 83 versus SPCS2022
SPRADDLE (Colorado State Zone)

SPCS 83 CO C    -413 ppm
UTM 13                -623 ppm    

SPCS2022 CO -231 ppm 



SPCS 83 versus SPCS2022
SPRADDLE (EAGLE Zone LDP)

SPCS 83 CO C    -413 ppm
UTM 13                -623 ppm    

SPCS2022 EGLE -4.69 ppm 



SPCS 83 versus SPCS2022

BIERSTADT (Clear Creek County)



SPCS 83 versus SPCS2022
BIERSTADT (Colorado State Zone)

SPCS 83 CO N    -699 ppm
UTM13               -1029 ppm    

SPCS2022 CO -227 ppm 



SPCS 83 versus SPCS2022
BIERSTADT (Rocky Mountain Zone LDP)

SPCS 83 CO N    -699 ppm
UTM13               -1029 ppm   

SPCS2022 RKMT -518.6 ppm 



Newish NGS Map

https://noaa.maps.arcgis.com/apps/webappviewer/index.html?id=190385f9aadb4cf1b0dd8759893032db



Newish NGS Map

https://noaa.maps.arcgis.com/apps/webappviewer/index.html?id=190385f9aadb4cf1b0dd8759893032db

Share widget – shares location
https://arcg.is/1zybir



NGS Map Demo



NGS ArcGIS Online Resources

NGS Datasheets
NOAA CORS Network
GPS on Benchmarks Priority List 

(4 layers - marks, hexagons)
GEOID18 GPS on Benchmarks
GEOID12B GPS on Benchmarks
OPUS Shared Solutions
Mark Recoveries Submitted to NGS

Feature Services Raster Tile Services
GEOID18 Height (CONUS, PRVI)
GEOID18 Difference (CONUS, PRVI)
GEOID18 Uncertainty (CONUS, PRVI)
GEOID18 Improvements (CONUS, PRVI)

https://noaa.maps.arcgis.com/home/item.html?id=796bb54c74b84b8e96ed9591290246b1
https://noaa.maps.arcgis.com/home/item.html?id=2d16e70b9f94425db3b747190fd57723
https://noaa.maps.arcgis.com/home/item.html?id=ce27f315e22b4998b857adc9ebeb8e1b
https://noaa.maps.arcgis.com/home/item.html?id=b56699b6834a43329dbf0ebe7933ff03
https://noaa.maps.arcgis.com/home/item.html?id=b34695d9c72e47bbb7f13d335b02ebde
https://noaa.maps.arcgis.com/home/item.html?id=e69a13673af84e57b4e9098661f8f71d
https://noaa.maps.arcgis.com/home/item.html?id=a2310a62557442898a7ba1324510d9a4
https://noaa.maps.arcgis.com/home/item.html?id=a67c368676a94ffe963e8c3a1458eac0
https://noaa.maps.arcgis.com/home/item.html?id=2fd6cb0d6dae41e0b8ee04f853890cf6
https://noaa.maps.arcgis.com/home/item.html?id=127f3b3819154a32b9615a101d310379
https://noaa.maps.arcgis.com/home/item.html?id=c5d4f181f7ca468ca8032db0ec7a8900
https://noaa.maps.arcgis.com/home/item.html?id=45718382e5ac4c37874a4a445895262a
https://noaa.maps.arcgis.com/home/item.html?id=b859b2c4a8f747f9893abb3aab0072e3
https://noaa.maps.arcgis.com/home/item.html?id=298dd46b769743a8a94316bba88499fa
https://noaa.maps.arcgis.com/home/item.html?id=9a1cb878e35d4b6cb374140603e03cb1


Passive Marks Page



OPUS-Projects 5.2 for RTN/RTK Vectors

NGS is developing a new Standardized GNSS Vector EXchange Format (GVX) 
that will be used to ingest vectors into OPUS Projects 



OPUS-Projects 5.2 for RTN/RTK Vectors



NOAA Technical Memorandum NOS NGS 92
Classifications, Standards, and Specifications for GNSS 

Geodetic Control Surveys using OPUS Projects

Classifications of Network and Local Accuracy



NOAA Technical Memorandum NOS NGS 92



NOAA Technical Memorandum NOS NGS 92



Questions?

Brian Shaw
brian.shaw@noaa.gov

Magnitude of the Deflection of the 
Vertical


