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Continuously Operating Reference Station (CORS)



NOAA Continuously Operating Reference Station (CORS) Network

• 2000 sites 
• 225 organizations



Tracking CORS Movement –
Short & Long Term 





NGS Multi-year CORS Solution:
International Terrrestrial Reference Frame 2014

• 1996 -2016 data
• 3050 stations
• 25 TerraBytes of data



4 Reference Frames & Tectonic Plates

• North American Terrestrial Reference Frame of 2022 
(NATRF2022)

• Pacific Terrestrial Reference Frame of 2022
(PATRF2022)

• Caribbean Terrestrial Reference Frame of 2022
(CATRF2022)

• Mariana Terrestrial Reference Frame of 2022  
(MATRF2022)

In 2022, the National Spatial Reference System will be modernized with
4 new geometric reference frames (REPLACING NAD83):
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Horizontal change in coordinates:  NAD 83 epoch 2010.0  TRF2022 epoch 2020.0

NATRF2022

PATRF2022

CATRF2022



NAD 83 epoch 2010.00 
2022 Terrestrial 
Reference Frames
Change in ellipsoid 
heights at epoch 
2020.00
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Geodetic < > Projected Coordinates
X: -1,497,036.137m lat:  N    35 05 02.24009dms
Y: -5,007,566.966m lon: W 106 38 39.43359dms
Z:   3,646,527.290m eHt: 1800.000m

SPC (NM-C) UTM (13 N)
Easting: 464,046.553m 350,102.456m
Northing: 452,958.535m 3,883,589.968m



State Plane Coordinate System 1983 Zones



SPCS 83 Zone Parameters



A New State Plane Coordinate System
• State Plane Coordinate System of 2022 (SPCS2022)

– Referenced to 2022 Terrestrial Reference Frames (TRFs)

(North American Terrestrial Reference Frame of 2022 [NATRF2022] &…)

– Same ellipsoid as SPCS 83 (Geodetic Reference System of 1980)

– Same 3 conformal projection types as SPCS 83 and 27

(preserves “local” shape; scale is unique / independent of direction): 
Transverse 
Mercator 
(TM)

Oblique 
Mercator 
(OM)

Lambert 
Conformal 
Conic 
(LCC)



Past Year’s SPCS2022 Activity
• Publish State Plane history report:  March 2018

• Webinars on March, April 2018; March 2019 

• Launch new SPCS web pages:  March 2018

• Publish Federal Register Notice (FRN) and 

draft SPCS2022 Policy & Procedures:  April 2018

• FRN response deadline:  August 2018

• First preliminary design maps:  October 2018

• Finalizing policy & procedures:  Right now … any day!



Grid distance > 
ellipsoid distance

Projection
axis 

Linear distortion with respect to ellipsoid

Grid distance < 
ellipsoid distance

Ellipsoid 
distance

Ellipsoid 
distance

Projection 
surface 
(secant)

This design approach 
used for SPCS 27 and 83 

(minimizes distortion with 
respect to ellipsoid)

Ellipsoid 
surface



Projection
axis

“Non-intersecting” conformal map projection

Non-intersecting 

Ellipsoid 
surface

Purpose is to reduce linear distortion 
at “ground” (topographic surface).

But distortion can vary considerably 
across area of interest.

Grid distance = 
ground distance 

at a point
Grid distance = 
ground distance 
at a point

Grid distance ≈ 
ground distance 

over finite distance

Topographic 
surface



Projection
axis

“Non-intersecting” conformal map projection

Non-intersecting 

Ellipsoid 
surface

Topographic 
surface



Projection
axis

Changing projection axis to reduce distortion variation

Ellipsoid 
surface

h2

h1

Grid distance = 
ground distance 
at many points

Only way to reduce variation in 
distortion is to change projection 
axis location.

IMPORTANT:  For large areas, there 
is no single defining ellipsoid height, 
h, for scaling the projection.

Ellipsoid height 
of surface not 

constant:  
h1 ≠ h2

Topographic 
surface

This design approach is 
being used for SPCS2022 

(minimizes distortion with 
respect to topography)



Default SPCS2022 zones
• To ensure all states and U.S. territories covered

– For complete system if no consensus stakeholder input
– Nearly same as SPCS 83 but with some changes
– Almost all zone projection types and extents the same

• Modify existing zones to meet SPCS2022 policy
– Scale redefined with respect to topographic surface
– Use 1-parallel Lambert and local Oblique Mercator

• Will also create a statewide zone for all states



Zone “layers” and LDPs
• Each state may have max of THREE zone “layers”

– One layer must be statewide zone (designed by NGS)
– Other layers have two or more zones (“multi-zone”)
– Only one layer can have discontinuous coverage

• Multi-zone layer can consist of LDPs
– Designed by stakeholder “contributing partners”
– Minimum zone width 50 km (if height range < 250 m)

OR 10 km (if height range > 250 m)
– LDP coverage can be discontinuous
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Navajo Nation Coordinate 
System not actually an LDP, 
and it falls in 3 states.  It is 
something “special”… 

Versions of most of the LDP 
systems shown (as well as 
others) will likely become 
part of SPCS2022, both 
with complete and partial 
state coverage.











Montana statewide

29



Montana statewide + 
discontinuous LDPs

30







SPCS2022 deadlines
• Consensus input per SPCS2022 procedures

– Requests for designs done by NGS
– Proposals for designs by contributing partners

• Submittal of approved designs
– Proposal must first be approved by NGS
– Designs must be complete for NGS to review

• Later requests will be for changes to SPCS2022

by March 31, 2020 for requests and proposals
by March 31, 2021 for submittal of approved designs



SPCS2022 stakeholders
• State groups that formally interface with NGS

– Departments of transportation
– Cartographer/GIS office
– Professional surveying, engineering, GIS societies
– Colleges/universities with geospatial curriculum

• Can submit requests and proposals for designs
– Requests are for designs by NGS
– Proposals are designs by contributing partners

• Stakeholder input must be unanimous

NMGIC - JOIN THE CONVERSATION!! …



geodesy.noaa.gov/SPCS/



Different Feet: U.S. Survey vs. International

U.S. Survey Foot =  1200/3937 meter

International Foot  =  0.3048 meter

Difference = 2 parts per million
(e.g. approx. 0.01 feet per mile OR

2 millimeters per kilometer)

[International Foot is slightly shorter]





NGS Webinar –
Fate of the U.S. Survey Foot After 2022

… recording available in a few days



NGS Educational Videos





North American-Pacific Geopotential 
Datum of 2022 (NAPGD2022)

• replace NAVD88, etc. in 2022

• access via GNSS & gravimetric geoid (+ leveling, per needs)

• aligned: 2022 Terrestrial Reference Frames (eg NATRF2022)

• most accurate continental gravimetric geoid (1-2 cm goal) 

• referenced to global mean sea level 

• geoid coordinated w/Canada & Mexico

• monitor time-varying nature of gravity



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

2019-Q1:
73% complete

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





North American-Pacific Geopotential 
Datum of 2022 (NAPGD2022)

• orthometric height (elevation; via GNSS)
• geoid undulation (GEOID2022; 0 elev.)
• deflection of the vertical (DEFLEC2022)
• gravity anomalies (GRAV2022)

Gravity
Potential
Energy

>>> global geopotential field model (GM2022)



Extent of NAPGD2022 Gravimetric Geoid Model (GEOID2022)

American Samoa

Guam and Northern Marianas Islands



Predicted Change – NAVD88 to NAPGD2022



ge
od

es
y.

no
aa

.g
ov





NGS 2019 Geospatial Summit 
May 6-7, 2019  --- Silver Spring, MD
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