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Significant dates
 15-19 March 2010 is Spring Break
 4 March 2010 is Exam Two

 Emphasizing chapters 5, 6 and 8 of text as well as 
all lectures and labs.  

 Remember to start on the Article Review 
Assignment!

 Web reference for today’s lecture: 
 http://www.ngs.noaa.gov/PUBS_LIBTRNOS88NGS19.pdf
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Assigned outside reading
 Articles covering the two tools listed below.  

Material shall appear on the next exam.
 NADCON - North American Datum Conversion
 VERTCON - Vertical Datum Conversion

 http://www.ngs.noaa.gov/TOOLS/Professional_Surveyor_Articles/
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Geodetic Datums 
 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 in (1), 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.
 From NGS Geodetic Glossary (a link to this 

document is on the class web page).
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Horizontal, Vertical and 3-D Datums
 Before GPS work horizontal and vertical 

datums were accomplished and maintained 
separately.

 Horizontal surveys provided a framework of 
latitudes and longitudes attached to a reference 
ellipsoid.

 Vertical surveys provided a framework of 
heights with respect to a height reference.

 GPS changed the way geodesy works.
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Horizontal networks

• North American Datum of 1927 (NAD 27)
– Official datum until 1986
– Based on the Clarke Spheroid of 1866 ellipsoid.

• North American Datum of 1983 (NAD 83)
– Modified a number of times.
– First version NAD 83 (1986) did NOT include 

GPS
– Uses Geodetic Reference System of 1980 

(GRS 80) reference ellipsoid.
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Horizontal Datums Used in the 
United States

 BESSEL 1841 --------------    LOCAL ASTRO DATUMS (1816-1879)
                                                 NEW ENGLAND DATUM (1879-1901)
                                                U.S. STANDARD DATUM (1901-1913)
                                                 NORTH AMERICAN DATUM (1913-1927)
                                                NORTH AMERICAN DATUM OF 1927
                                       OLD  HAWAIIAN DATUM
  CLARKE 1866       PUERTO RICO DATUM
                                                 ST. GEORGE ISLAND - ALASKA
                                                 ST. LAWRENCE ISLAND - ALASKA
                                                 ST. PAUL ISLAND - ALASKA
                                                 AMERICAN SAMOA 1962
                                                 GUAM 1963

  GRS80 -----------    NORTH AMERICAN DATUM OF 1983
                                                    (As of June 14, 1989)

Thursday, February 25, 2010



NAD 27 Characteristics
• Consisted of about 25,000 horizontal control 

stations.
• It is an adjustment of a network, US Standard 

Datum, that had been expanded in piecemeal 
fashion from a much smaller network.

• Triangulation station MEADES RANCH was 
chosen as initial point with azimuth to station 
WALDO .

– Its position was fixed to its astronomic latitude 
and longitude.  Therefore the geoid was 
coincident with the point.
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COMPARISON OF DATUM ELEMENTS

                                                        NAD 27                    NAD 83
 ELLIPSOID          CLARKE 1866                                            GRS80

               a = 6,378,206.4 m                               a = 6,378,137. M
            1/f = 294.9786982                               1/f = 298.257222101

 DATUM POINT                    Triangulation Station                                       NONE
     MEADES RANCH, KANSAS               EARTH MASS CENTER

 ADJUSTMENT                             25k STATIONS                  250k STATIONS
        Several Hundred Base Lines             Appox. 30k EDMI Base Lines
        Several Hundred Astro Azimuths               5k Astro Azimuths
                                                                      Doppler Point Positions
                                                                             VLBI Vectors

 BEST FITTING                             North America                                      World-Wide

Thursday, February 25, 2010



NAD 27
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NAD 27 a regional datum
• Regional datum must include these elements:

– Semi-major axis 
– Semi-minor axis
– Deflection of vertical in meridian and in the 

vertical at the initial point
– Geodetic azimuth from initial point 
– The ellipsoid minor axis and earth's rotation axis 

must be parallel. 
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Deflection of the vertical
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Additional details

•    Choice of MEADES RANCH based on an 
analysis of the minimization of sum of squares 
of differences between astronomic and 
geodetic azimuths.

•    Clarke 1966 reference ellipsoid was oriented 
through use of Laplace stations.

– They are points where astronomic latitude, 
longitude and azimuth are known.  

– Deflections and geoid height at initial point were 
intended to be zero.
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Pre-GPS Surveying
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NAD 27 network
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NAD 27 deficiencies
• Despite intent, the components of the 

deflection of the vertical at MEADES RANCH 
were not zero.

– Initial assumptions about initial point  map to 
network.

– As network attached to initial point deflections 
are relative (NOT GLOBAL).

• Adjustment was NOT simultaneous least 
squares.

• No geoid model.
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More problems ...

• NAD 27 designed to provide relative precision 
of  1:25,000.

– Insufficient number of baselines
• Work after 1927 was attached to the existing 

network.
• New work was better than the network could 

support.
Degradation of results when constraining to NAD 27 control points.   
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• Deflections are used to relate the orientation 
of a locally-leveled instrument to a spatial 
reference system.  

– Used to correct zenith distance (vertical angle) 
measurements, and to convert between 
astronomic and ellipsoidal azimuths (the 
Laplace correction). 

• Both N-S (Meridian component), "Xi" and E-W 
components (Prime Vertical component,"Eta")

• Xi and Eta are the differences between 
astronomic and geodetic latitude/longitude 
respectively. 
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BC-4 Camera Program
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BC-4 camera photograph 
stars in circular pattern

satellite is a series of dots in straight line. 
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BC-4 camera photograph 
stars in circular pattern

satellite is a series of dots in straight line. 
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What is to be done?
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NGS NAD83 Adjustment Team

Thursday, February 25, 2010



Versions of NAD 83

• First implementation labeled NAD 83 (1986).
• Deficiencies in this version were discovered 

resulting in a state-by-state campaign to 
provide more accurate networks.  

– High Accuracy Reference Network (HARN)
– NAD 83 (####) tag given to HARN project 

adjustment (NOT a new datum)
•    Subsequent campaign to re-observe 

networks to generate good ellipsoid heights.
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NAD 27 and NAD 83NAD 27 and NAD 83
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Results of NAD83(86)

• Network Accuracy  -  1 Meter

• Local Accuracy – First-Order 
             (1 part in 100,000)
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NAD 83(86) NETWORK PROBLEMS

Not “GPSABLE”

POOR STATION ACCESSIBILITY

IRREGULARLY SPACED

POSITIONAL ACCURACY
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HIGH PRECISION GPS NETWORKS

“GPSABLE”
Clear Horizons for Satellite Signal Acquisition

EASY ACCESSIBILITY
Few Special Vehicle or Property Entrance 

Requirements

REGULARLY SPACED
Always within 20-100 Km

HIGH HORIZONTAL ACCURACY
A-Order (5 mm + 1:10,000,000)
B-Order (8mm + 1:1,000,000)
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HARN/HPGN ADJUSTMENT

A-Order Adjusted to VLBI-Existing FBN-CORS

B-Order Adjusted to A-Order

Existing Horizontal (Conventional & GPS) 
Readjusted to A/B-Order

New Adjustment Date Tag e.g. NAD83(1991.35)
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HIGH ACCURACY REFERENCE NETWORK
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GPS & CLASSICAL ADJUSTMENTS COMPLETED
GPS ADJUSTMENT COMPLETED
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http://www.ngs.noaa.gov/PROJECTS/FBN/
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http://www.ngs.noaa.gov/PROJECTS/FBN/
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Old Datasheet format
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Difference is:

DN =  -0.644 (m)

DE = +0.712 (m)

DU =   1.195 (m)
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IMPROVING POSITIONAL ACCURACY

   TIME  NETWORK  LOCAL
NETWORK SPAN  ACCURACY  ACCURACY

NAD 27  1927-1986 10 METERS  (1 part in 100,000)

NAD83(86) 1986-1990 1 METER  (1 part in 100,000)

HARN  1990-1997 0.1 METER           B-order (1.0 ppm)
                                 A-order (0.1 ppm)

CORS  1996 -  0.01 meter  0.01 meter

Thursday, February 25, 2010



Reasons for Readjustment of 
NAD 83(HARN)

• Multiple epoch dates
• Inconsistencies between states
• Need to be Consistent with CORS
• Compute Network and Local accuracies

September 24, 2003 NGS Executive Steering Committee 
approved a plan for the readjustment of the 
horizontal positions and ellipsoid heights for GPS 
stations in the contiguous United States.
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NGS Adjustment Team (1986)
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NGS Adjustment Team (1986)NGS Adjustment Team (2005)
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NGS Adjustment Team (1986)NGS Adjustment Team (2005)
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What about Orthometric Heights?

 Decision was made not to perform a National Readjustment 
of orthometric heights at this time
 Control = NAVD 88 not the CORS
 Since no change in control most orthometric elevations 

would not change significantly
 Network & Local Accuracy numbers for the orthometric 

heights would be the primary reason for readjustment
 Would require relevant network accuracies for the NAVD 

88 network-This would require a complete analysis of 
the NAVD 88 network
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Heights

h – H – N = 0 + errors in components
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Geoid Modeling Issues

• The new ellipsoid heights will be used in the next 
hybrid geoid model.

• Future efforts will center on improvements to our 
gravity data.

• NGS has acquired an airborne gravity meter.
• We plan a comprehensive set of observations to 

capture gravity throughout the United States and our 
possessions.

• Airborne gravity data supplements terrestrial and 
satellite based gravity. 
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NAD 83 READJUSTMENT

ONLY GPS DATA WAS USED

CONTINUOUSLY OPERATING REFERENCE 
STATIONS (started in 1994)

FEDERAL BASE NETWORK (A & B)
COOPERATIVE BASE NETWORK (B)

USER DENSIFICATION NETWORK (First)
AIRPORT SURVEYS (B & First)
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Project Adjustment Analysis

 3375 Projects complete
 Free Adjustment
 Residual Plot 
 Outliers Rejected
 Connectivity to A/B Order Network Verified
 Summary sheet with Project Information Created
 69117 stations
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TRASH

Projects Not Recommended for Inclusion
 Currently 149 Projects with 9903 stations

Many Third Order FAA Projects from 1980’s
Some Projects that have no ties to the Network
Original TN HARN (Macrometer Data in 1990) 
Original Eastern Strain Network Project
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Macrometer GPS receiver and antenna

http://www.scg.ulaval.ca/gps-rs/images/GNSS/1982-Macrometer.jpg
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Texas Projects eliminated

• 17407
• GPS078
• GPS088
• GPS1138
• GPS1170/4
• GPS146
• GPS158
• GPS288
• GPS304
• GPS407

GPS482
GPS577
GPS577/D
GPS582
GPS584
GPS586
GPS849/193
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Points in rejected projects.
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The National Readjustment General 
Comments

 The CORS/CGPS sites were the control
 Only GPS projects participated
 The FBN/CBN Surveys are a key element since these are 

high accuracy (2 cm) surveys that tie the HARN to the CORS 
throughout the contiguous United States and provide more 
accurate values for the ellipsoid heights of most HPGN 
stations.

 The required free adjustment analysis of each GPS project 
that contributes to the National Spatial Reference System is 
complete. 
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More Comments

 Computation and database loading of scale 
factors for each project.

 Statewide GPS Readjustments provided 
extra information about the network on a 
state-by-state basis.
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Concept of Operation

 Helmert Blocking strategy used.

 NETSTAT- New Helmert Blocking software developed for the 
entire adjustment process incorporating more quality control and 
significant time saving features.

 Coordinates Produced and Published for both NAD83 (NSRS) 
and ITRF 
Adjustment in NAD83-Transformed to ITRF

 Network and Local Accuracies Produced.
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Network Accuracy

 Network accuracy of a control point
 A value that represents the uncertainty of its 

coordinates with respect to the geodetic datum at 
the 95-percent confidence level

 Datum is considered to be best expressed by the 
Continuous Operating Reference Stations (CORS)

 Local and Network accuracy values at CORS sites are 
considered to be infinitesimal (approach zero)

 These accuracies were implemented with the National 
Readjustment
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Local Accuracy

 Local Accuracy of a control point:
 A value that represents the uncertainty of its 

coordinates relative to other directly connected, 
adjacent control points at the 95-percent 
confidence level

 An approximate average of the individual local 
accuracy values between this control point and 
other observed control points used to establish its 
coordinates
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NEW STANDARDS FOR GEODETIC CONTROL

   (http://fgdc.er.usgs.gov/standards/status/swgstat.html)

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

• Numeric quantities, units in cm (or mm)
• Both are relative accuracy measures
• Will not use distance dependent expression
• Order/Class codes will no longer be used
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Note that this position was formerly order “B” (1-ppm)
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SHIFTS (National results)

  < 5 cm. in the horizontal component with an
       average shift of 2.2 cm.
       < 10 cm. in the vertical component with 
        an average shift of 4.6 cm.
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ITRF and WGS 84
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ITRF to NAD 83 (????)
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NSRS 2007 adjustment

 Four free iterations completed with decreasing  numbers of 
residuals over 5 cm and with decreasing variances in each 
block and overall.   Analysis of each block continues.

 No. of Observations = 851,073
 No. of constrained parameters = 2055
 No. of unknown parameters = 203,076
 Degrees 0f Freedom = 650,049

 Constraints in adjustment: 471 National CORS, 3 Canadian 
CACS, 1 Mexican CORS and 213 California CGPS sites
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TEXAS STATISTICS

• Total # of Stations:                  2400
• Max Horizontal Shift:  0.208 (m)
• Average Hz Shift:   0.016 (m)
• Max Vertical Shift:   0.250 (m)
• Average Vt. Shift:   0.018 (m)
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Texas NAD 83(NSRS 2007) 
Adjustment Statistics

Texas Final Free Adjustment: Variance = 0.70 

 2400 stations and 813 rejected vectors

Texas Final Constrained Adjustment: Variance = 1.38

Note the sole constraint for the national free 
adjustment (CORS site GAIT) and the 678 CORS/CGPS 
sites for the constrained adjustment.
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For Stations not Included

 NGS recommends that NAD 83 data that is NOT part of the NSRS 
readjustment be readjusted by contractor/user with the original 
observations.

 A set of national transformation parameters for “classical” non-
GPS stations and GPS stations that were excluded from the 
National Readjustment will be developed by NGS.

 Because of the relatively small shifts anticipated, a model such as 
NADCON will not be developed between previously 
determined GPS coordinates.
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We celebrated our 200th anniversary 
on February 10, 2007!!
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We celebrated our 200th anniversary 
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