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U.S. Department of Commerce 
National Oceanic & Atmospheric Administration 

National Geodetic Survey   
Mission:    To define, maintain & provide access to the  

National Spatial Reference System (NSRS)  
to meet our Nation’s economic, social & environmental needs 

National Spatial Reference System 
 
 
 
 

                                         & their time variations 
 

(& National Shoreline, etc.) 

• Latitude 
• Longitude 
• Height   
 
 

• Scale 
• Gravity 
• Orientation 
 

 North American 
      Datum 1983 
          (NAD83) 
 
 North American 
      Vertical Datum 1988 
          (NAVD88)   



NAD 83(2011) epoch 2010.00 

GEOID12B for Utah 



Continuously Operating Reference Station (CORS) Network 
 2000 sites  

      (including 400 PBO) 

 225 organizations 

 
 

 

   

 



CORS Coordinates 
IGS08 = International GNSS Service 2008 

(GPS-only realization of ITRF2008) 
 

[replaces ITRF00 (epoch 1997.0)] 

NAD83 (2011) epoch 2010.00 = North American Datum 1983 
(2011 realization @ January 1, 2010) 

 
[replaces NAD83(CORS96) (epoch 2002.0)] 

IGS08 Position >>> 
 
 
IGS08 Velocity >>> 
 
 
 
NAD83 Position >>> 
 
 
NAD83 Velocity >>> 



CORS 90-day Coordinate Plots 



National Geodetic Survey Ten-Year Strategic Plan 

  By 2022, reduce all definitional & 
access-related errors in geometric 
reference frame to 1 cm when using 15 
min of GNSS data 

  “Replace NAD83” 
(NAD83 = North American Datum 1983) 
 

 

  By 2022, reduce all definitional & 
access-related errors in orthometric 
heights in geopotential reference 
frame to 2 cm when using 15 min of 
GNSS data 

  “Replace NAVD88” 
(NAVD88 = North American Vertical Datum 1988) 

 http://www.geodesy.noaa.gov/web/news/Ten_Year_Plan_2013-2023.pdf 

http://www.geodesy.noaa.gov/web/news/Ten_Year_Plan_2013-2023.pdf
http://www.ngs.noaa.gov/web/news/Ten_Year_Plan_2013-2023.pdf


Magnitude of Positional Change: NAD27 to NAD83 (meters) 



North American Datum 1983 (NAD83) Shortcomings 
o 2.2 m offset – 

 NAD83 vs.  
 International Terrestrial 
 Reference Frame (ITRF) 
 

o CORS & passive network inconsistency   

vs. 



Needed Repairs:  NAD 83 
• NAD83 frame ≠ GPS navigation frame 
• NAD83 frame ≠ WAAS navigation frame 
• NAD83 frame ≠ satellite orbits frame 
• NAD83 frame ≠ satellite product frame 
• NAD83 frame ≠ international geodetic frame 

– International flights take off & land on different datums 
– Many geodetic tools assume ITRF as default 
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Map how you navigate 

1.3 
2.5 

3.8 
5.0 

6.3 meters 

Your GNSS 
frame, 

ITRF 

Your map 
datum,  
NAD 83 * 

As GNSS un-augmented user range error improves over time … 



 Future Geometric (3-D) Reference Frame 
 replace NAD83 with new geometric reference frame – by 2022 

 CORS-based, accessed via GNSS observations 

 coordinates & velocities in ITRF & new US reference frame  

 (NAD83 replacement:  plate-fixed or “ITRF-like”?) 

 passive control tied to new reference frame (not a component of) 

 transformation tools will relate NAD83 to new US reference frame 



NAD 83(2011) to IGS08 
at epoch 2022.0 



NAD 83(2011) to IGS08 
at epoch 2022.0 



NORTH AMERICAL VERTICAL DATUM 1988 (NAVD88) 



 



  

o Cross-country errors (1-m tilt) 

o 0.5 m bias in reference surface vs. global mean sea level geoid  

o Subsidence, uplift, freeze/thaw invalidate BM elevations 

o LIMITED AVAILABILITY / ACCESS 

Approximate Geoid Mismatch in the NAVD88 H=0 surface 

North American Vertical Datum 1988 (NAVD88) Shortcomings 



Future Geopotential (Vertical) Reference Frame  
 replace NAVD88 – by 2022 

 accessed by GNSS & gravimetric geoid 

monitor time-varying nature of gravity field 

most accurate continental gravimetric geoid model, ever  



Earth 
surface

Orthometric height, H

Geoid height, N

Ellipsoid height, h

Mean 
sea level

H  ≈  h − N

The Relationship of Heights 



• Replace the national vertical datum  
 (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 

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

Gravity and Heights are 
inseparably connected 



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

http://www.geodesy.noaa.gov/GRAV-D/ 

• 10 km data lines 
• 70 km cross lines 
• 20,000 ft altitude 
• 230 kt flight speed 

http://www.geodesy.noaa.gov/GRAV-D/


Extent of 2022 gravimetric geoid model 
used for new geopotential reference frame 



  

How will the new datums affect you? 

The new vertical (geopotential) datum will change heights on average 50 

cm with a 1m tilt towards the Pacific Northwest. 



Agreement on W0 Value – 
between Canada & United States 



Monitoring Sea-Level Change 

NWLON 

CORS 

Local Relative  
Sea Level Trends 

Vertical & Horizontal 
Land Movement 

Global Mean Sea 
 Level Trend 

Observing Systems Local Predictions Global Predictions 



OPUS Extended Output - 
Estimate of New Datum (2022) Orthometric Height 

  
              ** Orthometric Heights Above Future Geopotential Datum. 

 
Prototype orthometric heights are now being made available as a precursor 
to the completion of GRAV-D and the replacement of NAVD 88 with a new 
geopotential reference system.  The following height reflects the current 

best estimate of the true orthometric height, based on the existing 
gravimetric geoid model.  This height is subject to change as data and 

modeling for the gravimetric geoid change throughout the lifetime of the 
GRAV-D project, or as new realizations of the ITRF are adopted.  However, 

at the completion of GRAV-D, these heights will supersede the NAVD 88 
heights. 

 

APPROX ORTHO HGT:   1659.685 (m)  
[PROTOTYPE (Computed using  

USGG2012, GRS80, IGS08)] 



New Datums: How to Prepare 
 Move to newest realizations. 

NAD 83(2011) epoch 2010.00 
USGG12 (gravimetric geoid) / GEOID12B (hybrid geoid) 
 

 Obtain precise ellipsoid heights on NAVD 88 bench marks.  
(OPUS-DB, contact NGS Geodetic Advisor) 
Improves hybrid geoid models and provides “hard points” in new vertical datum. 
Follow new NGS Guidelines when released. 
 

 Move from NGVD 29 to NAVD 88. 
Understand the accuracy of VERTCON in your area. 
 

 Move away from passive marks to GNSS. 
Utilize CORS, OPUS, Real-time Networks.  
 

 Require/provide complete metadata for all mapping contracts. 
How were the positions/heights derived? Document it! 

  



NGS homepage: 
geodesy.noaa.gov 

• Data access 

• Geodetic Toolkit 

• Publications 

• Height Modernization  

• Training opps 

• Education resources 

• Presentations 





NGS Workshop, Conference,  
and Training Opportunities  

http://www.geodesy.noaa.gov/web/science_edu/training/ 

 Training Classes 
 

 Workshops and Conferences 
 

 NGS Online Learning Resources 

http://oceanservice.noaa.gov/multimedia/  

NOS Online Learning Resources 
cover NGS programs and more. 

http://www.geodesy.noaa.gov/web/science_edu/training/
http://oceanservice.noaa.gov/multimedia/


NGS Presentations Library 

http://www.geodesy.noaa.gov/web/science_edu/presentations_library/ 

http://www.geodesy.noaa.gov/web/science_edu/presentations_library/


Sign up for NGS Training Notifications 
http://www.geodesy.noaa.gov/web/science_edu/training/ 

http://www.geodesy.noaa.gov/web/science_edu/training/


Sign up for the NGS ListServe 
http://www.geodesy.noaa.gov/  

http://www.geodesy.noaa.gov/


What’s Next for Geodetic Datums? 

https://www.youtube.com/playlist?list=PLsyDl_aqUTdFY6eKURmiCBBk-mP4R10Dx  

https://www.youtube.com/playlist?list=PLsyDl_aqUTdFY6eKURmiCBBk-mP4R10Dx


Attend a Monthly Webinar 



New Datums Are Coming in 2022! 
 NOAA’s National Geodetic Survey will 

release new geometric (horizontal) and 
geopotential (vertical) datums in 2022 

 The realization of the new datums will be 
through GPS/GNSS receivers and will 
replace the current datums:  

     NAD 83(geometric) and NAVD 88 (geopotential) 
 Target:  2-centimeter accuracy relative to 

sea level (orthometric heights) using 
GPS/GNSS and a geoid (gravity) model from 
NGS’ GRAV-D project. 

 NGS will provide the tools to easily 
transform between the new and old datums.  
 
 

MORE INFO: 
April 13-14 DC Area Geospatial Summit: 
http://www.geodesy.noaa.gov/2015GeospatialSummit/  
 
New Datums Webpage and Videos: 
http://www.geodesy.noaa.gov/datums/newdatums/NewDatums.shtml 
 

http://www.geodesy.noaa.gov/2015GeospatialSummit/
http://www.geodesy.noaa.gov/datums/newdatums/NewDatums.shtml


National Geodetic Survey - Geodetic Advisors 
in the West… 

 

  AZ, NM, UT 
Bill Stone 

 
  CO 

Pam Fromhertz 
 

 OR 
Mark Armstrong 

 
 CA, NV 

Dana Caccamise 
 

 WY 
Mike Londe 

 
 ID  

Kazi Arifuzzaman 
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