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New Datum/Reference Frames Are 
Coming in ~2022!

 NOAA’s National Geodetic Survey will 
release new geometric (horizontal) and 
geopotential (vertical) reference frames in 
~2022

 Realization of the new frames will be through 
GPS/GNSS receivers 

 Target- 2 cm accuracy: relative to sea 
level (orthometric heights) using GPS/GNSS 
and a geoid (gravity) model from NGS’ GRAV-
D project.

 NGS will provide the tools to transform 
between the new reference frames and old 
datums. 

MORE INFO:
Go to the Geospatial Summit webpage:
http://www.geodesy.noaa.gov/2015GeospatialSummit/

New Reference Frame Webpage and Videos:
http://www.geodesy.noaa.gov/datums/newdatums/NewDatums.shtml



NAD 83 Datum vs New Geometric Global 
Frame

Access the old way

Edited from the 2015 Geospatial Summit  3

Prepare to access the new way

Temporal Geoid Change

Text based datasheets

Observed changes viewed as 
“corrections” not “movement”

Reliance on passive marks… 
Fragile, unchecked passive control

Modern datasheets

CORS

RTN

Global time/velocity changes
accounted for

Live in the present

Work in the 
NSRS



Improvements and advancements are on the way!
• New science yields improved methods and 
performance which in turn provides:
– better service 
– better products
– better accuracy 
– better repeatability
– better sustainability 
– better efficiency
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• These changes will take time. 
• May change the way we are used 

to working.
• May require learning new things!



The Geometric Frame
• NGS computes all 3D coordinates (LLh) in the 
current NSRS global frame (ITRF08/IGS08) 

• then outputs the current NSRS North American 
Datum:    NAD 83(2011)2010.00

• This is the way the OPUS products work now.

Current global frame =  ITRF08 / IGS08
Next global frame =  ITRF14 / IGS14
Future global frame =  ITRF20 / IGS20
(there may be others ‐ estimated dates)



OPUS Solution Report



OPUS Projects
User 
selected 
output 
reference 
frame



_____________________________________________________________________________ 
|                                                                             |
|         Antenna Reference Point(ARP): LOUISIANA STATE U CORS ARP            |
|         -------------------------------------------------------- |
|                             PID = DF5754                                    |
|                                                                             |
|                                                                             |
| IGS08 POSITION (EPOCH 2005.0)                                               |
| Computed in Aug 2011 using data through gpswk 1631.                         |
|     X =   -113402.830 m     latitude    =  30 24 26.72906 N                 |
|     Y =  -5504361.332 m     longitude   = 091 10 48.94056 W                 |
|     Z =   3209404.206 m     ellipsoid height =   -6.555   m                 |
|                                                                             |
| IGS08 VELOCITY                                                              |
| Computed in Aug 2011 using data through gpswk 1631.                         |
|     VX =  -0.0119 m/yr northward =  -0.0011 m/yr |
|     VY =   0.0024 m/yr eastward  =  -0.0119 m/yr |
|     VZ =  -0.0025 m/yr upward    =  -0.0031 m/yr |
|                                                                             |
|                                                                             |
| NAD_83 (2011) POSITION (EPOCH 2010.0)                                       |
| Transformed from IGS08 (epoch 2005.0) position in Aug 2011.                 |
|     X =   -113402.171 m     latitude    =  30 24 26.70946 N                 |
|     Y =  -5504362.810 m     longitude   = 091 10 48.91474 W                 |
|     Z =   3209404.365 m     ellipsoid height =   -5.211   m                 |
|                                                                             |
| NAD_83 (2011) VELOCITY                                                      |
| Transformed from IGS08 velocity in Aug 2011.                                |
|     VX =   0.0021 m/yr northward =   0.0000 m/yr |
|     VY =   0.0034 m/yr eastward  =   0.0020 m/yr |
|     VZ =  -0.0020 m/yr upward    =  -0.0040 m/yr |
| |

Also 
antenna 
models are 
IGS08.atx 
(Absolute 
models)
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We manage (store, analyze, disseminate) 
data from over 2000 GNSS stations in the 
CORS network

90 day time series shown 
above



• International Global Navigation Satellite Systems Service (IGS)
• International Laser Ranging Service (ILRS)
• International Very Long Baseline Service (IVS)
• International DORIS Service (IDS)

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

http://itrf.ensg.ign.fr/



New!
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The latest global frame 
development
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The latest global frame 
development
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Northern latitude ice melt and post‐
glacial rebound
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Map of 424 earthquakes magnitude 4.5+ in the last 30 
days.  Quakes may cause a discontinuity in time/velocity 
model and need to be accounted for.

Courtesy USGS website



New geometric datum minus NAD 83 
(horizontal)

NGS NW Region



New geometric datum minus NAD 83 
(ellipsoid height)
NGS NW Region
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Stay current and visit the NGS NEW 
Datums web page

The new reference frames (geometric and geopotential) will rely primarily Global 
Navigation Satellite Systems (GNSS) such as the Global Positioning System (GPS) as 
well as an updated and time-tracked geoid model. This paradigm will be easier and 
more cost-effective to maintain.



• Goal to replace the US Vertical Datum by 2022 
with a gravimetric geoid accurate to 1 cm 

• 2 cm accurate orthometric heights via GNSS 
‐Airborne gravity survey of entire country 
‐Long‐term monitoring of geoid change

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

Gravity and Heights are
inseparably connected



GRAV‐D Overview

1. Background – why airborne gravity collection
2. Methods – data collection and processing
3. Validation – internal and external quality evaluation
4. Research – ongoing improvements
5. Data Use – experimental geoids

The following GRAV‐D series of slides by:
• Monica Youngman1, Vicki Childers1, Theresa Damiani1, Sandra Preaux1, Simon Holmes2, Carly Weil3

• 1NOAA’s National Geodetic Survey, 2Stinger Ghaffarian Technologies, 3Data Solutions Technology



Background
• National Geodetic Survey 

mission: define, maintain, 
and provide access to the 
National Spatial Reference 
System (NSRS)

• Problem: Known issues 
with the current vertical 
datum (NAVD 88)

• Goal: move to a gravity 
based vertical datum with 
a 1 cm accurate geoid
– Gaps in gravity data 

coverage
– Inconsistent terrestrial 

surveys
– Medium wavelength gap

Ex. Southern 
U.S. Coast 
20-100 km 
gravity gaps 
along coast



Long Wavelengths
(≥ 250 km)

GRACE/GOCE/Satellite Altimetry

Intermediate Wavelengths
(500 km to 20 km)

Airborne Measurement

Surface Measurement and 
Predicted Gravity from Topography

Short Wavelengths
(< 100 km)

+

+

Measuring the Gravity Field



GRAV‐D Project Overview
• Overall Target: orthometric 

heights accurate to 2 cm from 
GNSS and a geoid model

• GRAV‐D Goal: Create 
gravimetric geoid accurate to 1 
cm where possible using 
airborne gravity data

• GRAV‐D: two phases
– Airborne gravity survey of 
entire country and its holdings

– Long‐term monitoring of geoid 
change

• Leveraging partnerships to 
improve and validate gravity 
data



Data Collection Scope

• Entire U.S. and territories
– Total Square Kilometers: 15.6 

million
– ~200 km buffer around territory 

or shelf break if possible
– Initial target area for 2022 

deadline



Methods: Survey Reconnaissance

Parking spot ID

A10 measurement

Vertical gravity gradient 
GPS Base Stations



GRAV‐D Aircraft
• NOAA 

– Gulfstream Jet Prop
– Orion P‐3 
– Cessna Citation (Jet)

• DOI Bureau of Land 
Management
– Pilatus PC‐12
– King Air 200

• Naval Research Lab
– King Air RC‐12

• Contract Aircraft
– King Air E‐90A (Fugro)
– Cessna Conquest (Fugro)
– King Air 200T (Dynamic Aviation)

Pilatus PC‐12

King Air E‐90A

King Air RC‐12

26Turbo Commander



Data Collection
• Equipment

– Micro‐g TAGS III Air‐Sea 
Gravimeter

– GNSS Antenna and Receiver 
on aircraft

– NovAtel SPAN Inertial 
Measurement Unit with 
Honeywell µIRS IMU

– At least 2 GNSS antennas and 
receivers at the airport

• Data Collection
– 10 km data line spacing
– 80 km cross line spacing
– 20,000 ft (6090 m) flight 

height
– ~250 kts flight speed

Micro-g LaCoste TAGS Gravimeter

NovAtel SPAN-SE



• Field Quality Control 
Processing
– GPS/IMU combined solution 

using differential positioning
– Gravity processing with Issac

(internal software)

• Final Processing
– GPS/IMU combined solution using Precise 

Point Positioning (PPP)
– Gravity processing with Newton (internal 

software) 
– Quality evaluated and data minimally trimmed
– Processed data and documentation released

Data Processing



Lake Michigan



Southern Alaska Northeast Coast

Lake Michigan Central U.S. (Iowa)



GRAV‐D Data Status



Aerial data collection validation

• Internal Validation
– Crossover analysis
– Line to line comparison
– Line re‐flights

• External Validation
– Updates to EGM08 compared to 

GOCE
– Geoid Slope Validation Surveys 

(2011, 2014, 2017)



GSVS2011, GSVS2014, GSVS17
• Field ground surveys that provide for external 
confirmation check on the GRAV‐D geoid model.
– GSVS2011 located near sea level in TX
– GSVS2014 located mid elevation in IO
– GSVS2017 located high elevation in CO

» Survey methods include:
• Differential Leveling
• Campaign GPS
• RTN‐based GPS if available
• Absolute Gravity
• Gravity Gradients
• Deflections of the Vertical
• Airborne LIDAR
• Airborne Imagery 33



Extent of 2022 geoid 
model used for 
new geopotential
reference frame

April 13, 2015 2015 Geospatial Summit  34

Continental consistency

In the new geopotential 
reference frame, heights 
will be consistent from 
pole to equator and 
Aleutians to Greenland.  



Data Use: Experimental Models

Annually update and release 
an experimental gravimetric 
geoid with airborne gravity 
data

– Gravimetric Geoids
• from USGG2012 (last non‐
GRAV‐D gravimetric geoid)

• through xGG201? (annual 
experimental geoid)

• to USGG2022 (the final 
geoid with GRAV‐D)

– Improve computation 
methods

– Website access allows point 
queries

xGG2014 (June 2014)



NGS NW Region
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xGEOID15A: All available data and best methods EXCLUDING GRAV‐D airborne gravity data.

xGEOID15B: All available data and best methods INCLUDING GRAV‐D airborne gravity data.



Orthometric Heights from OPUS

Make geoid‐based orthometric heights available 
via OPUS (NGS’ Online Positioning User Service)

– Done, in the extended output



Agreement on W0 value for the equipotential 
surface

The geoid is one of 
the infinitely 
equipotential 
surfaces 
surrounding the 
Earth, with some 
(true) potential 
value of W0.

To choose a threshold value (in alignment with both 
stakeholder needs and scientific integrity) in 2022, 
between predicted (modeled) geoid change and true 
geoid change (including deformation and sea level 
change) which will warrant new realization of the 
vertical datum.



Stay tuned to the NGS web page for 
new information, videos, and data

https://www.youtube.com/playlist?list=PLsyDl_aqUTdFY6eKURmiCBBk-mP4R10Dx



Find the article(s) in the Archives at:
http://www.amerisurv.com



Mark.l.armstrong@noaa.gov
geodesy.noaa.gov



Questions
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Mark L. Armstrong, PLS ‐ Oregon State 
Geodetic Advisor
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