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to meet our Nation’s economic, social & environmental needs 

National Spatial Reference System 
 
 
 
 

                                         & their time variations 
 

(& geoid models, satellite orbits  
transformation tools, etc.) 

• Latitude 
• Longitude 
• Height   
 
 

• Scale 
• Gravity 
• Orientation 
 

$2.5B / year 
benefit 



Horizontal / Vertical Geodetic Control 
(National Spatial Reference System) 

National Spatial Reference System - 
Ties It All Together • LiDAR  

• Digital Terrain Model 
• Aerial Photography 
• Cartography  
• Parcels 
• Engineering 
• Laser Scan Model 
• Satellite Imagery 
• Hydrography  
• Natural Resources 
• Flood Risk 

NAD83 NAVD88 



A (very) Brief History of U.S. Horizontal / Geometric Datums 

time + + + + + 
  shift:    < 10 m          tens of             few               few                  few            (1-2  
                                                   meters             0.1m           0.01m              0.01m       meters) 

+ + 





Continuously Operating  
Reference Station (CORS)  
Network 

   q 1950 sites  

q 225 organizations 

 
 

 

 



CORS Velocity Field:  NAD83(2011) epoch 2010.00 



CORS Velocity Field:  International Terrestrial Reference Frame 2008 

ITRF Global Tracking Network  



NGS  Ten-Year Strategic Plan:  2013-2023 
v  By 2022, reduce all definitional & 

access-related errors in geometric 
reference frame to 1 cm when using 
15 min of GNSS data 

    “Replace NAD83” 
     (North American Datum 1983) 
 

 
v  By 2022, reduce all definitional & 

access-related errors in orthometric 
heights (“elevation”) in geopotential 
reference frame to 2 cm when using 
15 min of GNSS data 

    “Replace NAVD88” 
    (North American Vertical Datum 1988) 



NAD83 Shortcomings 

o 2.2 m offset 

vs. 

NAD 83  
vs.  

ITRF08 (& WGS84) 

 
o CORS vs. passive network consistency challenges 



 Future Geometric (lat, long, eHt) Datum  

Øby 2022 replace NAD83  

Ødefined by Continuously Operating 
      Reference Station (CORS) Network 

Øaccessed by GNSS observations 

Øcoordinates & velocities in ITRF & “US datum”  

Øpassive control (monuments) tied to new datum 



New geometric datum minus NAD 83 
(horizontal) 



New geometric datum minus NAD 83  
(ellipsoid height) 



NORTH AMERICAL VERTICAL DATUM 1988 (NAVD88) 



NAVD88 Shortcomings   

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 

Approximate Geoid Mismatch in the NAVD88 H=0 surface 



Future Geopotential (Vertical) Datum  
Ø by 2022 replace NAVD88  

Ø accessed by GNSS & gravimetric geoid (N) 

Ømonitor time-varying nature of gravity field 

Ømost accurate continental gravimetric geoid model, ever  



• Replace the US Vertical Datum by 2022 with  
 gravimetric geoid (N) accurate to 1 cm  

• 2 cm accurate orthometric heights via GNSS  
• Airborne gravity survey of entire country  
• Long-term monitoring of geoid change 

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

Gravity and Heights are 
inseparably connected 



GRAV-D Status (11/2013) 

Green = FY11 and earlier 
Orange = FY12 
White = FY13 
Blue = FY14 Plan 
Filled white = Underway 
Filled red = Incomplete 

• 10 km spaced data lines 
• 70 km spaced cross lines 
• 20,000 ft altitude 
• 230 kt flight speed 
• 25% of US complete 

2013 flown 
2014 planned 



Gravity field & steady-state Ocean Circulation Explorer (GOCE) 







How to Plan for 2022 
• Move to NAD 83(2011) epoch 2010.00 

– conversion tools  - NADCON, GEOCON & GEOCON11 
 

• Move to NAVD 88  
– conversion tool – VERTCON (NGVD29 <> NAVD88)  
 

• Move from reliance on passive marks to GNSS 
– utilize CORS, OPUS, real-time infrastructure, etc.  
 

• Use NGS Online Positioning User Service (OPUS) for GPSBMs  
– improve next  geoid model & relationship with new datum  

 
• METADATA!!!! 

 



NGS homepage: 
geodesy.noaa.gov 

• Data access 

• Geodetic Toolkit 

• Publications 

• Height Modernization  

• Training opps 

• Education resources 

• Presentations 

• CORS, OPUS, … 



Mark your calendars … 



Find the article(s) in the Archives at: 
http://www.amerisurv.com 



National Geodetic Survey 
Geodetic Advisors 

 
q  SW Region 

(AZ, NV, NM, UT) 
Bill Stone 

 
 

q Colorado 
Pam Fromhertz 

 
 

q Oregon 
Mark Armstrong 

 



Accurate positioning begins  
with accurate coordinates  
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William Stone 
william.stone@noaa.gov 

geodesy.noaa.gov 
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