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Session description and objectives

* [n 2022, the National Geodetic Survey will be replacing the
U.S. horizontal and vertical datums (NAD 83 and NAVD 88).
We will discuss the history of these datums, their relationship
to other reference frames, the reasons for the change, and how
It affects surveyors and their access to these datums.

* Objective...gain a fundamental understanding of:
— How and why our datums/reference frames have changed over time
— The need to further modernize the US reference frames
— How NGS will define new reference frames
— How users will access the new reference frames
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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, soclal & environmental needs

National Spatial Reference System

el atitude *Scale
eLongitude *Gravity
*Height *Orientation

& their time variations
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The National Spatial Reference System supports

National Oceanic and Atmospheric Administration

‘@' Nautical charts, among many other geospatial applications

STARTA
)

@ FEMA Emergency Response Irpagery,
= Flood zones for the National Flood Insurance Program
Federal Emergency Management Agency

Levee Safety Program to determine levee heights & positions
m United States Army Corps of Engineers
=~ SGS Topographic Maps and interior water data for the nation
science for a changing world Un'ted StateS GeO|Oglca| SU rvey

NSRS gravity data for the geospatial mission of NGA

National Geospatial-Intelligence Agency

Aeronautical Data Quality Assurance

Federal Aviation Administration
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GEODETIC DATUMS

HORIZONTAL

2 D (Latitude and Longitude) (e.g. NAD 27, NAD 83 (1986))

VERTICAL

1 D (Orthometric Height) (e.g. NGVD 29, NAVD 88, Local Tidal)

GEOMETRIC

3 D (Latitude, Longitude and Ellipsoid Height)

Fixed and Stable - Coordinates seldom change
(e.g. NAD 83 (1996), NAD 83 (2007), NAD 83 (CORS96) NAD 83 (2011))

also

4 D (Latitude, Longitude, Ellipsoid Height, Velocities) Coordinates change with time
(e.g. ITRFOO, ITRFO08)
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A (very) brief history of NAD 83

Original realization completed in 1986

— Consisted (almost) entirely of classical
(optical) observations

“High Precision Geodetic Network”

(HPGN) and “High Accuracy Reference

Network” (HARN) realizations

— Most done in 1990s, essentially state-by-
state

— Based on GNSS but classical stations
Included in adjustments

National Re-Adjustment of 2007

— NAD 83(CORS96) and (NSRS2007)

— Simultaneous nationwide adjustment
(GNSS only)

New realization: NAD 83(2011) epoch
2010.00
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What 1s a Datum?

"A set of constants specifying the coordinate system used for
geodetic control, i.e., for calculating the coordinates of
points on the Earth."

"The datum, as defined above, together with the coordinate
system and the set of all points and lines whose coordinates,
lengths, and directions have been determined by
measurement or calculation."

NGS has used the first definition for NADS83
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Why change datums/Realizations

 NADZ27 based on old observations and old system

« NADB83(86) based on old observations and new
system

 NAD83(95) based on new and old observations and
same system (HARN)

« NAD83(NSRS2007) based on new observations and
same system. Removed regional distortions and made
consistent with CORS

« NAD83(2011) based on new observations and same
system. Kept consistent with CORS
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Horizontal Datums/Coordinates...What
do we (you) use In CT?

 NAD 27 « WGS 84
« NAD 83 (Lat-Lon) SPC — Which one???
— Which one??? « WGS 84 (1987)
* NAD 83 (1986) « WGS 84 (G730)
 NAD 83 (1992)  WGS 84 (G873)
* NAD 83 (1996)  WGS 84 (G1150)
 NAD 83 « WGS 84 (G1674)
CORS96(2002) « WGS 84 (G1762)

» NAD 83 (NSRS2007) . |TRF00 (epoch 97)
* NAD 83 (2011) « 1GS08 (epoch 2005)
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COORDINATE CHANGES
ADJUSTMENT YEARS LOCAL NETWORK
ACCURACY ACCURACY

NAD 27 1927 -1986  1:100,000 10 m
NAD 83 (1986) 1986 -1992  1:100,000 1m
NAD 83 (1992) (HARN) 1992 -1997  1:10,000,000 0.1m
CORS KLY — 0.01/0.02 m 0.02/0.04 m
NAD 83 (1996) (FBN/CBN) 1997 -2007  0.05/0.05 m 0.05/0.05 m
NAD 83 (NSRS 2007) 2007 -2012  0.01/0.02m 0.02/0.04 m

NAD 83 (2011) epoch 2010.0 2012 - ------- 0.009/0.015m



National Geodetic Survey

NEW STANDARDS FOR GEODETIC
CONTROL (FGDC)

TWO ACCURACY STANDARDS

local accuracy -----------—-- adjacent points
network accuracy ---------- relative to CORS

Numeric quantities, units in cm (or mm)

Both are relative accuracy measures

Do not use distance dependent expression

Horizontal accuracies are radius of 2-D 95%b error circle
Ellipsoidal/Orthometric heights are 1-D (linear) 95%b error

i@ National Oceanic and Atmospheric Administration
'.}"'- e 5"’;
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The NSRS has evolved

2007 National Readjustment

1 Million 70,000
Monuments Passive Marks
(Separate Horizontal>y (3-Dimensional)

and Vertical Systems)

Passive
Marks ~ 2,000 GPS

(Limited - CORS
Knowledge of (Time Dependent
Stability) System Possible;

4_D|men3|0nal) Global Navigation Satellite System

:: GPS

: =W : :

other L@augmentations

constellations | &ﬁ( .
.t

GPS CORS > GNSS CORS . ),

f =, Galileo




ITRF2008, 1GS08
AND NAD 83(2011)
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I TRF2008

For the geodesy, geophysics and surveying
communities, the best International Terrestrial
Reference Frame is the “gold standard.”

The global community recently adopted an updated
expression for the reference frame, the ITRF2008.
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International Earth Rotation and
Reference System Service
(IERS)

(http://www.iers.orq)

The International Terrestrial Reference System (ITRS) constitutes a set of prescriptions
and conventions together with the modeling required to define origin, scale, orientation
and time evolution

ITRS is realized by the International Terrestrial Reference Frame (ITRF) based upon
estimated coordinates and velocities of a set of stations observed by Very Long Baseline
Interferometry (VLBI), Satellite Laser Ranging ( SLR), Global Positioning System and
GLONASS (GNSS), and Doppler Orbitography and Radio- positioning Integrated by
Satellite ( DORIS).

ITRF89, ITRFI0, ITRFI1, ITRF92, ITRF93, ITRF94, ITRF95, ITRF96, ITRF9I7,
ITRF2000, ITRF2005, ITRF2008


http://www.iers.org/
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International Terrestrial Reference Frame
4 Global Independent Positioning Technologies
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Simplified Concept of NAD 83 vs. ITRF08

A

h%
h08 Earth’s
Surface

»
»

o

ITRFO08
llmeterivl/ongm
K\\ NAD 83

Origin

Identically shaped ellipsoids (GRS-80)
a =6,378,137.000 meters (semi-major axis)
1/f = 298.25722210088 (flattening)
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Densification

The ITRF2008 is expressed through the coordinates
and velocities of marks on the ground plus ancillary
data.

Other organizations can take that information, add
additional marks, perform their own adjustment and
align their results to the ITRF2008 (A.K.A. densifying).

The variants try to be as consistent with the ITRF2008
as possible, but in the most formal sense, they are
unique from the ITRF2008. Therefore, they are given
unique names.
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The IGSO8

The IGS has densified reference frame with much
larger, global subset of GNSS tracking sites thereby
creating a GNSS-only expression of the ITRF2008
called the IGSO08. All IGS products have been
recreated so as to be consistent with the IGS08
Including GNSS ephemerides and antenna models.
Information about the IGS08 can be found at the IGS
web sites: igsch.jpl.nasa.gov. | would suggest starting
with IGSMAIL-6354, -6355 and -6356, all dated
2011-03-07.
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Velocities, IGS08 Epoch 2005.00
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Velocities, MAD 83(2011) Epoch 2010.00
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Multi-Year CORS Solution (MYCS)

NGS used its contribution to the IGS08 plus the additional CORS to
produce improved IGS08 coordinates and velocities for the CORS
network. From this, improved CORS coordinates and velocities in the
NAD 83 frame were defined.

To distinguish this from earlier realizations, this reference frame is called
the NAD 83 (2011). This is not a new datum: the origin, scale and
orientation are the same as in the previous realization.

In September 2011, NGS formally released IGS08 and NAD 83 (2011)
coordinates and velocities for the CORS. Information about the 1GS08
and NAD 83 (2011) can be found at
geodesy.noaa.gov/CORS/coords.shtml.
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Horizontaal Differenqes In_ CORS Po;itions
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Horizontal difference in positions of NAD 83(2011) epoch 2002.00 minus NAD 83(CORS96) epoch
2002.00.

26



NOAA’s National Geodetic Survey Positioning America for the Future geodesy.noaa.gov

Verticalﬂ_Diffe_renc_cfes In _r_CORS Pos_i___tions
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Vertical difference in positions of NAD 83(2011) epoch 2002.00 minus NAD 83(CORS96) epoch
2002.00.
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Horizontal
NAD 83(2011) epoch 2002.00 minus
NAD 83(CORS96) epoch 2002.00
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Vertical
NAD 83(2011) epoch 2002.00 minus
NAD 83(CORS96) epoch 2002.00
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Change in horizontal NAD 83 CORS coordinates

NAD 83(CORS96) epoch 2002.00 > NAD 83(2011) epoch 2010.00
Avg shifts (cm): AN =2.0(=*6.4); AE=0.2(%*5.9); AU =-0.9(*2.0)

— large shifts in western U.S. due to crustal deformation

— apparent rotation in “stable” U.S. likely due to errors in NUVEL-1A (used in HTDP)




NOAA’s National Geodetic Survey Positioning America for the Future geodesy.noaa.gov

Werbcal Ciftorences | MALF B3G00 1] epoch 20000 = MAL B COHSEE) mm.m |
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Horizontal
NAD 83(2011) epoch 2010.00 minus
NAD 83(CORS96) epoch 2002.00
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Vertical
NAD 83(2011) epoch 2010.00 minus
NAD 83(CORS96) epoch 2002.00
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Introducing...

NAD 83(2011) epoch 2010. OO

Multi-Year CORS Solution (MYCYS)
— Continuously Operating Reference Stations
— Reprocessed all CORS GPS data Jan 1994-Apr 2011
— 2264 CORS & global stations
— NAD 83 computed by transformation from 1GS08
2011 national adjustment of passive control
— New adjustment of GNSS passive control

— GNSS vectors tied (and constrained) to
CORS NAD 83(2011) epoch 2010.00

— Over 80,000 stations and
400,000 GNSS vectors

Realization SAME for CORS
and passive marks

This is NOT a new datum! (still NAD 83)
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Why a new NAD 83 realization?

e Multi-Year CORS Solution

— Previous NAD 83 CORS realization needed many improvements
— Consistent coordinates and velocities from global solution
— Aligned with most recent realization of global frame (IGS 08)
— Major processing, modeling, and metadata improvements
* Including new absolute phase center antenna calibrations
 National adjustment of passive control

— Optimally align passive control with “active” CORS control
» Because CORS provide the geometric foundation of the NSRS

— Incorporate new data, compute accuracies on all stations
— Better results in tectonically active areas

e Bottom line

— Must meet needs of users for highly accurate and consistent
coordinates (and velocities) using Best Available Methods
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NAD 83(2011/PA11/MA11) epoch 2010.00
Passive control results summary

o Station network accuracies (95% confidence)

— Overall median: 0.9 cm horiz, 1.5 cm height (78,709)

e 90% < 2.3 cm horizontal and 4.8 cm ellipsoid height
e Does NOT include 2163 no-check stations

— Median accuracies by network
e CONUS Primary: 0.7 cm horiz, 1.2 cm height (61,049)
o« CONUS Secondary: 1.6 cm horiz, 3.4 cm height (16,441)
o Alaska: 3.2 cm horiz, 5.7 cm height (814)
Pacific (PA11): 2.2 cm horiz, 5.0 cm height (282)
Pacific (MA11): 1.8 cm horiz, 3.8 cm height (123)
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NAD 83(2011) epoch 2010.00
National adjustment of passive control
Horizontal accuracy, cm (95% confidence)
CONUS networks, 10 cm cutoff

1085 Primary and 1292 Secondary no-check stations excluded
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60,815 of 60,881 (99.9%)
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NAD 83(2011/PA11/MA11) epoch 2010.00
Passive control results summary

e Station coordinate and height changes

— Overall median: 1.9 cm horiz, 2.1 cm height
e 97% changed <5 cm horizontally and vertically

— Median accuracies by network
« CONUS: 1.9 cm horiz, 2.1 cm height
o Alaska: 6.3 cm horiz, 2.8 cm height
 Pacific (PA11): 2.1 cm horiz, 2.3 cm height
o Pacific (MA1l): 2.5 cm horiz, 6.8 cm height
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Related Tasks, Products &

Deliverables

OPUS (Online Positioning User Service)

— Solutions for NAD 83(2011/PA11/MA11) epoch 2010.00
New hybrid geoid model (GEOID12A)

— NAD 83(2011) ellipsoid heights on leveled NAVD 88 BMs

New process for Bluebooking GPS projects

— Currently under development

— New version of “ADJUST” program

— Includes new GIS tools as part of adjustment process
New NAD 83 coordinate transformation tools

— HARN <> NSRS2007 <—-> 2011

— GEOCON GEOCON11

— Both horizontal AND “vertical” (i.e., ellipsoid height)

— Include output that indicates “quality” of transformation
» Quantified using station within grid cell that is worst match with model
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Recap: The fundamental questions

When was It done?

— Publication completed on June 30, 2012
* Intent: Simultaneous with release of GEOID12A

How many control stations? 80,872

How much did the coordinates change?

— Median: 1.9 cm horiz, 2.1 cm vertical

How accurate are the results?

— Median: 0.9 cm horiz, 1.5 cm vertical
(at 95% confidence level)

How do | make use of the results?

— Key Is metadata: Know and identify what you have
— Be consistent (1.e., don’t mix realizations)

— Understand your software (e.g., relationship to “WGS 84”7)
o Latest WGS 84 is G1674 (week of Feb 5, 2012), epoch 2005.00
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What 1s a Vertical Datum?

o Strictly speaking, a vertical
datum is a surface
representing zero elevation

 Traditionally, a vertical datum
IS a system for the
determination of heights
above a zero elevation surface

 Vertical datum comprised of:

— Its definition: Parameters
and other descriptors “topographic map.” Online Art

Britannica Student Encyclopaedia.

— Its realization: Its physical 17 pec. 2008
et ey <http://student.britannica.com/ebi/art-53199>
method of accessibility



http://student.britannica.com/ebi/art-53199
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History of vertical datums in the USA

 Pre-National Geodetic Vertical Datum of 1929
(NGVD 29)

— The first geodetic leveling project in the United States was surveyed by the
Coast Survey from 1856 to 1857.

— Transcontinental leveling commenced from Hagerstown, MD in 1877.

— General Adjustments of leveling data yielded datums in 1900, 1903, 1907,
and 1912. (Sometimes referenced as the Sandy Hook Datum)

— NGS does not offer a utility which transforms from these older datums into
newer ones (though some users still work in them!)
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History of vertical
datums in the USA

e NGVD 29
— National Geodetic Vertical Datum of 1929

— Original name: “Sea Level Datum of 1929”

— *“Zero height” held fixed at 26 tide gauges
* Not all on the same tidal datum epoch (~ 19 yrs)

— Did not account for Local Mean Sea Level variations from
the geoid

e Thus, not truly a “geoid based” datum
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Current Vertical Datum in the USA

* NAVD 88: North American Vertical Datum of 1988

» Definition: The surface of equal gravity potential to
which orthometric heights shall refer in North
America*, and which is 6.271 meters (along the plumb
line) below the geodetic mark at “Father
Point/Rimouski” (NGSIDB PID TY5255).

» Realization: Over 500,000 geodetic marks across
North America with published Helmert orthometric
heights, most of which were originally computed from
a minimally constrained adjustment of leveling and
gravity data, holding the geopotential value at “Father
Point/Rimouski” fixed.

Father Point
Lighthouse, Quebec

*Not adopted in Canada
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History of vertical
datums in the USA

 NAVD 88
— North American Vertical Datum of 1988

— One height held fixed at “Father Point” (Rimouski, Canada)

— ...height chosen was to minimize 1929/1988 differences on
USGS topo maps in the eastern U.S.

— Thus, the “zero height surface” of NAVD 88 wasn’t chosen for
Its closeness to the geoid (but it was close...few decimeters)
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History of vertical
datums in the USA

 NAVD 88 (continued)

— Use of one fixed height removed local sea level variation
problem of NGVD 29

— Use of one fixed height did open the possibility of
unconstrained cross-continent error build up

— But the H=0 surface of NAVD 88 was supposed to be
parallel to the geoid...(close again)
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Types Uses and History of Geol
Height Models

o Gravimetric (or Gravity) Geoid Height
Models
— Defined by gravity data crossing the geoid
— Refined by terrain models (DEM’s)
— Scientific and engineering applications

e Composite (or Hybrid) Geoid Height Models
— Gravimetric geoid defines most regions
— Warped to fit available GPSBM control data

— Defined by legislated ellipsoid (NAD 83) and local
vertical datum (NAVD 88, PRVDO02, etc.)

— May be statutory for some surveying & mapping
applications

v
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GPS NAVDS88 Benchmarks (16-Sep-96)

-12B.0 -58.0 -868.0
ﬁn.u IIJII.IIIII.II.JII.IllII.IIIII.IIlII.IIIII.II!II.IIIII.II!II.IIIII.II].I En.n
&
'g -
= 37.0-
e
u =
-
24.0
-12B6.0 -96.0 -66.0

Lnngiiuda

GPSBM1996: 2,951total 0 Canada STDEV =5 cm (20)



50N

40 N

30N

i | - L |

230 E 240 E 250 E 260 E 270 E 280 E 290 E

P GPSBM1999: 6,169total 0 Canada STDEV 9.2 cm (20)
%

\ \% Nai GPSBMZ2003: 14,185 total 579 Canada STDEV 4.8 cm (2 0)
-

300 E



NOAA’s National Geodetic Survey Positioning America for the Future geodesy.noaa.gov

GPS BMs for GEOIDO9

a7ne nan® aan® anne

GGPSBM2009: 18,398 STDEV 2.8 cm (20)

230°



NOAA’s National Geodetic Survey Positioning America for the Future geodesy.noaa.gov

l|. - f
,f"- ':" T

: i ... __,l.': l:_..-.:_ .- ..-= -: .-..I

iL "il'!_.:'-"‘.- gio ’- . P

,- CONUS
GPSonBM

o Used BM
s Used OPUS DB

e "'&-_- H..':..!\r.-'-?"'-'_‘-‘ =

$ Rejected BM

oY a%

'. ..‘ "..-""'-' 'a-"i

\ EJH y

b
GGPSBMZ2012A: 23,961 (CONUS)
499 (OPUS on BM)
574 (Canada)
177 (Mexico)

\of



NOAA’s National Geodetic Survey Positioning America for the Futus

Which Gemd for WhICh NAD 837

« NAD 83(2011) . Geoid12A/12B
. NAD 83(2007) . Geoid09

e Geoid06 (AK only)

« NAD 83(1996) & . Ge0id03
CORS96 e Ge0id99
e Geold96
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Mission and Vision of NGS

« To define, maintain and provide access to the National Spatial
Reference System to meet our nation’s economic, social, and
environmental needs

o “Maintain the NSRS” means “NGS must track all of the
temporal changes to the defining points of the NSRS in such a
way as to always maintain the accuracy in the NSRS
definition.”

* Vision - Modernize the Geopotential (“Vertical”) and
Geometric (“Horizontal”) datums
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Party Time, We’re Done!
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Problems with NAD 83 and NAVD 88

NAD 83 is not as geocentric as it could be (approx. 2 m)
= Positioning Professionals don’t see this - Yet

NAD 83 is not well defined with positional velocities

NAVD 88 is realized by passive control (bench marks) most of
which have not been re-leveled in at least 40 years.

NAVD 88 does not account for local vertical velocities
(subsidence and uplift)

= Post glacial isostatic readjustment (uplift)

= Subsurface fluid withdrawal (subsidence)

= Sediment loading (subsidence)

= Sea level rise in CT (0.84 ft — 0.92 ft per 100 years)
» Bridgeport, CT 2.88 mm/yr (0.009 ft/yr) 1964-2015
= New London, CT 2.55 mm/yr (0.008 ft/yr) 1938-2015
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The National Geodetic Survey 10 year plan
Mission, Vision and Strategy

2008 — 2018, 2013-2023
http:/7/www.ngs.noaa.gov/INFO/NGS10vearplan.pdf

noAR

L~

e Official NGS policy as of Jan 9, 2008
— Modernized agency
— Attention to accuracy
— Attention to time-changes

— Improved products and services National Geodetic Survey
— Integration with other fed missions Ten-Year Strategic Plan
2071832023
Pasitioning America for the Future
e 2022 Targets:

— NAD 83 and NAVD 88 re-defined

— Cm-accuracy access to all
coordinates

— Customer-focused agency
— Global scientific leadership

Matienal Oceanic and Atmospheric Administration » Matienal Geodetic Sarvey
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Since 2008...

e NGS has had two “ten year plans”

— Heavy on broad sweeping decisions
e e.g. “Replace NAD 83”

— Light on details
e How? What do we call it?

— 2016 was a good year for filling in those details
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Scientific Decisions

e Blueprint for 2022, Part 1: Geometric

v'Four plate-fixed Terrestrial Reference Frames

v'And what “plate fixed” means

v'Mathematical equation between IGS and TRFs
v'Plate Rotation Model for each plate
v'Coordinates at survey epoch

v'Intra-frame velocity model

v'To compare coordinates surveyed at different epochs
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Replacing the NAD 83’s

Three plate-(pseudo)fixed frames will be replaced
with four plate-fixed reference frames

— N. Amer., Pacific, Mariana, Caribbean(new!)

Remove long-standing non-geocentricity of NAD 83
frames

All four : identical to IGSxx at a TBD epoch
— 2020.007

All four : differ from 1GSxx by plate rotation only

— Updated Euler Pole determination for rigid plate only
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ITRF is now mature
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NAD 83 is not ITRF

e GPS & WAAS navigation uses WGS84, aligned to ITRF
e satellite orbits and other geospatial datasets use global frames

* our TRFs will agree with ITRF (specifically, IGSyy) at the initial epoch

* our TRFs will diverge from ITRF by a few cm each year to stay “plate-fixed”
— difference is a simple Euler plate rotation

— many areas will diverge further, as no plate is perfectly rigid
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Each frame will get 3 parameters
- Euler Pole Latitude

- Euler Pole Longitude

- Rotation rate (radians / year)

This will be used to compute
time-dependent TRF2022
coordinates from time-dependent
|IGS coordinates.

——

10mm/yr

240° 260" 280°

April 24, 2017 2017 Geospatial Summit, Silver Spring, MD
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Names

The Old: The New:

NAD 83(201 1) The North American Terrestrial Reference Frame of 2022
(NATRF2022)

NAD 83(PAI )

The Caribbean Terrestrial Reference Frame of 2022

NAD 83(MAI I) (CTRF2022)

The Pacific Terrestrial Reference Frame of 2022
(PTRF2022)

The Mariana Terrestrial Reference Frame of 2022

(MTRF2022)
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Scientific Decisions!!

e Blueprint for 2022, Part 2: Geopotential

v'Global 3-D Geopotential Model (GGM)
v'Will contain all GRAV-D data
v'Able to yield any physical value on/above surface

v'Special high-resolution geoid, DoV and surface
gravity products consistent with GGM

v'Not global: NA/Pacific, American Samoa, Guam/CNMI|
v'Time-Dependencies

v'Geoid monitoring service

v Impacts of deglaciation, sea level rise, earthquakes, etc
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GEOID2022 (et al) over American Samoa:
-16 to -10, 186-193

(Swains
S i T

Experimental Geoid 2016
(xGEOID16B)

JAmerican Sa
v
Pago Pago’

11-22, 143-148
Geoid Height (meters)

GEOID2022 (et al) over the North
America/Pacific/Caribbean/Central

|
|
[
N17

| |
|
EA43° 2t L L 14588 F147° E149°

America/Greenland region will range from i T e

Saipar N15

0 to 90 latitude and from 170 to 350 longitude. 7

| I
(Guam
HagatAatGuam

April 24, 2017 2017 Geospatial Summit, Silver Spring, MD
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Names

The Old:
e NAVD 88
PRVD 02 The New:

- VD03 The North American-Pacific Geopotential
onomeric - ASVDO2 Datum of 2022 (NAPGD2022)

= NMVDO3

GUVDO04 - Will include GEOID2022
ity IGLD 85

Gravity IGSN7 I

I GEOID12B

Undulations

Deflections of DEFLEC I ZB

the Vertical
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NAVD 88 is not alone

NAVD 88 North American Vertical Datum of

NMVDO3 Northern Marianas V’

VIVDO9S

v AN
Hawaii ... Hawaii- e‘& eQ

- @\ ot
GUVDO0O4 Guam Vertical P g O 6&
\) 2009, 3 each

4Ng soon)

WwWww.ngs.noaa.gov

&

PRVDO2 Puerto Rico Vertica! - @&
ASVDO02 American Samr 6

’ . .
o .al datum is inaccessible

various a "
IGLD 85 \e' . Lakes Datum of 1985

IGSN71 oe o
GEOID12. o Q
DEFLEC12B e vertical

April 24, 2017 2017 Geospatial Summit
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Why New Reference Frames?

J NAD 83

L non-geocentric, i.e. inconsistent with GNSS positioning

Q difficult to maintain consistency between CORS & passive network NAD 83 coordinates
QO lack of velocities, i.e. NAD 83 does not report station motion for passive marks

J NAVD 88

L cross-country build up of errors (“tilt” or “slope”) from geodetic leveling

L) passive marks inconveniently located and vulnerable to disturbance and destruction

L 0.5 mbias in the NAVD 88 reference surface from the (best) geoid surface
approximating global mean sea level

L) subsidence, uplift, freeze/thaw, and other crustal motions invalidate heights of passive
marks, and can make it difficult to detect such motions

O marks lacking adequate geophysical models - complicate sea level change detection

L changes to Earth’s gravity field cause changes in orthometric heights, but NAVD 88
does not account for those changes (NAVD88 based on a static gravity model)

O gravity model and modeling techniques used to determine NAVD 88 are not consistent
with those currently used for geoid modeling
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24 & 32 GHz K and Ka-band Crosslink

0

MASA Stations
LEQOP & Enntin.g.encv.!____
(Also McMurdo) -
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EL EE\aDCEntre
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WwWww.ngs.noaa.gov

GRACE - Gravity Recovery
and Climate Experiment
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NAVD 88 is tilted and biased

Approximate predicted change from NAYD 88 to new vertical datum

Predicted change estimated as NAVE 88 Yrero” (datum) surface minus NGS gravimetric geoid

Approximace
Qrithometric

Height Change
B 00015
B 2500
050-025
B o505
Bl - oo
| BEE

April 24, 2017 2017 Geospatial Summit
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Why isn’t NAVD 88 good
enough anymore?

Surface H (NAVD 88)

The Geoid

Errors in NAVD 88 : ~50 cm average,
100 cm CONUS tilt,
1-2 meters average in Alaska
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Why isn’t NAVD 88 good
enough anymore? STILL continued...

NAVD 88 suffers from:
e A zero height surface that:

— Has been proven to be ~50 cm biased from
the latest, best geoid models (GRACE
satellite)

— Has been proven to be ~ 1 meter tilted
across CONUS (again, based on the
independently computed geoid from the
GRACE satellite)
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Why isn’t NAVD 88 good
enough anymore...continued

e NAVD 88 suffers from use of bench marks that:
— Are almost never re-checked for movement

— Disappear by the thousands every year
— Are not funded for replacement

— Are not necessarily in convenient places
— Don’t exist in most of Alaska

— Weren’t adopted in Canada

— Were determined by leveling from a single point,
allowing cross-country error build up
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Why replace NAVD 88 and NAD 837

e ACCESS!

— easier to find the sky than a 60-year-old bench mark
— GNSS equipment is cheap and fast

 ACCURACY!

— easier to trust the sky than a 60-year old bench mark
— immune to passive mark instability

e GLOBAL STANDARDS!
— systematic errors of many meters across the US
— aligns with GPS, international efforts
— aligns with Canada, Mexico
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NGSIDB BM Status (1%, 2" order)

| CcT | MA | ME_| NH | RI_| VT_

In NGSIDB 2599 1125 5401 1092 1380 2158




NOAA’s National Geodetic Survey Positioning America for the Future geodesy.noaa.gov

NE Vertical Control
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Height-Mod means More Marks?
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Problems using traditional leveling (to
define a National Vertical Datum)

« Leveling the country can not be done again

— Too costly in time and money

— Leveling yields cross-country error build-up;
problems in the mountains

« Leveling requires leaving behind passive marks

— Bulldozers and crustal motion do their worst
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Height Modernization

L

Height
Modernization

Leveling
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How accurate Is a
GPS-derived Orthometric Height?

Relative (local) accuracy In ellipsoid heights between
adjacent points can be better than 2 cm, at 95% confidence
level

Network accuracy (relative to NSRS) in ellipsoid heights
can be better than 5 cm, at 95% confidence level

Accuracy of orthometric height is dependent on accuracy of
the geoid model — Currently NGS Is improving the geoid
model with more data, i1.e. Gravity and GPS observations on
leveled bench marks from Height Mod projects

Geold12a can have an uncertainty in the 2-5 cm range.
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How Good Can I Do With

OPUS Static?

OPUS Static feliably addresses the more historically
conventional requirements for GPS data processing. It
typicallyyields accuracies of:

1 — 2 cm horizontally
2—4 cm vertically

 4-7 mm differential ellipsoid height accuracy in GSVS11

 New ellipsoid height accuracy estimates will be included in a planned update to
HTMOD guidelines for a number of GNSS techniques.

I nonn
§ ;prNul]pa"l] 2035 and Atmospheric Administration 88
“"'«,w,ﬁf
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Positioning Error vs. Duration of the
. Observing Session
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National CORS Accuracy

Vertical Precision Using Dual-Frequency
GPS Carrier Phase Observations 95% Confidence Level
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Height Modernization
Bottom line

1. Using GNSS Iis cheaper, easier than leveling

2. To use GNSS we need a good geoid model



In Search of the Geold
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The relationships between the ellipsoid surface (solid red), various geopotential surfaces (dashed
blue), and the geoid (solid blue). The geoid exists approximately at mean sea level (MSL). Not shown
Is the actual surface of the earth, which coincides with MSL but is generally above the geoid.



NOAA’s National Geodetic Survey Positioning America for the Future WWW.NZ5.N03a.20V

The ellipsoid, the geoid, and you

"" Deflection of the vertical

You are here

Earth
surface

Ellipsoid pfleinn
Mean

sea level _ _
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put It IS positive In most of Alaska
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Gravity for the Redefinition of the
American Vertical Datum (GRAV-D)

- 'Fhe GRAV-D Em;%

ﬁi’.“? 5 Gravity for the R%:oﬁ -
w of ﬂ:e.&m&'lcan rtica m

: e | ANOMA gonirbution to th e

ol . _ Global Geodetic Observing System (GGOS) --" f' -

F . f
e T W0 = Fan 4 P

Gravity and Heights are
inseparably connected

Replace the Vertical Datum of the USA
by 2022 (at today’s funding) with a
gravimetric geoid accurate to 1 cm

Orthometric heights accessed via GNSS
accurateto 2 cm

Three thrusts of project:

— Airborne gravity survey of entire
country and its holdings

— Long-term monitoring of geoid
change

— Partnership surveys

Working to launch a collaborative effort
with the USGS for simultaneous
magnetic measurement
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What 1s GRAV-D?

e GRAV-D will mean:

— As the H=0 surface, the geoid will be tracked
over time to keep the datum up to date

— The reliance on passive marks will dwindle
to:
e Secondary access to the datum
 Minimal NGS involvement

— Maintenance/checking in the hands of users

e Use at your own risk



Gravity‘measuréments help answer two big quéstions. ..

How “high above
‘ How large are
sea level’” am 1?

(FEMA, USACE, hydrodynamic processes?

5322’; Surveying and E:CZOJ)S tSurvey, CSC,
apping)
Geoid
-‘
’r‘ Ocean
Surface
Ellipsoid
‘pasy).
From From
GPS Gravity From

Satellite Altimetry
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Gravity Survey Plan

e National Scale Part 1
— Predominantly through airborne gravity
With Absolute Gravity for ties and checks

— Relat\ye Gravity for expanding local regions where
airborNe shows significant mismatch with existing
terrestr
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GRAV-D Goals

v’ 2 cm accuracy orthometric heights -
from GNSS (1 cm) + geoid model (1 cm)
v fast, accurate, consistent orthometric heights -
everywhere in the USA
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GRAV-D Expected Coverage

Puerto Rico
US Virgin Is.

2011 Europa Tec!

Data SI0. NOAA, U'S. Navy. NGAT GEECOS

US Dept of State Gebgrapherdo o =
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Priority- Greatest Datum Need

Alaska
Puerto Rico/US Virgin Islands (PRVI)

Coastal US and Great Lakes
e Great Lakes

e Gulf of Mexico & FL

e Eastern Seaboard

e Western Seaboard

Hawaii and Pacific Islands
Aleutian Islands
Interior CONUS

e Mountainous areas first
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Airborne Gravity Current Coverage

Airborne Gravity Data - Map Key
Green: Available data and metadata
Blue: Data being processed
Orange: Data collection underway
White: Planned for data collection

Canada

w::llll

Ho 267417 -146 818

U‘I'_Ijtﬁl-'-:nmc: . k- AL

I.__—u- 2 M e W i

“Mexico.
Cudsa

= Guaternala

Google

http://www.ngs.noaa.gov/GRAV-D/data products.shtml

W

-.:\-[

WwWww.ngs.noaa.gov

Data Block Status
Complete
Processing

B - i + As of July29, 2018

| artbbaan Se
Nicaragua

Map data ©2018 Gosgle INEG] | Terms of Use


http://www.ngs.noaa.gov/GRAV-D/data_products.shtml
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GRAV-D Aircraft E.

Bureau of Land Management
P|Iatus PC-12

Fugro King Air E-90A

Naval Research Laboratory
King Air RC-12

Aurora Flight Sciences Centaur
Optionally Piloted Aircraft

s ceaa.

NOAA P-3 (background)
NOAA Turbo Commander (foreground) Fugro Cessna Conquest
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Requirements

e Geodetic quality results require accurate aircraft
positions, velocities, and accelerations

e High-altitude, high-speed, long baseline flights for
gravimetry

Gravimeter '~ ™™= Absolute Gravity Tie
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From Measurement to Product

7
v

Airborne Gravity Collection
GPS and Gravity Data Processing

— Kinematic positioning is critical

— NGS-developed software g
More info: l

http://www.ngs.noaa.gov/corbin/class description/GRAVD 0213.shtml

an
(mGal)

Gravity Data Release to Public ] K

Inclusion in Yearly Experimental
Gravimetric Geoid Models, e.g.,

XGEOID178B L

1580w 1540 W 1500 W

- £
gHUUOULUUUUUUIEE 52
833SvdssEEt sy £8



http://www.ngs.noaa.gov/corbin/class_description/GRAVD_0213.shtml
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Problems with Gravity Holdings

20-100 km : :
- gravity gaps  * F1€ld 1s not sampled

along coast uniformly

Terrestrial  Existing Gulf Coast Gravity Holdings
. BT L ST R e P i )--':'_1-.'!’ i gt gy i 'J."'\y" e
gravity
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Problems with Gravity Holdings

All External Crossovers Between All 1755 Surveys in CONUS

mGal

40

20

N = 265370 Min = -64.51
Mean = -0.26 Max = 77.36
SD =422
e ] ‘. : :
-1.0 -0.5 0.0 0.5 1.0

(mGal)

20

%

2.0

(=]

175
1.50
1.25
1.00
0.75
0.50
0.25
0.00
-0.25
-0.50

o -0.75

-1.00
=-1.25
=-1.50
-1.75
=2.00

e Decades of gravity
surveys are
inconsistent with one
another

e Airborne gravity will
provide a baseline for
removing these
inconsistencies
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Validating Geoid Accuracy

“..the gravimetric geoid used in defining
the future vertical datum of the United States
should have an absolute accuracy of 1
centimeter at any place and at any time.”

-- The NGS 10 year plan
(2008-2018)

Admirablel...Achievable?
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Validating Geoid Accuracy

 NGS planed 3 surveys to validate the accuracy
of the gravimetric geoid model

— GSVS11

e 2011; Low/Flat/Simple: Texas; Done; Success!

— GSVS14
e 2014; High/Flat/Complicated: lowa; Field work Complete

— GSVS17/
e 2016 - 2017; High/Rugged/Complicated: Colorado
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Objective of the GSVSs

How do we know that GRAV-D is working?

The Geoid Slope Validation Surveys (GSVSs) use high
precision, high resolution (~1.5km spacing), ground-based
survey techniques to determine the shape of the geoid
consistently along a large (~300km) distance.

This allows for the direct comparison of the geoid shape
predicted by various, gravity-based geoid models.

This also allows for a quantification of the airborne gravity’s
contribution to the improvement of these models.
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Objective of the GSVSs (cont.)

Why compare the shape of the models?

Rather than using “absolute” values of the geoid at specific

locations to compare models, it is actually more useful to look

at the changes in the shape of the geoid over various distance

scales (i.e. looking at the slope between various pairs of survey

points separated by 1, 2, 5, 10, 20, 50, 100, 200 km, etc.) .
Hence the name...

Example of slopes over various distance scales:
Every 1 interval

Every 2 intervals
Every 3 intervals
Every 4 intervals
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Choosing the Place and Time for a

o, Crit&ria; New Survey

— Significantly exceed 100 km

— Under existing GRAV-D data

— Avoid trees and woods

— Along major roads

— Cloud-free nights

— No major bridges along the route
— Low elevations

— Significant geoid slope

— Inexpensive travel costs
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GSVS Survey Techniques

e Survey techniques employed:

 Bechmarks installed ~1.5km
e Leveling
* Absolute/Relative Gravity
e \ertical Gravity Gradient
* Long-session GPS

e Deflection of Vertical | 218 points

February 8, 2017 2017 Geospatial Summit, Silver Spring MD
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Leveling and Gravity

e The entire line was leveled (double-run). Geodetic
provided at each benchmark.

e Leveling and gravity are both needed for orthometric height

determination. Usually gravity is
modeled, but in this case was actually measured at every
point.

— Relative gravity and vertical gravity gradient at every benchmark
— Absolute gravity (A10 and/or FG5) at ~every 7th benchmark

February 8, 2017
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Geodetic Leveling
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Gravity Observations
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Long Period GPS

e (Calibrated, fixed-height antennas, all identical models
e |nTexas 2011:

— 20 complete sets of equipment (2 parties, 10 sets each)
— Each party observed 10 new stations each day

— 20 hours of observation each day

— Project processed with OPUS Projects

February 8, 2017 2017 Geospatial Summit, Silver Spring MD
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Campaign GPS

e Full antenna recalibration check before survey
| ID_| before | after [ a-b | avg |
e Each fixed height tripod height

measured before and after

2.0019 2.0018  -0.0001 2.0018
2.0005 2.0002 -0.0003 2.0004
2.0079 2.0079 0.0000  2.0079
2.0011 2.0010 -0.0001 2.0010
1.9999 1.9998  -0.0001 1.9998
2.0006  2.0009 0.0003 2.0008
2.0016  2.0017 0.0001 2.0017
2.0020  2.0020 0.0000  2.0020
2.0041 2.0041 0.0000  2.0041
2.0003 2.0004 0.0001 2.0003
2.0010 2.0007  -0.0003 2.0008
2.0000  2.0002 0.0002 2.0001
1.9964 1.9963 -0.0001 1.9963
2.0005 2.0005 0.0000  2.0005
2.0003 2.0002 -0.0001 2.0002
2.0024  2.0029 0.0005 2.0027
1.9999 1.9999 0.0000 1.9999
2.0052 2.0052 0.0000  2.0052
2.0026  2.0023 -0.0003 2.0024
2.0031 2.0031 0.0000 2.0031
1.9995 1.9995 0.0000 1.9995

e 20 complete sets of equipment -
2 parties (10 sets each)

 Each party observe 5 new and 5
repeat stations each day

e 30 observation days

2.0002 2.0003 0.0001 2.0003
2.0020  2.0022 0.0002 2.0021
2.0053 2.0053 0.0000  2.0053
2.0016  2.0014 -0.0002 2.0015

* Project processed with OP
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WwWww.ngs.noaa.gov

The “Dimple-ometer”

[ 5
E
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Deflection of the Vertical (DoV)

e Measure the slope of the geoid directly!

e Precision tilt meters provide alignment
“level” to the geoid.

e Celestial almanacs provide predicted
alignment with star field (relative to
ellipsoid).

e The difference between the two vectors
(broken into orthogonal components) are
the Deflections of the Vertical (or “slopes”).

e |nlowa 2014:

— 228 stations (204 official points, 11 redundant
observations, 3 reobservations)

— 31 nights

— 7 stations/night

— Observing with Swiss CODIAC (COmpact Dlgital
Astrometric Camera)
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GSVS11, South Texas

——GSVS11 GPSL

WwWww.ngs.noaa.gov

-26.6

-26.8

§ o —e, * The first survey was performed in

§ o south Texas in 2011

= T RN  Low (close to the geoid) and flat.
h N Disl;?lnce alongiisvsn ;Tr\rey (!-:m'zjl50 39'”

Fig. 11 Geoid profiles along the GSVS11 survey line

44

43 |—EGM200!
42 —xEGM-G

Geoid Height Differences (cm)

|—USGG2009

|—xUsSGG2011

41
40 g
39 |
s ¥ |
37
36
3s
34
33
32

0 20 40 60 80 100 120 140 160 180 200 220 240 260 280 300 320
Distance along GSVS11 Survey (km)

Fig. 12 Differences (cm) between Gravimetric Geoid Models and
GPS/leveling along GSVS11

February 8, 2017

Results were excellent!

"Confirming regional 1 cm differential

geoid accuracy from airborne gravimetry:

the Geoid Slope Validation Survey of

2011", Smith et al., Journal of Geodesy,

2013.

2017 Geospatial Summit, Silver Spring MD
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GSVS 14 lowa

After the success of GSVS11, lowa was chosen for the next test in
2014.

Higher elevation and geologically interesting terrain (traversing the
Midcontinent Rift System).

(Very) similar survey technigues were employed.

Preliminary results again show excellent (<2 cm geoid discrepancy)
agreement and noticeable improvement when airborne data are
included. March 2017: Accepted for publication in Journal of Geodesy

{58} S10rm Lake lee) W 27 (25)
. Aebst o Cedar Falls
Srouz Gity o Fort Oodge LY .r:?i_er lowa Falls + i LJ_lbgq
— — 5 . City — — aWWaterloo
Sauth = e £D) &3 = SR ED)

Hurstwille
& Ames Marshalitown st
. e iy — — Ceda‘-‘h‘ﬁrlnn &
s ® Mt vemar —
27
: P o =
i A o 1
: Ankeny ell L350
* 0 il e Ne\g‘ton — Sevakoohs
= - Altoona-§TF L0 50, =
L : : .
: NPT o Molnes & lows Cit @ Bbttem
e Moines -
29 o pavenhE b
1 gmgnt
U 3 a2 0
: : I . Muscating
i : o = Oskaloosa
7
. Otturmw, Eairfield
@ J @ Mt Pleasant &
=)
gnln ] Bn_rllggto" @
: ] foon
: : i i i i ze
s Eebruaryi8 204 duw 2000 2017 Geospatial Summit, Silver Spring MD W o 11
o 100 200/ 3 4 adison




he éhoseyln Line in 2014\§S

Ottawag¥or

15
'

Vilashin gtun Wa

L X

-1||n|lll|| Boone  sree Marshalltown

il P T I e id
il [ IIIIII!!Ill!ﬂllilll!llluu Cet\yr Rapids

0 1 RS L lf ;
Fan

Central lowa ...,
330 km Anl-ifny NE'-Etcun

Des Moines

205 points sl

lowa City



NOAA’s National Geodetic Survey Positioning America for the Future

B4

Geodetic Leveling

Two crews of 4-5 people/crew
15t order Class |l

749 km

105 crew days

7.1 km/day/crew

WwWww.ngs.noaa.gov
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Gravity Observations

3 1st-order Class |l stations

— Dennison, Ames, Cedar Rapids

A-10 Absolute stations (every 7th station)
Gravity Gradients (every 7t station)

— 2 stations per day, 31 days to observe

Relative Gravity (205 stations)
— 10 per day, 23 days to observe
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DoV

228 stations (204 official points, 11 redundant
observations, 3 reobservations)

31 nights
7 stations/night

Observing with Swiss CODIAC COmpact Dlgital
Astrometric Camera



NOAA’s National Geodetic Survey Positioning America for the Future WWW.NZS.N03aa.gov

GSVS17 Colorado

e The third (and likely final) GSVS will take place along US160, from
Durango to Walsenburg, in southern Colorado.

* High elevation and rugged topography. “Worst case” for geoid modeling.
e Variation from 6,000’ (MSL) to 11,000’, over two passes.

GSVS 1 188\/5
GSVS 109 LGSV

izt ! 4 y i
® . GSVS 07 ¥
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f GSVE 101 1333 3 ;; GSV% 191 GR3VvS19
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GSVS17 Colorado (cont.)

220 benchmark locations (approximately 1 per mile) have been
installed

The survey will take place in overlapping phases beginning May 2017
and is expected to continue through September.

Silver Spring MD
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Differences with GSVS17

 Numerous “extra” bench marks had to be
Installed for leveling accuracy purposes (very
steep terrain in some sections).

e Absolute gravity (A10) and quadratic (3 tier)
gravity gradients measured at all
benchmarks.

e Topographic corrections are being developed
to aid in field DoV quality control as well as
post-survey geoid modeling.
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Conclusions — Problems (I1A)

Flooding (access to marks) in June

One damaged fixed-height tripod

Tall grass, ticks, mosquitoes

Trains, Trains, Trains on Western 1/3™ of line
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B4

Conclusions-Successes (1A)

Over a year of planning and preparation
Two Co-Project Managers (Scientific/Admin)
Single Team-Lead for each activity

Frequent Team meetings (pre-deployment)
Team-Leads wrote the project instructions

Field work was successfully completed on time
and was of high quality
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Accessing the New Vertical Datum

A primary access (NGS mission) Continuously Operating Reference Station

— Users with geodetic quality GNSS receivers
will continue to use OPUS suite of tools

— Ellipsoid heights computed, and then a
gravimetric geoid removed to provide
orthometric heights in the new datum

— ~No passive marks needed

— But, could be used to position a passive
mark

e Secondary access (Use at own risk)

— Passive marks that have been tied to the
new vertical datum

— NGS will provide a “data sharing” service
for these points, but their accuracy (due to
either the quality of the survey or the age of
the data) will not be a responsibility of
NGS
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Accessing the New Vertical Datum

e NAVD 88 conversion to new datum

— A conversion will be provided between
NAVD 88 and the new datum

o Only where recent GNSS ellipsoid heights
exist to provide modern heights in the new
datum
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How will | access the
new vertical datum?

Example 1: Flood insurance survey 1954: Leveling performed
to bench mark
AHouse 1954-1991: Subsidence
BM -
=" 1991: Original 1954

leveling data is used to
compute the NAVD 88
height which is then

published for this BM

— Hgg(published)
Hgg(true)
NAVD 88 zero helght surface

—
I I - Il Il Il S S - Il N Il S S S S S - .

Clearly the true height relative to the NAVD 88
zero surface is not the published NAVD 88 height

Last Updated 30 Nov 2009 (DAS) 145
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How will | access the
new vertical datum?

Example 1: Flood insurance survey

/\HOUSG

Using Existing Techniques:

Find bench mark (if you can)

BM Get publishied NAVD 88 height

Level off of bench mark

No account for subsidence!

AHouse

— Hgg(published)

)
Hgg(true)
NAVD 88 zero helght surface

—
I I - Il Il Il S S - Il N I S S S S S - .

Last Updated 30 Nov 2009 (DAS) 146
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How will I access the
new vertical datum?

Example 1: Flood insurance survey Using Future Techniques:

Find bench mark if you wish, or
set a new one of your choosing

Use GNSS/OPUS to get an
orthometric height in the new datum

Level off of bench mark as needed

House Subsidence is accounted for by CORS
A and a geoid that are monitered
BM constantly!
—
_ _ H(2022?) from GNSS/geoid
NAVD 2022(?) zero height surface = geoid

Last Updated 02 Jan 2015 (DJM)
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Additional Information

&
The NGS 10 year plan (2013-2023)
e NEEP//wWw.geodesy.noaa.gov/INFO/NGS10yearplan.pdf
s [

S

The GRAV-D Project
http://www.geodesy.noaa.gov/GRAV-D

Socio-Economic Benefits Study:

Scoping the Value of CORS and GRAV-D

Socio-Economic Benefits of CORS and GRAV-D
http://www.geodesy.noaa.gov/PUBS_LIB/Socio-EconomicBenefitsof CORSandGRAV-D.pdf

Last Updated 02 Jan 2015 (DJM) 148
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New Datums

Hational Geodetic Survey

January 14, 2015
Replacing NAVD 88 and NAD 83
MAD 83 and MAWVD 88 wil be replaced in 2022, and thers are many related projects to make sure the
transition goes smoothly. Read the NGS Ten-Year Plan to l=arn more and continue to visit this web-page
for more information.

More resources
eodetic
- rt.’hr_ F

See n'trr;f

videos!

Related projects and programs

Gravity for the Redefinition of the American Vertical Datum or "GRAV-D" is NG ambitious
enterprize to re-define the vertical datum of the United States by the year 2022, In the first stage of the
project, NGS will collect a high-resclution “snapshot”™ of gravity in the United States by acquiring new
airborne gravity data. Then, NGS wil create a low-resolution "movie” of gravity changes primarily through
terrestrial gravity observations. Visit the webpage to learn more.

Foundation CORS: To support future reguirements and prepare for the transition to the new datums,
MGS is constructing a small number of ultra-stable Foundation CORS (Continuously Operating Refererence
Stations). NGS expects to establish one to two new Foundation CORS per year and will oversee the -
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Predicted Positional Changes in 2022
Vicinity of New Britain,CT

(Computed for station W 91, pid LX3162)

HORIZONTAL = 1.20 m (3.9 ft)
ELLIPSOID HEIGHT =-1.23 m (- 4.0 ft)
Predicted with HTDP

ORTHOMETRIC HEIGHT =-0.32 m (- 1.1 ft)
Predicted with HTDP and xGEOID16B

HTDP
“Coping with Tectonic Motion”
R. Snay & C. Pearson
American Surveyor Magazine, December 2010
www.Ameriserv.com


http://www.amerisurv.com/PDF/TheAmericanSurveyor_SnayPearson-CopingWithTectonicMotion_Vol7No9.pdf
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metadata to the rescue

geodesy.noaa.gov

 your positional metadata should include:
— datum

— epoch
— source

o these will facilitate transforming from current
to new datum

e maintaining your original survey data will
provide more accurate results
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What’s Next for Geodetic Datums?

Youl L[ =- Q
_ An Introduction to Geodetic Datums

GBOdEtlc What's Next for

| Dﬂt“ms Geodetic Datums?
H I " Ll % 2 3 Hw“ﬁ—‘ﬂ-‘ Geodetic Datums Established?

h—l * — - g s at Is the Status of Today's Geodetic
. 3 S 57
[3

See nur
1 videos! Lf T Rt

1. What Are Geodetic Datums?

https://www.youtube.com/playlist?list=PLsyD|l agUTdFY6eKURMICBBk-mP4R10Dx



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

Point of Interest

Ellipsoid height,

Orthometric height, If

.

Frames for the Future

New Datum Definitions for Modernization of
the U.S. National Spatial Reference System

Replacing NAVD 88—The Role of Geoid Models (Part 2 of 4)

Background

Assuming fnding allows the planned schadula, 2 new grovity
propotental-besed vertical damim e replace AV 88 could
bee: defimed and uanﬂuﬁradnp.nd.'h}- Imz[m&m:ilngﬂ:_r
this date sormewhee tenmve). This deom will reference a pondy
gravimetsic geoid model, moer den a hybod geoid modd.

bike GEOITHE and & procursors (dhis difference is discussed
Iater). Like MAVT) 88, the heights will be arhomermc heights
b, uniike NANTD 88, leveling dar and ocher da an passive
matks (much as graviy cheervasions) will noc be the pranary
obesrvatoml dhio se usad o define the danem. In B, the role
of leveling in defining the new damm has non e been fulky
detenmined (Smich, 2011). The rdasionstsp beoween onthometric
hesight, llipsnid height, and geoid height is shown in Figure 6.

Soicly spesking, the reader should noee dhes NAVID) 88 & no
determined when NAVID B8 was first definesd, wers gropo-
mesurements) For MAVT) 88, a spacific approodmasion w
u'u:adnmctuwmmm Hdmmunhcln:m:
bezights™ were i frexn the g - amd
d\zNﬁ"-‘DBﬂn.n'ﬁmgqumnd.dld}mmchsgnwn
also oompuresd from the geopotential members, 2nd requirsd no
surface gravity). Aldhough NAVI) BE is based on geoposersial
mnd:usnhdianmmmbemedmmpmmhﬂ'qpﬂ
of heights (such as dynamic heighs), & is common o sqme
NAVD 88 with onhomemic heigius, and duu grpical usage will
b fllerwesed fior the remaincer of dhis paper
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