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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)  



Continuously Operating Reference Station (CORS)



CORS 90-Day Time Series Plots



Continuously Operating Reference Station (CORS) Network

• 2000 sites 
• 225 organizations





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

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

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

http://www.iers.org/


NAD 83
Origin

ITRF
Origin

Earth’s
Surface

hNAD83 hITRF

Ellipsoid for both NAD83 and ITRF:
Geodetic Reference System 1980 (GRS80)

NAD 83 vs. ITRF (IGS & WGS84)



CORS Velocity Field – ITRF (IGS08 epoch2005.00)



CORS Velocity Field – NAD83(2011) epoch 2010.00



•upload L1/L2 GPS data >>> solution via email in minutes    

OPUS-RS (Rapid Static) ----15 min to 2 hr (per CORS)

OPUS-S (Static) ---- 2 to 48 hr (anywhere)

OPUS-DB (Database) --- sharing of results 

OPUS-Projects --- network of multi-stations/occupations

Online Positioning User Service (OPUS)

Fast, easy, consistent access to NSRS



USER: william.stone@noaa.gov                  DATE: February 24, 2017
RINEX FILE: 3cor054u.17o                            TIME: 05:29:02 UTC

SOFTWARE: page5  1209.04 master52.pl 160321      START: 2017/02/23  20:52:00
EPHEMERIS: igu19374.eph [ultra-rapid]              STOP: 2017/02/23  23:59:00
NAV FILE: brdc0540.17n                        OBS USED:  7658 / 8153   :  94%
ANT NAME: CHCX90D-OPUS    NONE            # FIXED AMB:    43 / 45   :  96%
ARP HEIGHT: 0.180                            OVERALL RMS: 0.014(m)

REF FRAME: NAD_83(2011)(EPOCH:2010.0000)              IGS08 (EPOCH:2017.1478)

X:     -2078663.057(m)   0.010(m)          -2078663.936(m)   0.010(m)
Y:     -4657799.043(m)   0.014(m)          -4657797.727(m)   0.014(m)
Z:      3817863.470(m)   0.003(m)           3817863.352(m)   0.003(m)

LAT:   37  0  0.69689      0.005(m)        37  0  0.71029      0.005(m)
E LON:  245 56 59.81599      0.015(m)       245 56 59.76184      0.015(m)
W LON:  114  3  0.18401      0.015(m)       114  3  0.23816      0.015(m)
EL HGT:          752.973(m)   0.009(m)               752.229(m)   0.009(m)
ORTHO HGT:  778.810(m)      0.021(m) [NAVD88 (Computed using GEOID12B)]



NGS Multi-year CORS Solution-2 Processing
Transitioning to ITRF2014/IGS14 (@2010.00)

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



CORS MYCS2 Horizontal IGS14 Velocity





Replacing NAD83
• NAD83 replaced in 2022 by 4 “plate-fixed” reference frames

• defined by CORS (GNSS data, coordinates, velocities, antennas)

• removes non-geocentricity of NAD 83 by aligning w/ global 

International Terrestrial Reference Frame of 2014 (IGS14)

• identical to IGS14 at 2020.00, then diverges

• removes most of tectonic plate rotation from IGS14 using 

plate rotation modeling        

• CORS velocities deviating from rigid-plate rotation captured in    

3-D velocity model (to transform to fixed epoch)



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  
(MATRF2022)

In 2022, the National Spatial Reference System will be modernized with
4 new geometric reference frames:
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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
(contours in meters)



A New State Plane Coordinate System

• State Plane Coordinate System of 2022 (SPCS2022)
– Referenced to 2022 Terrestrial Reference Frames (TRFs)

– Based on same ellipsoid as NAD83 / SPCS 83 (GRS 80)

– Same 3 conformal projection types as SPCS 83 and 27:

Transverse 
Mercator 
(TM)

Oblique 
Mercator 
(OM)

Lambert 
Conformal 
Conic 
(LCC)



Past Year’s NGS 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!



https://www.federalregister.gov/

Federal Register Notice

• Announced draft SPCS2022 Policy and Procedures

• Also asked for input on “special purpose” zones

• Published on April 18, 2018

• Public comment period ended Aug 31, 2018

https://www.federalregister.gov/


Overview of SPCS2022
Federal Register Notice feedback

• FRN public comment period April 18-Aug 31, 2018
– For draft SPCS2022 policy & procedures
– Wide variety of formats and content
– Individuals, organizations, and groups of organizations

• Received 41 unique responses:
– 4 national in scope (3 from USGS)
– 3 for Native American tribes
– 1 regional (3 states)
– 33 from states

• 105 people represented by name
• 97 organizations represented



Summary of main changes
• Allow “special use” zones

– But only for zone areas in more than 1 state
• NGS will design statewide zone for every state

– Also will design default zones if no consensus request 
for something different from state stakeholders

• Allow max of 3 layers (1 statewide + 2 multi-zone)
– But most states will have 1 or 2 layers

• Added requirement that all zones be unique
• Require positive east longitudes
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Changes to SPCS2022 Policies





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



34

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.



“Special use” SPCS2022 zones
• Zones for regions in more than one state

• Categories:
– Major urban areas (e.g., New York, Chicago, St. Louis)
– Large American Indian reservations (e.g., Navajo Nation)
– Large federal jurisdictions or applications 

(e.g., Yellowstone National Park, mapping of Atlantic 
Coast)

• Requires NGS Director approval (case-by-case basis)











Montana statewide
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Montana statewide + 
discontinuous LDPs

41



Making requests and proposals
• Two (draft) fillable PDF forms

– Intent:  make easy for stakeholders and NGS
– Simple:  pick lists, radio buttons, few free-form fields

• SPCS2022 Zone Request and Proposal Form
– Request zone designs or modifications by NGS
– Propose zones designed by stakeholders (usually LDPs)

• SPCS2022 Zone Design Submittal Form
– For stakeholders to submit their own zone designs
– Based on a previous proposal approved by NGS
– Not required for requests



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
NGS.SPCS@noaa.gov
by March 31, 2020 for requests and proposals
by March 31, 2021 for submittal of approved designs

mailto:NGS.SPCS@noaa.gov


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



geodesy.noaa.gov/SPCS/



SPCS2022 summary
• SPCS2022 characteristics different from SPCS 83:

– Minimize distortion at topo surface, not ellipsoid
– NGS will design statewide and default zones
– Up to 3 zone “layers” allowed (including an LDP layer)
– Allow “special use” zones (if in multiple states)
– Coordinate changes of at least 10,000 m everywhere
– Longitudes defined as positive east (0°-360°)
– Stakeholders can request and propose preferences

• Consensus state stakeholder input required for 
SPCS2022 zone requests, proposals, and designs

• Can still change/add/remove zones after 2022
46





• Template Draft NSRS Legislation                                                                How to use this template:
• 1) Whenever the word “state” is used below, it should be taken to mean “state or territory”
• 2) The intent of this template is to augment, not fully replace, existing state laws dealing with a state-specific coordinate 

system and its relationship to existing or prior datums of the National Spatial Reference System (NSRS).
• 3) The National Geodetic Survey (NGS) intends to release a new State Plane Coordinate System (SPCS) as part of the 

release of any new geometric datum, including that planned for release in 2022.  As such, it is imperative that each state do the 
following:

• a. Ensure that any changes from the 1983 SPCS which the majority of geospatial professionals in the state wish to make, 
be agreed at the state level and communicated to NGS, prior to 2022 and 

• b. Ensure that any law naming the state-specific coordinate system contains a definition of how that state-specific 
coordinate system relates to the SPCS.  

• i. For example, if Michigan wishes to legislate that the “Michigan Plane Coordinate System” be used in the state of Michigan, 
then the law should specify that the “Michigan Plane Coordinate System” is identical to (or in some other way, defined in the
law, related to) the “Michigan portion of the State Plane Coordinate System as defined by the National Geodetic Survey”.

• 4) Related to #2 above, language should connect the state-desired coordinate system to the federally-defined SPCS, while 
leaving state and federal responsibilities independent.  

• a. For example, both NGS and the California Spatial Reference Center (CSRC) cannot be jointly responsible for the 
California Plane Coordinate System (if that is the name chosen by California).  If the CSRC is going to define the California Plane 
Coordinate System, they should solely define it, and have the law reflect how it relates to the federal (NGS-specified) SPCS.  

• 5) Reference to specific years or datum names within the NSRS should be avoided, as the intent of the template is to 
provide legislation that will be accurate and relevant both today (under NAD 83), through the new datum (in 2022) and beyond 
to whatever datums come after 2022.

• 6) Wherever the phrase “<state>” is used in the template below, insert the name of your specific state or territory.
• 7) Sections which are considered optional are set aside (in parentheses and in red)
• 8) Sections which are explanatory and not to be copied into the law are in bold and italic.
• 9) Parts of the law where a choice of options must be made are set <in brackets and highlighted>
• 10) While most states legislate the use of a planar coordinate system, this template addresses both planar and geodetic 

coordinates, to provide the greatest flexibility across all states.



NMVD03

ASVD02

NAVD 88

NA and Caribbean
1. NAVD 88
2. IGLD 85
3. PRVD02
4. VIVD09

Pacific
1. GUVD04
2. NMVD03
3. ASVD02

Current vertical datums of the NSRS

GUVD04

PRVD02

VIVD02

IGLD 85

NAVD 88



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



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



GEOID12B (Hybrid Geoid Model) 



Earth 
surface

Orthometric height, H

Geoid height, N

Ellipsoid height, h

Mean 
sea level

H  ≈  h − N

The Relationship of Heights








Earth surface

Ellipsoid

Geoid

Orthometric height, H

Geoid height, N

Ellipsoid height, h

Mean 

sea level

H  ≈  h − N

































GPS on Bench Marks (GPSBM)



GEOID12B – Beta GEOID18











GPS on Bench Marks (GPSBM)



GPS on Bench Marks (GPSBM)



X, Y, Z

USNG UTM

SPC

φ, λ, h

X, Y, Z

USNG UTM

SPC

φ, λ, h

X,
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φ,
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, h

USSD

NAD 27

NAD 83 (1986)

NAD 83 (2011)

NAD 83 (NSRS2007)

NAD 83 (FBN)
NAD 83 (HARN)

2022 

Coordinate Transformation Tool
(NCAT / NADCON 5.0)

Relating coordinates: 
then & now



Annual Experimental Geoids



********** New Reference Frame Preview **********

We are replacing the nation’s NAD 83 and NAVD 88 datums, to 
improve access and accuracy of the National Spatial Reference 
System. More at https://geodesy.noaa.gov/datums/newdatums/

Below are approximate coordinates for this solution in the new 
frames:

APPROX ORTHO HGT: 1480.951 (m) 
[PROTOTYPE (Computed using xGeoid18B,GRS80,IGS08)]

Preparing for Tomorrow:
Online Positioning User Service (OPUS) NAPGD2022 Preview

(NAVD88: 1481.549 m)

(Extracted from OPUS Extended Output)

https://geodesy.noaa.gov/datums/newdatums/
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NSRS Modernization: the “Blueprints”

#1 Geometric:
Sep. 2017

#2 Geopotential:
Nov. 2017

#3 Working in the
Modernized NSRS:

Coming Soon

Blueprint for 2022, Part 3: Working in the Modernized NSRS 







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



Accurate positioning begins 
with accurate coordinates 
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