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NOAA’s National Geodetic Survey

Work Shop Outline

e Gravimetric Geoid Development

— 60 minute presentation

— 30 minute break and Q&A period
e Hybrid Geoid Development

— 60 minute presentation

— 30 minute break and Q&A period
e Summary and Outlook

— 30 minute presentation
— 30 minute break and Q&A period
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NOAA’s National Geodetic Survey

Hybrid Geoid Development

 Background

 Hybrid Geoid Methodology

e NRA 2007 versus NAD 83 (NSRS2007)
e GPS on BM

* The Beta GEOID0O9 Model

* Final GEOIDO9S
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NOAA’s National Geodetic Survey

Background

 Hybrid geoid height models (GEOIDxx) are
most useful for direct conversion between
NAD 83 and NAVD 88

 They are developed from an underlying
gravimetric geoid height model and GPSBM’s

e The GPSBM'’s represent the current ellipsoidal
and orthometric heights in the NGSIDB

e As the values in the NGSIDB are updated, so
must the geoid height models
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Hybrid Geoid Height Models (e.g., GEOID09), Gravimetric Geoid Height Models (e.g.,
USGG2009) and Conversion Surfaces using GPS on BM data

Hybrid Geoid
-0.737 M in
Salt Lake —
2009 model

/ I

e  Gravimetric Geoid
e Hybrid Geoid
. Conversion Surface



Presenter
Presentation Notes
Salt Lake City North   ZLC A   AA3680   40 47 06.80308 (N) 111 57 09.07339 (W)

GEOID09:  -16.943 +  -0.717 - -16.923 = -0.737
GEOID03: -16.958 +  -0.717 - -17.266 = -0.409


NOAA’s National Geodetic Survey

NRA2007 Development Timeline

e NRA2007 was processed and the NAD 83
(NSRS2007) reference frame developed

o After NRA2007 started, any projects were
adjusted into older HARN’s (group A)

e Then the NRA2007 values posted in NAD 83
(NSRS2007) with height errors (group B)

e Subsequent projects were adjusted into NAD
83 (NSRS2007) without errors (group C)
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NOAA’s National Geodetic Survey

Vertical Shift due the National Readjustment of 2007
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Presenter
Presentation Notes
These shifts in ellipsoidal heights translate directly into changes in GPSBM derived spot geoid heights
This has rapidly made the GEOID03 model obsolete


NOAA’s National Geodetic Survey

Consequences for Extracting
GPSBM2009

A delay has been instituted in development of the final
GEOID09 models (around April/May)

e This permits readjustment of projects adjusted to the
HARN'’s (i.e., group A) and adjustment of projects in the
pipeline

e |t also permits continued (spirited) debate on what data
should or should not be included

e Current guidance is posted on website

e Essentially test new data against Beta-GEOIDQ9, which was
developed using groups B & C

e Models will be created wherever a local vertical datum has
been established (NAVD 88, PRVD 02, GUVD 04, NMVD 03,
and ASVD 04)
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Presenter
Presentation Notes
Colored dots represent the magnitude of residuals of the group A data
Black dots show the distribution of the Beta-GPSBM2009
Note that the ellipsoidal height errors determined as a part of the NRA2007 were instrumental in removing the worst GPSBM’s
Note that are only 13000 or so points here – and only about 300 were rejected (besides the group A points)
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GPSBM2007: 18,609 total 579 Canada STDEV 5.8 cm (2 o)


Presenter
Presentation Notes
By way of comparison, here is the previous set of GPSBM points
Note that we went from about 18000 before the NRA2007 to about 13000 after it
The loss of about of a third of the points occurred as a result of dropping older, more suspect ellipsoidal data
Losing the ellipsoidal height, necessarily meant dropping the points as a GPSBM since there was no longer a GPS in it 
These are the control data used to make xGEOID06a, GEOID03 and GEOID99 (GPS on bench marks: GPSBM’s).
Improvements in Distribution are primarily due to obtaining data in Canada.
The bulk of the increase comes in one state: Minnesota (603 => 4161).
Note the inequitable distribution.
You could practically grid the GPSBM’s in South Carolina or Minnesota and get a good result.
Other places are not so fortunate…
Also note that this shows distribution but not quality of the points. 
Some regions (e.g., Texas) have systematic quality problems (due to subsidence) that impact the GPSBM’s and the derived hybrid geoids.
Current techniques rely on creating models of the systematic effects at multiple wavelengths. If the spatial density doesn’t support the shorter wavelength models, then the quality of predictions will commensurately be reduced.
Note that a hyper-dense survey isn’t necessary to achieve optimal results. Later discussion on Minnesota will emphasize this.



NOAA’s National Geodetic Survey

Comparison Between GPSBM2009,
USGG2009, and GEOIDO9S

G, CM G, CM
Pts Ave. SD Ave. SD Pts SD Ave. SD
1.3 -40.0 5.5 0.1 2.3 119 0.6 -75 8 4.4 -0.1 0.8
AZ 153 0.8 -62.0 7.4 0.0 1.6 NV 64 1.0 -82.8 8.0 0.1 1.4
AR 58 1.2 -49.2 3.2 0.0 0.8 NH 13 15 -41.6 2.9 -0.2 1.3
CA 557 27 -83.2 12.2 0.0 2.3 NJ 198 04 -429 2.7 0.0 1.1
(6{0) 459 1.1 -69.2 8.1 0.0 2.8 NM 89 1.0 -51.3 8.9 0.0 1.4
CT 8 1.7 -41.3 4.0 -0.1 1.6 NY 105 1.2 -46.4 6.9 0.0 1.4
DE 20 25 -40.3 4.2 0.2 2.5 NC 1231 0.8 -35.8 5.2 0.0 1.7
DC 16 0.6 -44.6 2.0 -0.2 2.0 ND 41 0.7 -97.7 3.4 0.2 0.8
FL 1413 1.6 -5.8 1.7 0.0 15 OH 191 14 -604 5.0 0.0 2.0
GA 95 1.2 -339 6.4 0.0 1.0 OK 71 14 -51.8 5.4 0.0 1.0
ID 87 1.4 -101.7 7.9 0.0 15 OR 163 0.9 -108.7 8.5 0.0 1.4
IL 266 1.1 -68.7 8.3 0.1 1.2 PA 80 0.7 -49.8 4.1 0.0 1.1
IN 113 1.1 -60.7 6.3 -0.1 2.0 RI 15 09 -429 1.7 0.0 1.4
1A 73 1.0 -774 4.9 0.0 0.8 SC 663 1.0 -38.1 6.2 0.0 1.1
KS 94 1.0 -65.9 5.3 0.0 1.2 SD 172 1.1 -84.7 5.9 0.1 0.9
KY 97 1.6 -50.2 4.1 -0.1 1.7 TN 248 1.1 -49.9 3.7 0.0 1.9
LA 343 1.0 -22.2 8.9 0.0 0.6 X 188 14 -36.8 8.1 0.0 2.4
ME 57 0.9 -39.8 4.6 0.0 0.9 uT 37 0.8 -79.8 9.1 0.1 2.1
MD 186 0.8 -43.2 2.9 0.0 1.9 VT 279 1.0 -421 4.3 0.0 1.3
MA 30 1.1 -40.7 3.5 0.0 1.1 VA 190 1.0 -41.6 4.5 0.0 1.8
199 20 -645 7.2 0.1 1.7 WA 183 1.3 -116.4 8.2 0.0 1.9
2943 04 -87.3 3.6 0.0 1.0 WAV 41 1.2 -51.3 4.8 0.1 1.9
104 1.7 -448 4.3 0.0 1.6 Wi 551 0.3 -73.3 3.4 0.0 0.7
96 0.9 -58.7 5.3 0.0 1.1 89 22 -84.1 9.3 0.0 2.6
150 2.2 -101.3 8.7 0.0 1.7 12961 1.2 -585 6.3 0.0 15
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Presenter
Presentation Notes
The sigma_h column denotes the state-by-state magnitude of the all ellipsoidal errors
This reduces the impact of states with robust programs on others states


NOAA’s National Geodetic Survey

Conversion Surface for Beta-GEOIDQ9

Vertical Datum Differences Between USGG09 & NAVD88

N = 8574241 Min =-0.32
Mean = 0.52 Max = 1.31
SD=0.

20 FEB 2009 Salt Lake City, UT ACSM-MARLS-UCLS-WFPS Conference 2009 13




NOAA’s National Geodetic Survey

GEOIDO9 (Beta)

GEOIDQ9_Beta_Version

2807

N = 8574241 Min = -50.68
Mean = -29.90 Max = 3.52
5D =993
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NOAA’s National Geodetic Survey

GEOID09-GEOIDO3 Differences

N = 8574241 Min =-2.30
Mean = 0.03 Max = 1.73
SD=0.17
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NOAA’s National Geodetic Survey

Alaska

Geoid09 for Alaska Grends for Alaska

N=5138701 | in==21. N= 513870 Min =-0.81

Mean =2.81 : mnF 060 Max=2.03
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NOAA’s National Geodetic Survey

American Samoa

GEOID09 for American Samoa Grends for American Samoa
] . ———————1] —————— 1

N= 130321 Min = 14.37
Mean = 26.6 Max = 49.88
SD=
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NOAA’s National Geodetic Survey

Guam and the CNMI

GEOIDO09 for Guam and NMI N Grends for Guam NMI

3 145° 146°
N= 76201 Min =-=1.60
Mean = 48.68 . Mean = -0.79 Max = 0.03
SD =596 sSD=0.35
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NOAA’s National Geodetic Survey

Hawaii and Puerto Rico/USV!I

GEOID09 for Hawaii ) Geoid09 for Puerto Rico and the VI

o199 200° 201° 202"
N= 151981 Min = -2.63

Mean =5.72 Max = 27.69
SD= 5
: 202" L 208" 2046

: 0 : N= 108661 Min = -68.67

Max = -29.44
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Presenter
Presentation Notes
No GPSBM/vertical Datum on Hawaii
29 stations on PR and 1 on St. Thomas used to remove a bias


NOAA’s National Geodetic Survey

Final GEOID0O9 Models

e About April, the group A (adjusted to HARN’s)
should be readjusted into NAD 83 (NSRS2007)

 Error estimates should be available for all data

* Inputs will have been received for addition
and deletions to the Beta-GPSBM2009 set

* A separate file will be posted on the website
showing the current, and eventually final, data

 Models for all regions should be done in May
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NOAA’s National Geodetic Survey

Special Note Regarding Puerto Rico
and the U.S. Virgin Islands

e Originally, a new gravimetric geoid based
vertical datum was planned for the USVI

* However, a decision was recently made to adopt
a Virgin Islands Vertical Datum 2009 (VIVID09)

e VIVDO9 will be based on the TBM'’s

 Hence, no delay is expected in the production of
final models for PR/VI

* Airborne data as a part of GRAV-D will be used
to assess the quality of the datum after the fact
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NOAA’s National Geodetic Survey

Summary for GEOIDO9

e Significant changes result from underlying gravimetric
geoid (USGG2009) and GPSBM'’s

* New regions have been added tied to their respective
vertical datums

e Largely the same techniques have been used (MMLSC)

e This last includes multiple correlation lengths to
preclude the loss of fidelity that happened from
GEOID99 and GEOIDO3 in select western states

e Use of the ellipsoid height errors are instrumental in
guantifying the model development

* |nthe future, they will be necessary for potential error
propagation

 Models should be available for production in May
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