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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

National Spatial Reference System

& their time variations

(& National Shoreline, etc.)

• Latitude
• Longitude
• Height  

• Gravity
• Orientation
• Scale

 North American
Datum 1983

(NAD83)

 North American
Vertical Datum 1988

(NAVD88)  





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)]

UTM COORDINATES    STATE PLANE COORDINATES
UTM (Zone 12)         SPC (0203 AZ W)

Northing (Y) [meters]     4099243.864         665555.848
Easting (X)  [meters]      228583.492           186653.763
Convergence  [degrees]    -1.83669558          -0.18057714
Point Scale                1.00050761           0.99994212
Combined Factor            1.00038940           0.99982398
US NATIONAL GRID DESIGNATOR: 12STF2858399243(NAD 83)

BASE STATIONS USED
PID       DESIGNATION                        LATITUDE    LONGITUDE    DISTANCE(m)
DN8733 AZDS DOLAN SPRINGS CORS ARP         N353159.266 W1142133.190  165161.0
DM7868 AZGV GOLDEN VALLEY CORS ARP         N351515.731 W1141515.311  194606.3
AI8805 FRED FREDONIA CORS ARP              N365917.978 W1122957.135  138082.8



NEAREST NGS PUBLISHED CONTROL POINT
HP0314      BOUNDARY INITIAL MON AZ NV UT  N370000.687 W1140300.182       0.3

This position and the above vector components were computed without any
knowledge by the National Geodetic Survey regarding the equipment or
field operating procedures used.
8002   Did you observe at BOUNDARY INITIAL MON AZ NV UT ? https://geodesy.noaa.gov/cgi-

bin/ds_mark.prl?PidBox=HP0314
8002   To help maintain the NSRS database, please consider sharing either your
8002      -- data & recovery notes (see https://geodesy.noaa.gov/marks/sharing/ )
8002      -- recovery notes only  (see https://geodesy.noaa.gov/marks/recovery/ )



NAD 83(2011) epoch 2010.00





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) Network
 2000 sites 

(including 400 PBO)

 225 organizations



Continuously Operating Reference Station (CORS) Network







• 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
current version @ NGS: ITRF 2008 (epoch 2005.0)

[recently released: ITRF 2014 (epoch 2010.0)]

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

http://www.iers.org/


CORS Coordinates

IGS08 epoch 2005.0 = 
International GNSS Service 2008

(@ January 1, 2005)
(GPS-only realization of ITRF2008)IGS08 Position >>

IGS08 Velocity >>

NAD83 Position >>

NAD83 Velocity >>

NAD83 (2011) epoch 2010.00 = 
North American Datum 1983 (2011)

(@ January 1, 2010)



http://geodesy.noaa.gov/CORS/coords.shtml

Current 14-Parameter Transformation –
IGS08  >>  NAD83(2011)



•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



You are invited! …. 

• OPUS-Projects Workshop
– May 8-9, 2017
– Park City, UT
– at UT Geographic Information Council (UGIC) 

Annual Conference (May 8-12, 2017)



OPUS IGS14 Announcement



OPUS – Share
(aka OPUS-DB)

 Sharing Criteria:

•NGS-calibrated antenna 
•> 4 hour data span 
•> 70% observations used 
•> 70% fixed ambiguities 
•< 0.04m H peak-to-peak 
•< 0.08m V peak-to-peak 

 Uses:

•GPS on BMs

•PLSS / GCDB

•Data archive

•Data sharing



Shared OPUS Solutions







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 reference 
frame to 2 cm when using 15 min of 
GNSS data

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

http://www.geodesy.noaa.gov/web/news/Ten_Year_Plan_2013-2023.pdf

http://www.geodesy.noaa.gov/web/news/Ten_Year_Plan_2013-2023.pdf


NAD83 Shortcomings
o 2.2 m offset –

NAD83 vs. 
International Terrestrial
Reference Frame (ITRF)

(and WGS84)

o CORS & passive network “disconnect”  

vs.
IT

RF



Future Geometric (3-D) Reference Frame
 replace NAD83 with new geometric reference frame – by 2022

 CORS-based, accessed via GNSS observations

 coordinates & velocities in ITRF & new US reference frame

 passive control tied to new reference frame (not a component)

 transformation tools will relate NAD83 to new US reference frame

( HTDP / NADCON / GEOCON ... )



And it shall be called…
North American Terrestrial Reference Frame of 2022 

(NATRF2022)

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

• 4 plate-fixed frames
• identical to the IGSXX reference frame at a TBD epoch
• over time, will relate to IGS frame via Euler Pole Rotation
• all CORS velocities deviating from rigid-plate rotation will 

be captured in 3-D velocity model







NORTH AMERICAL VERTICAL DATUM 1988 (NAVD88)



North American Vertical Datum 1988 (NAVD88) Shortcomings
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

Approximate Geoid Mismatch in the NAVD88 H=0 surface



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

model ever built: 1 cm 



Future Geopotential (Vertical) Datum 



And they shall be called…
North American-Pacific Geopotential Datum of 2022 

(NAPGD2022)
&

GEOID2022

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

• GEOID2022 will be time-dependent



Building a Gravity Field

Long Wavelengths
(≥ 250 km)

GRACE/GOCE/Satellite Altimetry

Intermediate Wavelengths
(300 km to 20 km)

Airborne Measurement

Surface Measurement and 
Predicted Gravity from Topography

Short Wavelengths
(< 100 km)

+

+



• Replace the national vertical datum 
(NAVD88) by 2022 with a
1 cm accurate gravimetric geoid  

• Orthometric heights accessed via GNSS 
accurate to 2 cm

• Thrusts of project:

– Airborne gravity survey of entire 

country and its holdings

– Long-term geoid change monitoring 

– Partnership surveys

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

Gravity and Heights are
inseparably connected



GRAV-D Status (58%)
• 10 km data lines
• 70 km cross lines
• 20,000 ft altitude
• 230 kt flight speed



GRAV-D Data Collection Scope
• Entire U.S. and territories

– Area: 15.6 million sq km
– Initial target area for 2022
– ~200 km buffer around 

territory or shelf break



Extent of 2022 gravimetric geoid model 
used for new geopotential reference frame



Experimental Geoid 2016
xGEOID16B

https://beta.ngs.noaa.gov/GEOID/xGEOID16/



GPS
DoV

Leveling

Gravity

LIDAR/
Imagery

Geoid Slope Validation Surveys – 2011 & 2014



Geoid Slope Validation Survey: 3 phases to 
validate accuracy of the gravimetric geoid model

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)



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

– via surveys (or possibly via NADCON/GEOCON)

• 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 
– improve next  geoid model & relationship with new datum

• METADATA!!!!



Legislation 
• When NAD 83 replaced NAD 27, the Federal NSRS 

users were required to switch to NAD 83

• Through the 1980s and 1990s NGS worked with the 
states to update their laws
– To encourage use of the new system beyond the feds

• 48 states now have laws that refer to NAD 83 by 
name
– A name which will be retired in 2022



Legislation
• In 2016, NSPS,  AAGS, and NGS formed a committee 

to address this issue
– The NSPS/AAGS/NGS Advisory Committee on National 

Spatial Reference System Legislation

• New Legislative Template completed June 2016
– Generic terminology:  “NSRS or its successor,” etc.
– NSPS will work with the states to adopt the new template 

between 2017 and 2022





NGS Geospatial Summit
Silver Spring, MD (and via web) -- April 24-25, 2017









Attend a Monthly Webinar



Accurate positioning begins 
with accurate coordinates 
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