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Datums - Horizontal
Horizontal
North American Datum Of 1927

- Used early triangulation surveys (first called US Std Datum).y g y ( )
- Based at Meades Ranch, KS & used Clarke 1866 spheroid.

North American Datum of 1983
- Used 250,000 points (triangulation, Doppler, a few GPS pts).
- Based at geocentric location using Geodetic Ref. Sys. 1980.

*Updates*

NAD83 (1990’s) – State HARN / FBN surveys.

NAD83 (late 90’s – early 2000’s) – Efforts to establish ellipsoid heights.

NAD83 (2007) – Remove regional distortions, better with align CORS.

NAD83 (2011) – Adjustment to realign CORS / passive control.

* Not a new datums





National Spatial Reference System 
(NSRS) Improvements over time

NETWORK TIME NETWORK LOCAL SHIFT

(NSRS) Improvements over time

NETWORK TIME NETWORK LOCAL SHIFT
SPAN ACCURACY ACCURACY

NAD 27 1927 1986 10 t (1 100 000) 10 200NAD 27 1927-1986 10 meters (1:100,000) 10-200 m

NAD83(86) 1986-1990 1 meter (1:100,000) 0.3-1.0 m

NAD83(199x)* 1990-2007 0.1 meter (1:1 million) 0.05 m
“HARN”, “FBN” (1:10 million)

NAD83(NSRS2007)  2007-2011 0.01 meter 0.01 meter 0.03 m

NAD83(NSRS2011) 2011 0 01 t 0 01 t 0 01NAD83(NSRS2011)  2011 0.01 meter 0.01 meter 0.01 m





Why Replace NAD83?

• NAD83 is NON-geocentric & hence inconsistent w/GNSS • NAD83 is NON geocentric & hence inconsistent w/GNSS 

• Difficult to maintain consistency between CORS & passive 

t k   networks  

• NAD 83 does not track/report passive mark motion

• Lack of monumentation stability / permanency

• Necessary for agreement with future ubiquitous positioning 

capability



Datums - Vertical
National Geodetic Vertical Datum of 1929

- Based on heights at 26 tide stations along US & Canadian coast.
- Used 75,000 Km (US) & 30,000 Km (Can.) of leveling data.Used 75,000 Km (US) & 30,000 Km (Can.) of leveling data.
- Adjustment constrained to the 26 tide stations.
- Based at geocentric location using Geodetic Ref. Sys. 1980.

North American Vertical Datum of 1988
- Approx. 650,000 Km of new leveling since NGVD 1929.
- Based on (constrained to) agreed upon mark in Great Lakes Region 

(Father’s Point).
- Greatly improved vertical accuracy over NGVD 1929 datum.
- Defined only on the conterminous North American continentDefined only on the conterminous North American continent
- Does not (and cannot) exist for any place you can’t level to from Father 

Point, such as:
• Guam, American Samoa, Hawaii, Puerto Rico, American Virgin Islands, , , , , g ,

Commonwealth of the Northern Marianas, Aleutian Islands





VERTICAL CONTROL USED FOR NGVD 1929 DATUM



NORTH AMERICAL VERTICAL DATUM 1988 (NAVD88)



Problems with NAVD 88
• NAVD 88 relies upon bench marks that:

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

– Are almost never re-checked for movement
– Are affected by freeze / thaw, subsidence, uplift, etc.y , , p ,
– Are not necessarily in convenient places
– Cross-country error build up

NAVD 88 suffers from a zero height surface that:
H b b 50 bi d f h l b id– 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

12

Has been proven to be  1 meter tilted across CONUS (again, 
based on the independently computed geoid from the GRACE 
satellite)





NEW National Geodetic Survey Ten‐Year Plan

 By 2022, reduce all definitional & 
access‐related errors in geometricaccess related errors in geometric 
reference frame to 1 cm when using 
15 min of GNSS data
“Replace NAD83”

 By 2022, reduce all definitional & 
access‐related errors in orthometric 
heights in geopotential referenceheights in geopotential reference 
frame to 2 cm when using 15 min of 
GNSS data
“Replace NAVD88”



Future Geometric (3‐D) Datum 

• replace NAD83 with new geometric datum – by 2022

• CORS‐based, accessed via GNSS observations

• coordinates & velocities in ITRF & official US datum & relationship

• (NAD83 replacement: plate fixed or “ITRF like”?)• (NAD83 replacement:  plate‐fixed or  ITRF‐like ?)

• passive control tied to new datum; not a component of new datump p

• address user needs of datum coordinate constancy vs. accuracy



Future Geopotential (Vertical) Datum 

• By 2022 replace NAVD88• By 2022 replace NAVD88 

• Would be most accurate continental gravimetric geoid 

model to date ‐ 1 cm accuracy

• Determine orthometric heights through GNSS & 

gravimetric geoid – 2 cm accuracy anywhere in N.A.g g y y

• Monitor time‐varying nature of gravity field



New geometric datum minus NAD 83 g
(horizontal)



New geometric datum minus NAD 83 g
(ellipsoid height)





What is GRAV-D? 

• Official NGS policy as of Nov 14, 
2007 as part of 10 yr plan 2008-182007 as part of 10 yr plan 2008 18
– Estimated $38.5M over 10 

years
• Three thrusts of project:Three thrusts of project:

– Airborne survey “snapshot”
– Long-term monitoring of geoid 

changechange
– Partnership surveys

• Re-define the Vertical Datum of 
the USA by 2022 (given fundingthe USA by 2022 (given funding 
levels)

G it d H i ht
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Gravity and Heights are
inseparably connected



Building a Gravity Field
GRACE Satellite

Long Wavelengths:
(≥ 350 km)

GRACE Satellite

(≥ 350 km)

Intermediate Wavelengths
Airborne Measurement

Intermediate Wavelengths
(500 km to 20 km)

Surface Measurement
Short Wavelengths
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Short Wavelengths
(< 200 km)



• 10 km spaced data lines
• 70 km spaced cross lines
• 20,000 ft altitude

k fl h d

GRAV-D Status
• 230 kt flight speed
• 25% of US complete

2013 flown
2014 planned

Green = FY11 and earlier
Orange = FY12
White = FY13
Blue = FY14 Plan
Filled white = Underway
Filled red = IncompleteFilled red   Incomplete



Geoid Slope Validation Survey – 2011 (GSVS11)

Austin • Observe geoid shape (slope) 
using multiple independent 
terrestrial survey methods

l– GPS + Leveling
– Deflections of the Vertical

325 km
218 points
1.5 km apart

• Compare observed slopes (from 
terrestrial surveys) to modeled
l (f i

Rockport

slopes (from gravimetry or 
satellites)

With / Without new GRAV D– With / Without new GRAV‐D 
airborne gravity



GSVS – 2011  (Texas)
DoV

GPS
LIDAR / Imagery

L li

Gravity

Leveling



Geoids 
without 
GRAV D

GSVS11 Results

3

3.5 Predicted Errors of various geoid models over GSVS11 
after removal of GPS/Leveling error budget
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GSVS – 2014  (Iowa)

Denison, IA  

Cedar Rapids, IA  

 Minimal Trees (GPS)
 No major bridges/water crossings (Leveling)
 Along roads (ease of access)

M tl l d f i ht Mostly cloud‐free nights
 Under GRAV‐D coverage (or will be)
 With at least some existent bench marks/NAVD 88 level lines
 A "significant enough" geoid slope to be interestingg g g p g
 For GSVS11, we wanted "low and flat" topography. For GSVS14 we'll want to step this up 

to "high and flat" or possibly "medium high, more‐or‐less flat and gravimetrically 
complex"



How to Plan for 2022

M NAD 83(2011) h 2010 00• Move to NAD 83(2011) epoch 2010.00
– NADCON and new conversion tools (GEOCON & 
GEOCON11)GEOCON11)

• Move to NAVD 88 
– understand the accuracy of VERTCON in your area

• Move from reliance on passive marks to GNSS• Move from reliance on passive marks to GNSS
– utilize CORS, OPUS, regional real‐time infrastructure, 
etcetc. 

• Use OPUS for GPSBMs 
– improve next  geoid model & relationship with new 
datum



Online Positioning User Service (OPUS)

• upload L1/L2 GPS data    

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

• OPUS‐S (Static) ‐‐‐‐ 2 to 48 hr (anywhere)

• solution via email ‐‐‐‐ in minutes 

• optional sharing (formerly “publishing”)
>>>  fast, easy 

p g ( y p g )

• OPUS‐Projects
NSRS access



Online Positioning User Service (OPUS)

•>15 min of L1/L2 GPS data >>> geodesy noaa gov/OPUS/•>15 min of L1/L2 GPS data >>> geodesy.noaa.gov/OPUS/

•Processed automatically on NGS computers, tied to CORS

•Solution via email - in minutesSolution via email in minutes

Fast, easy, consistent access to NSRS



OPUS Solution Report



OPUS – Sharing
(aka OPUS-DB)

Sharing Criteria:

•NGS-calibrated GPS antenna NGS calibrated GPS antenna 

•> 4 hour data span (OPUS-S)

> 70% observations used •> 70% observations used 

•> 70% fixed ambiguities 

•< 0.04m H / 0.08m V peak-to-peak

Applications:

 GPS on BMs (geoid modeling)

 PLSS / GCDB

 Data-sharing/archive



OPUS-projects: 
first, submit data through OPUS with project IDfirst, submit data through OPUS with project ID

OPUS automatically forms sessions from simultaneously 
observed marks enabling multi baseline processing andobserved marks, enabling multi-baseline processing and 
adjustment of redundant observations.

Improved solutions for simultaneous or 
repeated observations simple data quality analysis

iharvest data from multiple observers
share upload & processing tasks
customize your processing using PAGES

improve survey accuracy
constrain to local networks
publishing support (limited)



2013‐08‐07 33Step 1 : Creating a Project



?? Questions ????  Questions  ??

Denis Riordan, National Geodetic Survey
Advisor to Mississippi
denis.riordan@noaa.gov

(601) 359 5357(601) 359‐5357


