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Surveying From the Center of the Earth (X, Y, Z) 
Ron Kuzma, PLS, NJDOT, Geodetic Survey, ron.kuzma@dot.nj.gov 

Note: All material referenced from a National Geodetic Survey (NGS) source, several web links appear at end of paper. 

 

 
A Journey to the Interior of the Earth, 1864 science fiction novel by Jules Verne 

 

North American Terrestrial Reference Frame of 2022 (NATRF2022) 

North American-Pacific Geopotential Datum of 2022 (NAPGD2022) 
Did we finally figure it out? 





 

The North American Terrestrial Reference Frame of 2022  (NATRF2022) 
Geometric Datum: provides latitude, longitude, height, and time information 

 

 NAD27#-origin (Meades Ranch)-Clark1866 ellipsoid (best fit continental US)-old terrestrial observations. 

 NAD83-1983 to present-Origin Geocentric (Mass Center of Earth)-GRS80 (Global Ellipsoid)-spaced based observations. 4 

adjustments (realizations). 1986/1996/2007/2011 due in part to more and better observations (GPS) and ties to the Continuously 

Operating Reference Station (CORS). CORS provide the geometric foundation of the NSRS. 

o NAD83 (1986)# based on old terrestrial observations, a few spaced based observations. 

o NAD83 (1996)* based on new and old observations, same system, (HARN) station ties. 

o NAD83 (2007)* based on new GPS observations, same system, removed regional distortions and made consistent with 

CORS. 

o NAD83 (2011) epoch 2010.00* based on new GPS observations, same system, kept consistent with CORS. 

 

Today, the NAD83 origin is not as geocentric as it could be 

(approx. +/-2 m) from the International Terrestrial 

Reference Frame (ITRF2014).  The ITRF is the global 

reference frame. 

 

NAD83 fixed to North American plate which is rotating. 

Stations on same plate it has good relative agreement. 

 

NAD83 is not well defined with positional velocities. 

 

   Geodetic Datum Realizations 

 #: 2-D Horizontal (Latitude, Longitude) 

  *: Geometric Datum 3-D (Latitude, Longitude, And 

Ellipsoid Height) 

 

 



 

 

A degree, minute or second of latitude remains fairly constant 

from the equator to the poles; however a degree, minute, or 

second of longitude can vary greatly as one approaches the 

poles (because of the convergence of the meridians). At 38 

degrees North latitude, one degree of latitude equals 

approximately 364,000 ft. (69 miles), one minute equals 6068 ft. 

(1.15 miles), one-second equals 101 ft.; one-degree of 

longitude equals 288,200 ft. (54.6 miles), one minute equals 

4800 ft. (0.91 mile), and one second equals 80 ft.  

 
https://www.usgs.gov/faqs/how-much-distance-does-a-degree-minute-and-

second-cover-your-maps?qt-news_science_products=0#qt-

news_science_products 

 

 

Example:  BELMAR (KV0806)        Data Sheet 

 

NAD 83(2011)    40 11 08.96282(N)   074 00 39.09721(W) 

NAD 83(2011) ELLIP HT  -28.577 (meters) 

 

NAD 83(2007)    40 11 08.96323(N)  074 00 39.09766(W) 

ELLIP H (02/10/07)   -28.569 (m) 

 

NAD 83(1996)   40 11 08.96305(N)  074 00 39.09764(W) 

ELLIP H     -28.572 (m) 

 

NAD 83(1992)   40 11 08.96262(N)  074 00 39.09988(W) 

ELLIP H    -28.532 (m) 

 

NAD 83(1986)   40 11 08.96423(N)  074 00 39.10071(W) 

NAD 83(1986)   40 11 08.96259(N)  074 00 39.09117(W) 

 

NAD 27    40 11 08.55220(N)  074 00 40.59520(W) 

 



 

NATRF2022  Geocentric Reference Frame 
o Remove long‐standing non‐geocentricity of NAD83 frames  relative to today’s knowledge of the geocenter, causing it to be 

misaligned with the primary global GNSS-related reference frames – World Geodetic System 1984 (WGS84) and 

International GNSS Service 2008 (IGS08) – and related products, including GNSS satellite ephemerides 

o Three plate‐ (pseudo) fixed frames will be replaced with four plate‐fixed reference frames (N. Amer., Pacific, Mariana, 

Caribbean). 

o All four frames align to ITRF2014 based on International Earth Rotation and Reference Systems Service (IERS) and 

International Union of Geodesy and Geophysics (IUGG) at epoch 2020.00 

o An ITRF is a realization of the ITRS. New ITRF solutions are produced every few years, using the latest mathematical and 

surveying techniques to attempt to realize the ITRS as precisely as possible. 

o Align with Global Navigation Satellite Systems (GNSS) 

o Two new tools, working together, to make time-dependent geodetic control practical among or within the respective plate. 

 Euler Pole Parameters (EPP2022): 

Remove most of the tectonic plate 

rotation, velocities, from ITRF2014 via 

Eular Pole Parameters (points about 

which plate rotates) thereby achieving 

the fixed frame: ITRF (constant frame, 

rotating plate), NATRF2022 (rotating 

frame, constant with plate).  Apply 

EPP2022 to move between. 

(ITRF2014 + EPP2022 = 

NATRF2022). 

 Intra-Frame Velocity Model 

(IFVM2022): Remove residual 

velocities due to complex velocity 

changes (localized movement, change 

of epoch).  Coordinates will be 

associated with the actual date when 

the data was collected, move collected 

data thru time to Reference Epochs for 

coordinate comparisons/analysis. 

. 



 
 

 

Worldwide Tracking Stations 



North American-Pacific Geopotential Datum of 2022 (NAPGD2022) 
Geopotential / Vertical Datum 

One Vertical Datum - pole-to-equator 
(Replacing NAVD88) 

 

 

 

 

NAPGD2022 

 Primary access via GNSS and geoid (think OPUS) 

Orthometric height (traditional elevation) will be user-determined by GNSS observations combined with GEOID2022, via the 

classic equation:  Orthometric Height (H) = Ellipsoid Height (h) (GNSS) – Geoid Height (N) (GEOID2022) 

 Accurate continental gravimetric geoid: GEOID2022 

 Aligned with:   1) Terrestrial Reference Frame 2022  

2) Global mean sea level (GMSL) 

 Monitor time-varying nature of gravity - via the Geoid Monitoring Service (GeMS) 

 

 

 



 

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

 Replace the National Vertical Datum 1988 (NAVD88) by 2022 with a 1 cm accurate gravimetric geoid. 

 Orthometric heights accessed via GNSS accurate to 2 cm 

 Thrusts of project: 

Airborne gravity survey of entire country and its holdings. 

Long-term geoid change monitoring. 

Partnership surveys. 

 

 Development of NAPGD2022 relies on gravity datasets including satellite, terrestrial, and airborne, the latter being collected 

during an ambitious ongoing NGS airborne gravity data collection program. 

 GEOID2022 is based on variations in gravity across the earth surface and is the basis for this new geopotential datum.  

 GEOID2022 will define zero orthometric height by specifying the geopotential surface best fit to global mean sea level and 

provide multi-nation consistency. 

 Time dependent as per Geoid model updates.  

 
 Estimated change in orthometric heights from NAVD88 to NAPGD2022 



New Jersey Geodetic Survey Activities 

2018 GPS on Bench Marks (Geoid18 - “Phase I” Completed)   Spacing criteria 30 km 

https://geodesy.noaa.gov/GPSonBM/ 

 

 
 







 

 

GPS on Bench Marks Campaign for the Transformation Tool (NCAT) 
https://geodesy.noaa.gov/GPSonBM/technical-details.shtml 

 

 

(“Phase II” - Deadline to submit GPS on BMs for the Transformation Tool   December 31, 2021 

10 km hexagon (National Coverage) 2 km hexagon (Local Coverage) 

 

NGS has also prioritized marks at two spatial resolutions: 10 km and 2 km. NGS wants to reach a 10 km density to provide 

good national accuracy. Additionally, users can help improve local accuracy by collecting data at the 2 km level. 

 

Currently there are over 400,000 bench marks across the Conterminous United States (CONUS), Alaska, Hawaii and U.S. 

territories. Tidal marks and bench marks are used for determining heights and when possible providing GPS on these marks 

can help to relate the GPS derived ellipsoid height with the leveling derived orthometric height associated with these marks.  

 

In 2022 NGS will be modernizing the National Spatial Reference System (NSRS) and transitioning to new Reference 

Frames [CATRF2022, MATRF2022, NATRF2022, PATRF2022] replacing NAD 83 as well as transitioning to the 

Geopotential Datum (NAPGD2022) which will replace the current Vertical Datums [NAVD 88, ASVD02, PRVD02, NMVD03, 

GUVD04, VIVD09] for all United States and Territories. When the NSRS modernization occurs, NGS will provide a 

transformation tool to allow users to convert heights from these current vertical datums into the new geopotential datum.  

 

To develop this transformation tool NGS will use GPS on bench marks (GPS on BM) with heights in the current vertical 

datums. The transformation tool will be based on a grid developed using all of the data available from GPS on bench marks 

at the time of development. NGS has developed a list of bench marks that provide the ideal spatial resolution for this 

transformation grid. 

 

 

 



 

 

+/- 30 marks 10 km hexagon (National Coverage)   Completed GPS on BMs Observations 

(Currently being worked on) 



 

 

NGS Coordinate Conversion and Transformation Tool (NCAT) 
https://www.ngs.noaa.gov/NCAT/ 

 

 

 

 

 
 

 



NOAA/NGS Vertical Transformation Tool (VDatum) 
VDatum is designed to vertically transform geospatial data among a variety of tidal, orthometric and ellipsoidal vertical datums 

 

https://vdatum.noaa.gov/     https://vdatum.noaa.gov/docs/VDatum_one-pager_2016.pdf 



Web Links:    A Great Start! 
The Home Page 

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

 



 

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

 

https://www.ngs.noaa.gov/datums/index.shtml 

 

https://www.ngs.noaa.gov/datums/newdatums/index.shtml 

 

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

 

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

 

https://www.ngs.noaa.gov/web/science_edu/webinar_series/ 

 

https://www.ngs.noaa.gov/web/science_edu/webinar_series/2019-webinars.shtml 

 

https://www.ngs.noaa.gov/PC_PROD/PARTNERS/ 

 

https://www.ngs.noaa.gov/web/science_edu/presentations_library/files/stone_caccamise_agu_2017_new_datums_poster_final.pdf 

 

https://www.ngs.noaa.gov/corbin/class_description/NGS_Datums_video_2c/ 

 

 



 

 

 
 

Thank You 


