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   -Department of Commerce (DoC)
     (~47,000 employees)
   
   -National Oceanic and Atmospheric 
     Administration (NOAA)

     
   -National Ocean Service (NOS)

Organizational Structure

    -National Geodetic Survey (NGS)

      (~175 employees)
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Geodetic Survey

1970

NOAA is established
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Our Nation’s First Civilian Science Agency



The NSRS Supports: 

National Oceanic and Atmospheric Administration

NSRS positioning data provides the reference for NOAA’s 

nautical charts, among many other geospatial applications.  

Federal Emergency Management Agency

FEMA uses NSRS elevations to determine flood zones 

for the National Flood Insurance Program.  

United States Army Corps of Engineers

USACE uses NSRS elevations to determine levee heights 

and positions in their Levee Safety Program. 

United States Geological Survey

USGS uses the NSRS to geospatially reference their 

Topographic Maps and interior water data for the nation.

National Geospatial Intelligence Agency

NSRS gravity data contributes to NGA’s geospatial mission.



NGS’ 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. 



The National Spatial Reference System 

(NSRS) provides the positioning 

framework - or foundation - for all 

geospatial products.

The NSRS Provides Consistent Coordinates 

Throughout the Nation

NSRS



The National Spatial Reference System 
(NSRS)

A common and consistent geospatial framework to meet the 
economic, social, and environmental positioning needs of our 

Nation. 

   Foundational elements include: 

Latitude • Longitude • Elevation • 

Gravity • Shoreline Position

      + changes over time 

+ + =

Reliable FIRMs require data from disparate sources and dates be consistently aligned



A Couple of Things Before We Dive In

Please consider inviting a National 
Geodetic Survey (NGS) Speaker to 
upcoming meetings or conferences with 
attendees that would be interested in 
learning more about this topic

The National Spatial Reference System of 
2022 (NSRS2022) Blueprints part I, II, and 
III are now published and available: 
https://www.ngs.noaa.gov/geospatial-
summit/2019/presentations
.shtml

https://www.ngs.noaa.gov/geospatial-summit/2019/presentations.shtml
https://www.ngs.noaa.gov/geospatial-summit/2019/presentations.shtml
https://www.ngs.noaa.gov/geospatial-summit/2019/presentations.shtml


All 3 blueprint documents were Updated

Geometric:

Sep 2017

Revised April 2021

NOAA TR NOS NGS 62
61 pages

Geopotential:

Nov 2017

Revised Feb 2021

NOAA TR NOS NGS 64
53 pages

Working in the 

Modernized NSRS:

April 2019

Revised Feb 2021

NOAA TR NOS NGS 67
133 pages

Available in the NGS Publications Library:  https://geodesy.noaa.gov/library/



NSRS Evolves with New Technology



Evolution of the NSRS

NAD27
NAD83 
(1986)

NAD83 
(2011)



The NSRS of Today (simplified)

Primary elements:

• Horizontal:  North American Datum of 1983 
- NAD 83 (2011) epoch 2010.00 coordinates

• Vertical:  North American Vertical Datum of 
1988  - NAVD88 (GRS80, Geoid 12B) 
orthometric heights

These elements are geodetic datums that 
define the shape and size of the earth to 
enable precise positioning  

System based on connections to published 
passive control



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 (2011) epoch 2010.00

• North American Vertical Datum of 1988 (NAVD 88)

Latitude • Longitude • Elevation 

• Gravity • Shoreline Position

      + changes over time 

Today’s NSRS

The National Spatial Reference System 

(NSRS)



Passive Control
• All marks are passive—they sit there and hold a point

Geodetic Control – Terminology



Passive Control



NGS Supports Access to NAVD88 
Heights

July 13, 2017

GEOID12B



NGS Will Support Access to 
NAPGD 2022 Heights

July 13, 2017

GEOID 2022



Continued Role of Passive Control

Calibration sites for GNSS technology, 

Real Time Network validation, and 

verification of datum transformation tool 

results.

Sites for monitoring motion to enhance 

velocity models (via repeat/campaign 

GNSS occupations)

Convenience for local project control, in 

areas with limited GNSS coverage (e.g. 

cities, forests), or in the event of GNSS 

failure (e.g. geomagnetic storms)



The NSRS of Tomorrow (2022)

Primary elements are:
• The Horizontal Component is The North American 

Terrestrial Reference Frame of 2022 (NATRF2022)   
BPI – Geometric Coordinates

 *plus the Caribbean, Pacific, and Mariana plates

• The Vertical Component is The North American-
Pacific Geopotential Datum of 2022 (NAPGD2022)   
BPII – Geopotential Coordinates

The New reference system is:
• Time-dependent and geocentric
• Defined by relationships to a global/international 

ideal frame
• Primarily accessed via GPS technology and a newly 

refined semi-dynamic geoid model 



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 American Pacific Geopotential Datum (NAPGD2022)

Tomorrow’s NSRS

The National Spatial Reference System (NSRS)
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Modernized NSRS



Active Control
• Some marks have permanently installed equipment 

that enables nearly continuous observations

Geodetic Control – Terminology

(they still sit there and hold a point)



Active Control



The NOAA CORS Network (NCN)

▪ Enables cm-level positioning using GNSS data and OPUS

▪ Contributes to local and global sea-level rise calculations



• You resisted it for a while…

• It was a little cumbersome to 
get used to…

• But soon you were hooked!

The Modernized NSRS is our “smartphone”



Requirements

CONSISTENCY

CONVENIENCE

Expectations

Semi-CONSTANT Coordinates

COHERENCE with Sea Level

stamped with 
elevation

NSRS Considerations – The 4 C’s
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Why Modernize?

Current Datums (NAD83 & 

NAVD88): 

● were defined before GPS 

technology and rely on 

physical survey marks in the 

ground that have moved

● Not currently aligned with the 

earth’s center-of-mass.

Modernization will:

● Improve accuracy, access, 

and alignment of our 

positioning systems

● Cause a shift in coordinates

National Spatial Reference System (NSRS) Modernization



NAD 83 origin

ITRFxx origin

hNAD83 hIGSxx
NAD83 – ITRFxx 

NAD83 – ITRFxx 

hNAD83 – hITRFxx 

same
GRS-80
ellipsoid

NAD 83’s non-geocentricity

Coordinates Smoothly 
varying by

latitude and longitude



NATRF2022

PATRF2022

CATRF2022

NAD 83 (2011/PA11/MA11) epoch 2010.00

→ 2022 Terrestrial Reference Frames

Horizontal change at
 epoch 2022.00

(contours in meters)



Estimated Geometric Change - Horizontal

NAD83 (2011) → NATRF2022

3.6
ft

4.3
ft

3.9
ft

4.6
ft

3.
0

ft



PATRF2022

NATRF2022

NAD 83 (2011/PA11/MA11) epoch 2010.00 

→ 2022 Terrestrial Reference Frames

Change in ellipsoid 
heights at epoch 
2022.00

(contours in meters)

MATRF2022



NATRF2022
North American Terrestrial Reference Frame of 2022

will replace

NAD83
North American Datum of 1983

Technically, not just NATRF2022 but also its 3 sister TRFs…



Replacing the NAD 83s

The Old The New

NAD 83 (2011) NATRF2022 - The North American 

Terrestrial Reference Frame of 2022 

NAD 83 (2011) CATRF2022 - The Caribbean Terrestrial 

Reference Frame of 2022

NAD 83 (PA11) PATRF2022 - The Pacific Terrestrial 

Reference Frame of 2022

NAD 83 (MA11) MATRF2022 - The Mariana Terrestrial 

Reference Frame of 2022 



Four "Plate Fixed” TRFs in Modernized NSRS
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 2022

 (MATRF2022)



Plate Rotation visualized

Drift
…



National Geodetic Vertical Datum 

of 1929

NGVD29

was replaced by



North American Vertical Datum 

of 1988

NAVD88

Which will be replaced by



North American-Pacific 
Geopotential Datum of 2022 

NAPGD2022

(pronounced: nap-jee-dee)



FROM NAVD 88 TO NAPGD 2022

Modernization of the National Spatial Reference System



Developing the Previous Vertical Datums

Required a LOT of Leveling!
NGVD 29 NAVD 88



North American Vertical Datum of 1988 (NAVD88)



Vertical Datums of the NSRS

CONUS
NGVD 29

NAVD 88

Alaska
NGVD 29

NAVD 88

St. Lawrence I.
- None -

St. Matthew I.
- None -

St. George I.
- None -

St. Paul I.
- None -

CNMI
NMVD 03

Guam
GVD 63

GUVD 04

American 

Samoa
ASVD 02

Puerto Rico
PRVD 02

Hawaii
- None -

U.S. Virgin 

Islands
VIVD 09



Replacing NAVD 88

The Old:

NAVD 88

PRVD 02

VIVD09

ASVD02

NMVD03

GUVD04

IGLD 85

IGSN71

GEOID18

DEFLEC18

The New:

The North American-Pacific Geopotential 

Datum of 2022 (NAPGD2022)

Will include:

– GEOID2022

– DEFLEC2022

– GRAV2022

– DEM2022
– More

Orthometric

Heights

Normal

Orthometric

Heights

Dynamic

Heights

Gravity

Geoid

Undulations

Deflections of

the Vertical

A HUGE component of this 

effort is  GRAV-D:  

Gravity for the Redefinition of 

the American Vertical Datum

*GRAV-D Data Collection Has 

Been COMPLETED and Is 

Being Processed and 

Analyzed!



Extent of NAPGD2022 gravimetric geoid model

American Samoa

Guam and Northern Marianas Islands
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Replacing ALL Vertical datums of the NSRS with:

The North American Pacific Geopotential Datum of 2022 (NAPGD2022)



• Geopotential
– gravity based

– no leveling used to define it (none!)

• GNSS is your access
– collect data & submit it to OPUS

– no leveling necessary

• Global Mean Sea Level (GMSL) based
– geoid change when sea level threshold crossed

NAPGD2022



NAVD88 geoid
vs

NAPGD2022 geoid



• Gravimetric

• Hybrid 

Two types of geoid models



• Gravimetric geoid is created from “scratch” with 
various types of gravity data

–USGG2003, USGG2009, USGG2012, xGEOID19

• Hybrid  geoid is simply a gravimetric geoid then best 
fit to some vertical datum… like NAVD88

–GEOID03, GEOID09, GEOID12B, GEOID18

Gravimetric → Hybrid



–USGG2003, USGG2009, USGG2012, xGEOID19

–GEOID03, GEOID09, GEOID12B, GEOID18

Gravimetric → Hybrid

best fit to 
NAVD88

best fit to 
NAVD88

best fit to 
NAVD88

best fit to 
NAVD88



Concept

topographic 
surface

datum zero
surface

gravimetric 
geoid

hybrid
geoid

Gravimetric vs. Hybrid Geoid



Concept

topographic 
surface

datum zero
surface

gravimetric 
geoid

hybrid
geoid

NAVD88 uses a Hybrid Geoid



NAPGD2022 uses a Gravimetric Geoid

– Datum zero surface aligned to 
Global Mean Sea Level (GMSL)

Concept

topographic 
surface

datum zero
surface

gravimetric 
geoid



Estimated change in orthometric heights from NAVD88 to NAPGD2022

(NAPGD2022 
approximated 
using xGEOID16B)



NSRS Modernization: Vertical Change

Vertical offset of more 
than 1 meter

GEOID12B (NAVD88)

xGEOID17 Updates available online from the New 
Datums website and Modernization 

News

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

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


Estimated change in orthometric 
heights from NAVD88 to NAPGD2022

• OPUS Extended Solution Report



Estimated change in orthometric 
heights from NAVD88 to NAPGD2022

• OPUS Extended Solution Report
• Scroll all the way to the bottom…



Preparing for NAPGD2022

• Inventory heights in your data/datasets

– Have you mix & matched geoid models?

• Are you tracking levees or other flood control?

– Are you managing subsurface utilities?

» Access covers, junction boxes, cleanouts, etc.

– Maybe geoid differences aren’t even significant?

– Know your goals, know your data.



Preparing for New Datums

• Know the epoch of your data/datasets

– consider how you will track this

• full to-the-second timestamp on every feature?

– Modern survey equipment makes this possible

• labeling a year for each dataset?

– Easy to add to workflows, datasets/databases, folders

• something in-between that works for your needs?
2023.1957
2023:27
20230127

Epoch nomenclature is your choice



Preparing for New Datums

• Reprocessing your data

– perfect world = everyone reprocesses everything

• unrealistic! … and unnecessary for majority users



Preparing for New Datums

• Transforming your data

– NCAT - NGS Coordinate Conversion and Transformation Tool

• available now: ASCII upload, Web Services, GitHub

• ask your software provider(s) about integration

– we envision this as most popular method of access

– Industry Workshops held in 2021 and 2022

» All the well known commercial names attended

» Plus some open-source advocates

https://github.com/noaa-ngs/ncat-lib
https://www.ngs.noaa.gov/web_services/ncat/index.shtml


DOCUMENTATION OF DATUMS 
(METADATA)

Practical Guidance on



Use Complete Nomenclature

NAD83

MLLW 

NAVD88



Use Complete Nomenclature

NAD83(2011) epoch 2010.00
H. Datum Realization/Adjustment Reference Epoch

MLLW(9452210; 1960-78 #2128)  

Tidal Datum NOAA Tide Station National Tidal Datum Epoch &  
Published Sheet Number (if available)

NAVD88 (GRS80, Geoid12B)
V. Datum Reference Ellipsoid Geoid Model



GMSLGeoid

Threshold 
Level

Sea Level Change and the Geoid

H2020.000H2085.000

-Threshold Level is 
published as 20 cm

-Process is repeated 
as GMSL changes



Orthometric

3 Categories of Vertical Datums
Ellipsoidal

Tidal
Native GPS 
measurements

Raw Hydrographic Surveys 
vertically referenced with 
RTK-GPS

NOAA Bathymetry 
(MLLW)

USGS 
Topography

Raw Lidar

FEMA Flood 
Insurance 
Rate MapsEngineering and 

Development Site Surveys

Daily and Extreme 
Water Levels

Shoreline Mapping (MHW) 
and Regulatory Boundaries 

at the Coast



Modernizing the NSRS
• Updating all NSRS coordinates

– Replace existing datums with new datums

– Replacing existing SPCS83 with new SPCS2022

– Accounting for coordinates changing with time

• Improving NGS products and services

• Simplifying customer contributions

• Making the NSRS:
– More accurate

– More accessible

– More efficient
Rollout in

2025



Main Benefits of Modernized NSRS

Fast, Accurate, Consistent Elevations Everywhere

Improved Public Safety

Flood Plain Maps

Emergency Route Planning

More Accurate Positioning

For Precision Agriculture, Autonomous vehicles, Smart Cities, 
etc.



TRAINING AND RESOURCES

Additional



NGS Regional Advisor Program



Resources from geodesy.noaa.gov 



July 13, 2017 71

Online Resources from ngs.noaa.gov 



Educational Videos & Online Tutorials

Videos are ~3-
5 minutes

Vertical Datums 
Tutorial is ~1 hour



Email 

Subscriptions

Stay informed!

• NGS News

Includes quarterly NSRS 
Modernization newsletter

• NGS Webinar

• NGS Training

Only 1-2 messages / month



What can everyone do?

• Be aware and help spread the word about 
upcoming NSRS modernization:

– Proactively ask agencies, surveyors, and engineers 
about what preparations they are taking to learn 
about and prepare for the upcoming changes

• Reach out to NGS for support as needed

• Lead by example and exercise best metadata 
practices



Get Prepared

More active NSRS users

▪ Metadata, metadata, metadata..

▪ Use current datums / realizations
–

▪ Keep original (“raw”) GNSS 

observation files

 



Yes, we are delayed.

NSRS Modernization



Delayed Release of the Modernized NSRS

• How long will the delay be?

– Our website or newsletter is best source of projected timeframe, 
current estimate is middle of 2025.

• Will the names stay the same?

– Yes, terms containing “2022” such as “NATRF2022” and 
“NAPGD2022” will remain the same.

• Will all previously proposed products be released along with the new 
datums?

– No, they will not.



Data

• Upon release, the modernized NSRS will consist of this data:
– The NOAA CORS Network (NCN) operating on ITRF2020

– NATRF2022, PATRF2022, MATRF2022, CATRF2022 defined relative to ITRF2020

– NAPGD2022, including:

• GM2022, GEOID2022, DEFLEC2022, GRAV2022

– Geometric (XYZ / h) and orthometric (H) reference epoch coordinates (RECs) at 2020.00 at those passive 
control with the observations to support such coordinates

– Geometric (XYZ / h) and orthometric (H) survey epoch coordinates (SECs) at survey epochs between 
about 1994 and 2020 at those passive control with the observations to support such coordinates

– State Plane Coordinates of 2022 (SPCS2022), plus UTM and USNG

– NADCON 
• Connecting NAD 83(2011/MA11/PA11) epoch 2010.00 to N/P/M/CATRF2022 epoch 2020.00

– VERTCON
• Connecting NAVD 88, PRVD02, ASVD02, NMVD03, GUVD04 and VIVD09 to NAPGD2022 epoch 2020.00



Tools

• At a minimum, NGS is targeting these tools upon release:

– A Data Delivery System capable of yielding:
• RECs on some kind of datasheet

• Information on CORSs

• A downloadable version of LASER

• A browser-based online multi-GNSS service:

– Like OPUS-S

– Like OPUS-Projects 5.x

• NCAT and Vdatum capable of invoking NADCON, VERTCON and SPCS2022



What will come after

• Work will continue to and through the rollout of the 
modernized NSRS.  Tools released after the initial release of 
the modernized NSRS include:

– Integrating leveling, classical data and gravity into OPUS

– Full integration of all old tools into NCAT and Vdatum

– SECs for pre-1994 (AKA “pre-NCN”) years, plus SECs for post-2020



Timeline
• Resources are being diverted from tool building to the 

assurance of quality data first and foremost

• As such, based on this new approach, NGS still anticipates the 
release of all data, and limited tools, by the middle of 2025.

Site Targeted Users Description

Live:

geodesy.noaa.go

v 

(www.ngs.noaa.

gov)

All NSRS users •Holds the “current NSRS” until FGCS vote to 

replace the “current NSRS” with the 

“modernized NSRS”

Beta:

beta.ngs.noaa.g

ov

Anyone who 

wants to test 

new frames or 

tools

•Will hold “modernized NSRS” before switch

•Products assumed to be complete and correct

•For testing

•Subject to change or deletion

Alpha:  alpha.ng

s.noaa.gov

Vendors or 

software 

developers

•“Incomplete, early, possibly incorrect”

•Not everything will go on alpha



Dan Determan
Northwest Regional Geodetic Advisor

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

*use any major search engine: “NGS advisors”
https://geodesy.noaa.gov/ADVISORS/

THANK YOU!



Thank You
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