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Geodetic control (NSRS) is the foundation layer 

for all geospatial products.

Easiest way to think of “geodetic control”:  

Points with Coordinates 

***Soon to be Coordinates as a function of time

Without a geodetic control “base map” layer, GIS 

applications will not align properly!

Geodetic control needs to be more accurate than any 

survey or map which builds upon it

Accurate maps begin with 
accurate coordinates! 



NGS defines, maintains and provides 

access to the NSRS to meet our 

Nation’s economic, social & 

environmental needs

• North American Datum of 1983 (NAD 83)

• North American Vertical Datum of 1988 (NAVD 88)

The National Spatial Reference System (NSRS)

Latitude • Longitude • Elevation • 

Gravity • Shoreline Position

+ changes over time 

Today’s NSRS



North American Vertical Datum of 1988 is 
Based on Continental Scale Geodetic 

Leveling
Orthometric 

Heights tell you 

which way water 

will flow

NAVD 88 consists of about 800,000 bench marks 
connected by about 2.2M km of leveling observed 
over a span of 80+ years and all adjusted together. 

And then came 
GPS…



NGS defines, maintains and provides 

access to the NSRS to meet our 

Nation’s economic, social & 

environmental needs

Latitude • Longitude • Elevation • 

Gravity • Shoreline Position

+ changes over time 

North American Terrestrial Reference Frame (NATRF 2022)
Caribbean Terrestrial Reference Frame (CATRF 2022)
Pacific Terrestrial Reference Frame (PATRF 2022)
Marianas Terrestrial Reference Frame (MATRF 2022)

North America and Pacific Geopotential Datum (NAPGD 2022)

Tomorrow’s NSRS

The National Spatial Reference System (NSRS)



July 24, 2020-
Federal Register Notice Published



Set the framework of what 
NGS required for passive 
station coordinates to be 
considered ‘current’ for 2022 
datum and be used in the 
forthcoming transformation 
tool. 
• Said there must be two consistent 

GNSS observations on a station 
with at least one since 2014.

2020- July 24   Federal Register Notice 



AS SUCH, THIS ANNOUNCEMENT 
PROVIDES USERS OF THE NSRS (NATIONAL 

SPATIAL REFERENCE SYSTEM) WITH NOTICE THAT 
PASSIVE GEODETIC CONTROL POINTS 

OF INTEREST SHOULD BE RE-SURVEYED 
FOR THE MOST ACCURATE 

REPRESENTATION OF GEODETIC 
COORDINATES, INCLUDING HEIGHTS. 

2020- July 24   Federal Register Notice 



GPS on Bench Marks - What & Why?

Primary GPSonBM Campaign Benefits: 

• 2020.0 Reference Epoch Coordinates (REC’s)

• Data for NAVD 88 – NAPGD2022 Transformation Tools

• Build time series of observations in areas of motion

Added benefits:

• Evaluate gravimetric geoid models

• Check your RTN results

• Update and maintain passive control marks

• Identify marks suspected of movement

GPS on Bench Marks is about preparing the country and our communities to take full 

advantage of the benefits of the Modernized NSRS, by collecting new GPS observations on 

bench marks with published NAVD 88 heights. 



GPSonBM Measurements Connect 
Current and Future Datums

The relationship between the old and new datums vary by location. GPSonBM data is used to 

measure that relationship. The accuracy of the transformations in any particular place will be 

directly related to the density of GPSonBM data available in that area.
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PID: EZ0840

In moving from NAVD 88 to NAPGD2022, 
there will be a Shift: A one-time 0 to 2 meter 
jump in orthometric heights
-From fixing biases and/or tilts in NAVD 88

GPSonBM data is 
used to measure  

the Shift



Building on the Past to Prepare for the Future
GPS on Bench Marks is about collecting new GPS / GNSS data on existing NGS marks 
with published NAVD 88 orthometric heights. It's about building the Transformation 
Tool to connect the past and future Datums and preparing the country and our 
communities to take full advantage of the benefits of the Modernized NSRS

Benefits of Participating in GPSonBM: 
• Improve local results of NAVD 88 – NAPGD2022 Transformation Tools
• Receive 2020.00 Reference Epoch Coordinates (REC’s) with initial release 

of Modernized system
• Go 4D - Track changes over time with Survey Epoch Coordinates (SEC’s)

• Update Passive Control 
Status

• Check your RTN results



2022 Transformation Tool Campaign
NGS will make a national scale, mapping grade transformation tool with the data we have in 

the NGS Database and Shared through OPUS. We must interpolate over areas with data gaps. 

Uncertainties in the transformed 

coordinates will grow larger as the 

distance from a GPSonBM data 

point increases.



National Coverage and Local Densification
• NGS has a National Coverage goal of 10 km spacing 

10 km hexagons illustrate this coverage on the map

• Priority marks within each hexagon are selected 

automatically based on their metadata 

• Once the 10 km goal is reached, the opportunity to 

densify the model and improve local results is 

unlocked. 2 km hexagons appear along with new 

priority marks within those hexagons

Priority B hexagons are Blue 

Priority A Hexagons are Gold Hexagons where we have the 
data we need are marked Done 
and colored Green

10 km

2 km



NEW DEADLINE

for GPSonBM Data Submittal!!

**Data contributed by Dec 31, 2022 will be 

considered for use in creating the 

transformation tool
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via OPUS option 

“share my solution”

via OPUS option 

“project ID”

WHAT DATA?
minimal
one receiver, one 4+ hour observation

more; many receivers, redundant sessions, 

network adjusted by project manager

USE, in 

transformation tool

Will be used in modeling, 

existing BMs only (with published ortho heights)

Will be used in modeling,

all marks, as projects publish new NGS 

datasheets with ortho hieghts

USE, in

current generation 

datasheets

for all marks,

results appear as ‘shared solutions’

= not published geodetic control

for existing BM datasheets only,

updates “SCALED”>“HD_HELD2” coordinates

for all marks,

results appear as NGS datasheets

= published geodetic control

USE, in

next generation 

datasheets

will be published with 2020.00 RECs in the modernized NSRS

Data Contribution Routes

see also, mark recovery to update mark descriptions and add photos

https://geodesy.noaa.gov/marks/recovery/


State Plane Coordinate System of 2022

SPCS2022
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Previous State Plane webinars

• The State Plane Coordinate System: History, Policy, Future 
Directions (March 8, 2018)

• Building a State Plane Coordinate System for the Future
(April 12, 2018)

• State Plane Coordinate System Update (March 7, 2019)

• The State Plane Coordinate System of 2022: Making It 
Your Way (May 6, 2019, at Geospatial Summit)

• Be a Part of the Change: A Guide to Customizing State 
Plane for 2022 (October 10, 2019)
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https://geodesy.noaa.gov/web/science_edu/webinar_series/state-plane-coordinates.shtml
https://geodesy.noaa.gov/web/science_edu/webinar_series/state-plane-coordinates-2.shtml
https://geodesy.noaa.gov/web/science_edu/webinar_series/state-plane-coordinates-3.shtml
https://geodesy.noaa.gov/geospatial-summit/2019/presentations/day-1-dennis-spc-of-2022.shtml
https://geodesy.noaa.gov/web/science_edu/webinar_series/guide-customizing-spcs-2022.shtml


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)
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We     projected coordinate systems
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SPCS2022
Making the Earth flat again

…one zone at a time



Overall SPCS2022 characteristics

• Minimize distortion at topo surface, not ellipsoid
• Max of up to 3 zone “layers” allowed

– 1 statewide plus 0, 1, or 2 multiple-zone layers
– Most states will have total of 2 layers

• Many states made requests and proposals
– Proposals are for zones designed by the states
– Can include “low-distortion projections” (LDPs)

• NGS will design:
– Statewide zone for every state
– Default zones if no input from stakeholders (most with 

same zone extents and projection type as SPCS 83)
– Zones formally requested by states
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Maps of requests, proposals
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Maps of all SPCS2022 layers
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State Plane Coordinate System of 2022 (955 zones in 56 states and territories)



Maps of number of layers

23



Map number of zones
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geodesy.noaa.gov



Example map partial
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SPCS2022 zone designs

• All designs so far are PRELIMARY

• Begin finalizing designs NOW

– Compile and compare all designs

– Ensure consistent and correct

• Get stakeholder input before finalizing

– Solicit input from stakeholders mid-2021

– Finalize after stakeholder input

– Provide preliminary complete parameters now
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About the timing of it all…

• Stakeholder designs due by 3/31/2021
– Finalize all designs by late 2021

• Official release with all of NSRS modernization
– Cannot release prior to NSRS 2022 TRFs

– But complete definitions available sooner

• Other things (by end of 2021…?)
– Machine-readable definitions (e.g., WKT 2)

– SPCS2022 report

– Modify NGS algorithms (e.g., 1-parallel Lambert)

– Check NGS algorithms (refine after 2021…?)
28



How can surveyors prepare?

• Research your published control
• pre-1995 will NOT get new coordinates

• Use OPUS Projects to re-observe/process

• Set/occupy RTN Validation Stations (OPUS)

• Record ALL META DATA!

• Get familiar with terms, ask now, be ready



How can GIS experts prepare?
• Consider how you will store epoch dates

• Maps in ITRF2014 for LLh changes

• download xGEOID for elevation changes

• could make difference maps

• Get familiar with terms, ask now, be ready

• Time dependency - some datasets will be 
good with transformations

*Think about how to document 
epochs/dates and ALL your meta data!!



The future is already here —
it's just not very evenly distributed.

- William Gibson

Contact the GPSonBM team:

ngs.gpsonbm@noaa.gov

Provide Feedback:

ngs.feedback@noaa.gov



https://www.ngs.noaa.gov/ADVISORS/
-use any major search engine: “NGS advisors”

Daniel Determan
Northwest Regional Geodetic 

Advisor

dan.determan@noaa.gov
Office:  206-526-6874

Cell:  202-306-6716

https://www.ngs.noaa.gov/ADVISORS/

