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Some old, some new*

• Blueprints*
• Why replace NAD 83 & NAVD88?
• What’s being replaced?
• Four Terrestrial Reference Frames
• Intra-Frame Velocity Model*
• Hybrid Geoid18*
• Foundation CORS*
• Adding RTK vectors to OPUSprojects*
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If you remember nothing else from this talk, remember
to just search for “Blueprint 2022” in any search engine

Blueprints Part 1 and Part 2 published



Coming Soon
• Blueprint for 2022, Part 3:  Using the Modernized NSRS

– Should address questions about how to work in a system that uses 
time-dependent geodetic control
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Why Change?  

• Non-Geocentricity
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• Dynamism



Geopotential Datum Modernization

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

The New:
The North American-Pacific Geopotential Datum of 
2022 (NAPGD2022)

– Primary component is a global harmonic model of 
geopotential which includes all GRAV-D data:

• GM2022

– Related regional gridded products:
• GEOID2022
• DEFLEC2022
• GRAV2022
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NSRS Geometric Modernization

The Old:
NAD 83(2011)

NAD 83(PA11)

NAD 83(MA11)

The New:
The North American Terrestrial Reference Frame of 2022 

(NATRF2022)

The Caribbean Terrestrial Reference Frame of 2022 
(CATRF2022)

The Pacific Terrestrial Reference Frame of 2022 
(PATRF2022)

The Mariana Terrestrial Reference Frame of 2022 

(MATRF2022)
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Geometric Reference Frames

• The NSRS in 2022 will contain four terrestrial reference 
frames
– Each one related to the IGS frame by a plate rotation model only

• This will leave residual velocities.  
– Why?  

» Because every point on Earth is moving for many reasons, and plate rotation, while 
large, is not the only thing happening to points.

• NGS will model those residual velocities in an Intra-Frame Velocity Model 
(IFVM)
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Time “t  ” when
all four TRFs and the
IGS are identical.
(2020.00)

0 MATRF2022

MATRF2022

t=t  + ∆t
(“the future”)

0t=t  - ∆t
(“the past”)

0

CATRF2022

CATRF2022

NATRF2022

PATRF2022

NATRF2022

PATRF2022

IGS frame through time IGS frameIGS frame

The relation of five global reference
frames through time.

Rotations are not to scale



CORS Velocities – IGS08
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CORS Velocities – NATRF2022
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CORS Velocities – PATRF2022
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IGS08 Plate Velocities
Horizontal Vertical

IGS08 Velocities 
Salisbury

NCSA
N = + 0.0026 m/yr
E = - 0.0139 m/yr
U = - 0.0000 m/yr 14

IGS08 Velocities 
PARI CORS

P779
N = + 0.0017 m/yr
E = - 0.0138 m/yr
U = - 0.0000 m/yr

IGS08 Velocities 
DUCK CORS

DUCK
N = + 0.0039 m/yr
E = - 0.0134 m/yr
U = - 0.0062 m/yr
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BSMK (North Dakota)
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BSMK (North Dakota)
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Note the time-dependent coordinate 
in latitude in NATRF2022 is stable!  
That means the NATRF2022 IFVM 
for latitude will be ZERO for this 
point.



BSMK (North Dakota)
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Similarly, the time-
dependent coordinate in 
longitude in NATRF2022 is 
stable!  That means the 
NATRF2022 IFVM for 
longitude will be ZERO for 
this point.



BSMK (North Dakota)
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However, in every frame, 
this point is subsiding!  
That will be captured in the 
ellipsoid height component 
of the IFVM for each frame.



So…4 IFVMs?

• Yes.  An IFVM for each frame.  
• But here’s the trick:  The same exact data will go into creating 

all 4 of them.
– It’s just that each one will be relative to the Euler Pole rotation of a 

particular plate.
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Can CORS alone serve as an IFVM?

• Eastern CONUS will largely be 
resolved

• Western CONUS has some 
anomalies
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IFVM – How?

• Intra-Frame Velocity Models must:
–Estimate non-Eulerian motions at any location 

• Three primary methods being investigated
– Interpolation from CORS

• Pro: Easy
• Con: Gets worse as CORS gets coarse

– Satellite IfSAR
• Pro: Covers vast areas
• Con: No IfSAR experts in NGS; data availability issues

– Geodynamic
• Pro: Like HTDP, so NGS has experience 
• Con: Requires knowing why things move, rather than just measuring that they move 

(and requires “keeping up” with every event.)
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Geoid18 (Hybrid model)
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Continuously Operating Reference Stations (CORS)

 ~1800 Continuously 
Operating Reference Stations 

 Run by more than 200 
organizations (various 
government, academic, and 
private organizations)

 Provide access to the 
U.S. National Spatial 
Reference System

1

Foundation CORS



Foundation CORS Requirements
Baseline Foundation CORS 
Network:

Collocate:
All sites within the Foundation CORS 
target area of the United States, 
with existing space geodetic 
techniques 
(SLR, VLBI or DORIS), will have 
a collocated Foundation CORS.

Additional Desired Foundation CORS 
Network Requirements:

 Density: Install or adopt new stations within the 
Foundation CORS target area of the United States. 
(Fulfill the spacing criteria of 800 kilometers within the 
Foundation CORS target area.)

 Plate Rotation (Euler Pole): Install or adopt new 
stations within the U.S. Foundation CORS target area 
to raise the minimum number of Foundation CORS to 
three on each of the four plates of interest, once the 
above criteria are met.

 Additional (Gap Filling): Install or adopt new 
stations, on a case-by-case basis, once the above 
criteria is met (*).
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Foundation CORS



Collocated + Density + Plate Rotation + Additional
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Potentially adding RTK vectors to OPUSprojects
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Hybrid Static + RTN Survey Networks

[Weaver et al. 2018]



Methods for Receiving Corrections from an RTN
Virtual Reference Station (VRS) Master-Auxiliary Concept (MAC)

VRS

(Landau et al. 2002)

RTN Base RTN Base

RTN Base

• Vector “tails” referenced to virtual 
base station—can be moved to 
physical ref. station (PRS)

• Vector “tails” connected to 
physical base station

• Base station position is fixed

(Leica 2005)

Control
Center



Example: Download RTN Data

BASE
(LCS1)
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Example: Process Static Data in OPUS-Projects

Upload 
Vectors
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Example: Upload RTN Vectors to OPUS-Projects

User Mark

Processed Vector 
(OPUS-Projects)

Uploaded Vector

CORS
LEGEND

Upload 
Vectors
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Example: Adjust Static + RTN Network

• Run least squares adjustment(s) of the combined static data 
and RTN vectors in the survey network

• Hold CORS (and possibly other published coordinates on 
passive marks) as control in network adjustments

• Check quality of results
• Submit survey project to NGS for review and publication in 

national database
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Questions?
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