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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

& their time variations

(& National Shoreline, etc.)

• Latitude
• Longitude
• Height  

• Gravity
• Orientation
• Scale

 North American
Datum of 1983

(NAD83)

 North American
Vertical Datum of 1988

(NAVD88)  



Horizontal / Vertical Control
(NSRS)

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
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Electronic Distance Measuring Instruments -
Using light and microwaves to measure distances – 1950s



Echo Balloon Satellite 1960 - photographed by BC-4 cameras



Very Long Baseline Interferometry (VLBI)



Passive NAD83 Horizontal Control Network



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

time+ + + + + +
shift:    < 10 m          tens of             few               few                  few               

meters             0.1m           0.01m              0.01m



Continuously Operating Reference Station (CORS)



Continuously Operating Reference Station (CORS) Network
• 2000 sites 
• 225 organizations



Continuously Operating Reference Station (CORS) Network –
New Mexico Region



CORS Time Series Plots
short-term                                     long-term



CORS Velocity Field – ITRF2008 (IGS08 epoch 2005.0)



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 datum to 2 cm 
when using 15 min of GNSS data

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

https://geodesy.noaa.gov/web/about_ngs/info/tenyearfinal.shtml



Ellipsoid, Geoid & Orthometric Heights

(NAVD88) H

H = Orthometric Height [aka Elevation] (leveling)

H = h - N

TOPOGRAPHIC SURFACE

h = Ellipsoidal Height (GPS)

N = Geoid Height (geoid model)

h (NAD83)

Ellipsoid

N

Geoid
Geoid Height
(GEOID12B)



• 1. Global Navigation Satellite Systems (GNSS)

• 2. Satellite Laser Ranging  (SLR)

• 3. Very Long Baseline Interferometry (VLBI)

• 4. Doppler Orbitography & Radiopositioning

Integrated by Satellite (DORIS)

International Terrestrial Reference Frame (ITRF)
4 Global Independent Positioning Technologies

1 2 3

4





International Terrestrial Reference Frame (ITRF)
space-based techniques: VLBI, DORIS, SLR, GNSS

[International GNSS Service 2008 (IGS08) = GNSS-only realization]
Current version: ITRF2008 (epoch 2005.0)

International Earth Rotation and Reference System Service(IERS)
(http://www.iers.org)

http://www.iers.org/


NAD83 Shortcomings
o 2.2 m offset – NAD83 vs.
• International Terrestrial Reference Frame (ITRF) 

[~ International GNSS Service (IGS)]
• World Geodetic System 1984 (WGS84)

o CORS <> passive network “disconnect”  

vs.

IT
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G
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Future Geometric (3-D) Reference Frames

 replace NAD83 with new geometric reference frames – by 2022

 CORS-based, accessed via GNSS observations

 coordinates & velocities in global & new US reference frames

 passive control tied to new reference frame 

 transformation tool will relate historical <> new US reference frames



Introducing…
North American Terrestrial Reference Frame of 2022 

(NATRF2022)
(& Pacific / Mariana / Caribbean Terrestrial Reference Frame of 2022)

(PATRF2022 / MATRF2022 / CATRF2022)

• 4 (essentially) tectonic-plate-fixed reference frames
• identical to IGSXX *reference frame at TBD epoch (2022.0?) 
• over time, will relate to IGSXX frame via Euler Pole Rotation
• CORS velocities deviating from rigid-plate (Euler) 

rotation will be captured in 3-D velocity model 
(a secondary product to transform to fixed epoch)

[e.g. IGS14 = International GNSS Service 2014]



Each reference frame will get:
 Euler Pole Latitude/Longitude
 Rotation rate (radians/year)

Used to compute time-dependent 
TRF2022 coordinates from 
time-dependent global (IGS)
coordinates 

Euler Pole

Euler's fixed point theorem states: any motion of a rigid body on the surface of a sphere
may be represented as a rotation about an appropriately chosen rotation pole (“Euler Pole”)



Tectonic plates modeled by NGS
The four tectonic plates “fixed” for the 2022 terrestrial reference frames 

July 12, 2017 2017 Esri User Conference 25



NATRF2022

PATRF2022

CATRF2022

NAD 83 (2011/PA11/MA11) 
epoch 2010.00 
2022 Terrestrial 
Reference Frames

Horizontal change at 
epoch 2022.00
(contours in meters)



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



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

o Subsidence, uplift, freeze/thaw invalidate BM elevations

o LIMITED AVAILABILITY / ACCESS

North American Vertical Datum 1988 (NAVD88) Shortcomings

Approximate Geoid Mismatch in the NAVD88 H=0 surface



Future Geopotential (Vertical) Datum 
replace NAVD88, etc. – by 2022
accessed by GNSS & gravimetric geoid
monitor time-varying nature of gravity field
most accurate continental gravimetric geoid 

model ever built: 1 cm (goal) 



Current Vertical Datums / Models

NAVD 88
PRVD 02
VIVD09
ASVD02
NMVD03
GUVD04
IGLD 85
IGSN71
GEOID12B
DEFLEC12B

Orthometric
Heights

Normal
Orthometric
Heights

Dynamic
Heights

Gravity

Geoid Heights

Deflections of
the Vertical



Introducing…
North American-Pacific Geopotential Datum of 2022 

(NAPGD2022)
&

GEOID2022
(gravimetric geoid)

• NAPGD2022 will contain information for:
– Orthometric heights
– Geoid undulations
– Gravity anomalies
– Deflections of the vertical
– & other gravity field information

• GEOID2022 will be time-dependent



Predicted Change – NAVD88 to NAPGD2022



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

2017-Q2:
62% complete

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



Geoid Slope Validation Surveys:
validate gravimetric geoid model accuracy

Phase 1 - GSVS11
• 2011; Low/Flat/Simple:  Texas

Phase 2 - GSVS14
• 2014; High/Flat/Complicated:  Iowa

Phase 3 - GSVS17
• 2017; High/Rugged: Colorado (10,860ft)



GPS
DoV

Leveling

Gravity

LIDAR/
Imagery

Geoid Slope Validation Surveys



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

– via surveys (or possibly via NADCON)

• Move to NAVD 88 
– via surveys (or possibly via VERTCON)

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

• Use OPUS-Share/Database for GPSBMs & NAD83(2011) ties
– improve next  geoid model & relationship with new datum

• METADATA!!!!
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NADCON 5:
Modern tool for 
transforming between 
geometric datums / 
frames

USSD

NAD 27

NAD 83 (1986)

NAD 83 (2011)

NAD 83 (NSRS2007)

NAD 83 (FBN)
NAD 83 (HARN)

2022 





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





and … coming soon:

Blueprint for 2022, Part 2: 
Geopotential Coordinates





Accurate positioning begins 
with accurate coordinates 
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