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SURVEY TYPES

 Surveys can be grouped into two categories:
 1. Plane Surveys
 2. Geodetic Surveys

A survey of  a small area in which the area surveyed is considered flat except 
for topographic variations, is termed a plane survey and this branch of  
surveying is called Plane Surveying,.

When a survey covers a large portion of  the earth, the curvature of  the earth 
has to be considered. Surveys of  this type cannot be mapped on plane sheets 
of  paper without distortions. These are called Geodetic Surveys, the position 
of  points are indicated either by spherical coordinates , namely Latitude and 
Longitude, or by Plane Coordinates after projecting onto a plan surface, E.G., 
State Plane Coordinates 



SURVEY TYPES

 Plane Surveys
- assume earth’s surface is flat plane
- use X-Y coordinates
- easy procedures and computations
- sufficient for most surveys

 Geodetic Surveys
- accurately represent earth’s shape
- use spheroid coordinates (Latitude, Longitude)
- more complex, expensive, difficult computations



GEOCENTRIC AND GEOGRAPHICAL



LATITUDE & LONGITUDE



THE ELLIPSOID
MATHEMATICAL MODEL OF THE 

EARTH
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THE ELLIPSOID



UNITED STATES
ELLIPSOID DEFINITIONS

CLARKE 1866
a = 6,378,206.4 m     1/f = 294.97869821

GEODETIC REFERENCE SYSTEM 1980 - (GRS 80)
a = 6,378,137 m        1/f = 298.257222101

WORLD GEODETIC SYSTEM 1984 - (WGS 84)
a = 6,378,137 m       1/f = 298.257223563

BESSEL 1841
a = 6,377,397.155 m  1/f = 299.1528128

Presenter
Presentation Notes
There have been several different ellipsoids used for the horizontal datums of the United States.  The Bessell 1841 ellipse was used from approximately 1845 until 1879.  Clarke 1866, developed by the English Geodesist A. R. Clarke was adopted in 1879 following the completion of the great Transcontinental Arc of Triangulation as it most closely approximates the size and shape of North America.  As part of the activity to complete the North American Datum of 1983 (NAD 83), In 1979, the National Geodetic Survey decieded to adopt the Geodetic Reference System 1980 (GRS 80) as recommended by the International Association of Geodesy, as it most closely reflects the size and shape of the entire globe.  It should be noted that GRS80 is for all practical purposes, the same size and shape as the World Geodetic System of 1984 (WGS 84) ellipsoid used with the Global Positioning System (GPS).  The small numerical differences in the flattening (1/f) amount to less than 0.1 millimeter from the most northern part of Alaska to the southern tip of Florida!!



THE ELLIPSOID
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http://en.wikipedia.org/wiki/George_Everest
http://en.wikipedia.org/wiki/Bessel
http://en.wikipedia.org/wiki/Alexander_Ross_Clarke
http://en.wikipedia.org/wiki/Friedrich_Robert_Helmert
http://en.wikipedia.org/wiki/World_Geodetic_System%23The_Department_of_Defense_World_Geodetic_System_1972
http://en.wikipedia.org/wiki/GRS_80
http://en.wikipedia.org/wiki/NAD83
http://en.wikipedia.org/wiki/World_Geodetic_System%23A_new_World_Geodetic_System:_WGS84
http://en.wikipedia.org/wiki/International_Terrestrial_Reference_System


THE GEOID AND TWO ELLIPSOIDS

GRS80-WGS84
CLARKE 1866

GEOID

Earth Mass
Center

Approximately
236 meters



DATUMS

A set of  constants specifying the coordinate system used 
for geodetic control, i.e., for calculating coordinates of  
points on the Earth.  Specific geodetic datums are usually 
given distinctive names. (e.g., North American Datum of  
1983, European Datum 1950, National Geodetic Vertical 
Datum of  1929)



DATUM



VERTICAL DATUMS

MEAN SEA LEVEL DATUM OF 1929

NATIONAL GEODETIC VERTICAL DATUM OF  1929
(As of  July 2, 1973)

NORTH AMERICAN VERTICAL DATUM OF 1988
(As of   June 24, 1993)



NGVD 29  and NAVD 88



COMPARISON OF VERTICAL DATUM 
ELEMENTS

NGVD 29 NAVD 88

DATUM DEFINITION                26  TIDE GAUGES                    FATHER’S POINT/RIMOUSKI 
IN THE U.S. & CANADA                       QUEBEC,  CANADA

BENCH MARKS       100,000                                                450,000 

LEVELING (Km)                                102,724                                              1,001,500 

GEOID FITTING                   Distorted  to Fit MSL Gauges                  Best Continental Model



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



NAD 27 and NAD 83



HIGH ACCURACY REFERENCE 
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)



HIGH ACCURACY REFERENCE 
NETWORKS



HARN



HARN



















THE GEOID



GRID AZIMUTH COMPUTATION

αg = αA + Laplace Correction - γ
=  253o 26’ 14.9”   (Observed Astro Azimuth)

+  (- 0.1)” (Laplace Correction)
=  253o 26’ 14.8”   (Geodetic Azimuth)

- 0  36  37.0 (Convergence Angle)
=  252o 49’ 37.8” 

The convention of  the sign of  the convergence angle is 
always from Grid to Geodetic



UNDULATIONS OF THE GEOID



UNDULATIONS OF THE GEOID



ELLIPSOID - GEOID RELATIONSHIP

H h

Ellipsoid
GRS80

H = Orthometric Height (NAVD 88)

N

Geoid

H = h - N

PERPENDICULAR 
TO ELLIPSOID

PERPENDICULAR
TO GEOID (PLUMBLINE) DEFLECTION OF THE VERTICAL

DEFLEC99

TOPOGRAPHIC SURFACE

h = Ellipsoidal Height (NAD 83)
N = Geoid Height (GEOID 99)

GEOID99



State Plane Coordinates
BRIEF HISTORY:

-Originally a U.S. English unit grid system

-Developed by land surveyors in the 1930’s to simplify surveying 
computations

cooperative venture between the Coast and Geodetic Survey and the North 
Carolina state government, and efforts to build a North Carolina spatial 
coordinate system with minimal distortion was started. In 1933 this 
cooperative venture produced the North Carolina Coordinate System. In less 
that 12 months, the North Carolina system had been copied into all of the 
remaining states, and the State Plane coordinate system was born.

-Used only in the US



STATE PLANE COORDINATE SYSTEMS

Lambert Conformal Conic and Transverse Mercator Projections
International, State and County Boundaries
NAD 27 - Coordinates in U.S. Survey Feet

NAD 83 - Coordinates Metric w/State Defined Foot Conversion
1 Meter = 3.280833333  U.S. Survey Feet

1 Meter = 3.280839895  International Feet 
NAD 27 to NAD 83  VERY large Positional Shifts



Types of  Plane Systems

Plane

Ellipsoid

Tangent Plane
Local Plane

Point of 
Origin

Intersecting Cylinder
Transverse Mercator

Axis of 
Ellipsoid

Ellipsoid

Axis of 
Cylinder

Standard 
Parallels

Apex of
Cone

Intersecting Cone
2 Parallel Lambert

Axis of Cone 
& Ellipsoid

Ellipsoid

Presenter
Presentation Notes
States like Washington and Oregon that wider in east-west direction use the Lambert Conical Projection, represented by the ellipsoid intersecting a cone.
States like Idaho, that are elongated in a north/south direction, use a Transverse Mercator Projection that is represented the ellipsoid intersecting a cylinder.
Our area of interest is that part of the cone that partitioned by the intersecting standard parallels.
This scenario is repeated for both zones in Washington State



LAMBERT CONFROMAL CONIC
WITH 2 STANDARD PARALLELS

Approximately 158 miles

CENTRAL MERIDIAN

STANDARD PARALLELS

0

Presenter
Presentation Notes
The International Earth Rotation Service (IERS) is a non-governmental agency based in Paris, France.  Their goal is to produce a global reference system - ITRF that takes into account the motions of the Earth's tectonic plates.  Data from a variety of techniques (listed) are provided to IERS annually by National governments (such as NGS), academic institutions and research facilities around th world.  Use of ITRF is recommended for all reference frames that are designed to use space-based (e.g. GPS) measurements, with a need for international coordination at the several centimeter level.



Earth Center

a’

b’

a

b
c

d
c’

d’
GEODETIC 

vs. 
GRID DISTANCE

ab  > a’b’

cd < c’d’



LAMBERT CONFROMAL CONIC
WITH 2 STANDARD PARALLELS

CENTRAL MERIDIAN

STANDARD PARALLELS

n

s

0

SCALE EXACT

SCALE EXACT

SCALE  < 1

SCALE  > 1

SCALE  > 1

Grid Scale Factor
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Presentation Notes
The International Earth Rotation Service (IERS) is a non-governmental agency based in Paris, France.  Their goal is to produce a global reference system - ITRF that takes into account the motions of the Earth's tectonic plates.  Data from a variety of techniques (listed) are provided to IERS annually by National governments (such as NGS), academic institutions and research facilities around th world.  Use of ITRF is recommended for all reference frames that are designed to use space-based (e.g. GPS) measurements, with a need for international coordination at the several centimeter level.



Standard Parallels

Presenter
Presentation Notes
The illustration above, defines the standard parallels and projection limits for each zone.
RCW58.20.130 “Technical definitions” defines Standard parallels
The Washington coordinate system of 1983, north zone, is a Lambert conformal conic projection of the GRS 80 spheroid, having standard parallels at north latitudes 47° 30' and 48° 44', along which parallels the scale shall be exact. The origin of coordinates is at the intersection of the meridian 120° 50' west of Greenwich and the parallel 47° 00' north latitude. This origin is given the coordinates: E = 500,000 meters and N = 0 meters.�
The Washington coordinate system of 1983, south zone, is a Lambert conformal conic projection of the GRS 80 spheroid, having standard parallels at north latitudes 45° 50' and 47° 20', along which parallels the scale shall be exact. The origin of coordinates is at the intersection of the meridian 120° 30' west of Greenwich and the parallel 45° 20' north latitude. This origin is given the coordinates: E = 500,000 meters and N = 0 meters. 



TRANSVERSE MERCATOR

CENTRAL MERIDIAN
0
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Presentation Notes
The International Earth Rotation Service (IERS) is a non-governmental agency based in Paris, France.  Their goal is to produce a global reference system - ITRF that takes into account the motions of the Earth's tectonic plates.  Data from a variety of techniques (listed) are provided to IERS annually by National governments (such as NGS), academic institutions and research facilities around th world.  Use of ITRF is recommended for all reference frames that are designed to use space-based (e.g. GPS) measurements, with a need for international coordination at the several centimeter level.



STATE PLANE COORDINATE SYSTEMS



North and South Zones

S. Zone Origin 45-20/120-30

N. Zone Origin 47-00/120-50
N=0m, E=500,000m

N=0m, E=500,000m

47-30

48-44

45-50

47-20

Presenter
Presentation Notes
RCW58.20.130 defines the boundary’s
The area now included in the following counties shall constitute the north zone: Chelan, Clallam, Douglas, Ferry, Island, Jefferson, King, Kitsap, Lincoln, Okanogan, Pend Oreille, San Juan, Skagit, Snohomish, Spokane, Stevens, Whatcom, and that part of Grant lying north of parallel 47° 30' north latitude.�
The area now included in the following counties shall constitute the south zone: Adams, Asotin, Benton, Clark, Columbia, Cowlitz, Franklin, Garfield, that part of Grant lying south of parallel 47° 30' north latitude, Grays Harbor, Kittitas, Klickitat, Lewis, Mason, Pacific, Pierce, Skamania, Thurston, Wahkiakum, Walla Walla, Whitman and Yakima. 



WASHINGTON ZONES



PARAMETERS OF A LAMBERT 
PROJECTION



RCW 58.20
 RCW 58.20.110
 Definitions.
 Unless the context clearly requires otherwise, the definitions in this section apply 

throughout RCW 58.20.110 through 58.20.220 and 58.20.901:

(1) "Committee" means the interagency federal geodetic control committee or 
its successor;

(2) "GRS 80" means the geodetic reference system of  1980 as adopted in 
1979 by the international union of  geodesy and geophysics defined on an 
equipotential ellipsoid;

(3) "National geodetic survey" means the national ocean service's national 
geodetic survey of  the national oceanic and atmospheric administration, United 
States department of  commerce, or its successor;

(4) "Washington coordinate system of  1927" means the system of  plane 
coordinates in effect under this chapter until July 1, 1990, which is based on the 
North American datum of  1927 as determined by the national geodetic survey of  
the United States department of  commerce;

(5) "Washington coordinate system of  1983" means the system of  plane 
coordinates under this chapter based on the North American datum of  1983 as 
determined by the national geodetic survey of  the United States department of  
commerce. 

 [1989 c 54 § 9.]

http://apps.leg.wa.gov/RCW/default.aspx?cite=58.20.110
http://apps.leg.wa.gov/RCW/default.aspx?cite=58.20.220
http://apps.leg.wa.gov/RCW/default.aspx?cite=58.20.901


RCW 58.20

 RCW 58.20.120
 System designation — Permitted uses.
 Until July 1, 1990, the Washington coordinate system of  1927, or its successor, 

the Washington coordinate system of  1983, may be used in Washington for 
expressing positions or locations of  points on the surface of  the earth. On and 
after that date, the Washington coordinate system of  1983 shall be the designated 
coordinate system in Washington. The Washington coordinate system of  1927 
may be used only for purposes of  reference after June 30, 1990.



RCW 58.20

 RCW 58.20.130
 Plane coordinates adopted — Zones.
 The system of  plane coordinates which has been established by the national 

geodetic survey for defining and stating the positions or locations of  points on 
the surface of  the earth within the state of  Washington is designated as the 
"Washington coordinate system of  1983."

For the purposes of  this system the state is divided into a "north zone" and a 
"south zone."

The area now included in the following counties shall constitute the north 
zone: Chelan, Clallam, Douglas, Ferry, Island, Jefferson, King, Kitsap, Lincoln, 
Okanogan, Pend Oreille, San Juan, Skagit, Snohomish, Spokane, Stevens, 
Whatcom, and that part of  Grant lying north of  parallel 47° 30' north latitude.

The area now included in the following counties shall constitute the south 
zone: Adams, Asotin, Benton, Clark, Columbia, Cowlitz, Franklin, Garfield, that 
part of  Grant lying south of  parallel 47° 30' north latitude, Grays Harbor, 
Kittitas, Klickitat, Lewis, Mason, Pacific, Pierce, Skamania, Thurston, 
Wahkiakum, Walla Walla, Whitman and Yakima.



RCW 58.20

 RCW 58.20.150
 Designation of  coordinates — "N" and "E."
 "N" and "E" shall be used in labeling coordinates of  a point on the earth's surface and 

in expressing the position or location of  such point relative to the origin of  the 
appropriate zone of  this system, expressed in meters and decimals of  a meter. These 
coordinates shall be made to depend upon and conform to the coordinates, on the 
Washington coordinate system of  1983, of  the horizontal control stations of  the 
national geodetic survey within the state of  Washington, as those coordinates have 
been determined, accepted, or adjusted by the survey.



RCW 58.20

 RCW 58.20.160
 Tract in both zones — Description.
 When any tract of  land to be defined by a single description extends from one into the 

other of  the coordinate zones under RCW 58.20.130, the positions of  all points on its 
boundaries may be referred to either of  the zones, the zone which is used being 
specifically named in the description. 

http://apps.leg.wa.gov/RCW/default.aspx?cite=58.20.130


RCW 58.20

 RCW 58.20.170
 Zones — Technical definitions.
 For purposes of  more precisely defining the Washington coordinate system of  

1983, the following definition by the national geodetic survey is adopted:

The Washington coordinate system of  1983, north zone, is a Lambert 
conformal conic projection of  the GRS 80 spheroid, having standard parallels at 
north latitudes 47° 30' and 48° 44', along which parallels the scale shall be exact. 
The origin of  coordinates is at the intersection of  the meridian 120° 50' west of  
Greenwich and the parallel 47° 00' north latitude. This origin is given the 
coordinates: E = 500,000 meters and N = 0 meters.

The Washington coordinate system of  1983, south zone, is a Lambert 
conformal conic projection of  the GRS 80 spheroid, having standard parallels at 
north latitudes 45° 50' and 47° 20', along which parallels the scale shall be exact. 
The origin of  coordinates is at the intersection of  the meridian 120° 30' west of  
Greenwich and the parallel 45° 20' north latitude. This origin is given the 
coordinates: E = 500,000 meters and N = 0 meters.



RCW 58.20

 RCW 58.20.180
 Recording coordinates — Control stations.
 Coordinates based on the Washington coordinate system of  1983, purporting to 

define the position of  a point on a land boundary, may be presented to be 
recorded in any public land records or deed records if  the survey method used 
for the determination of  these coordinates is established in conformity with 
standards and specifications prescribed by the interagency federal geodetic 
control committee, or its successor. These surveys shall be connected to 
monumented control stations that are adjusted to and published in the national 
network of  geodetic control by the national geodetic survey and such connected 
horizontal control stations shall be described in the land or deed record. 
Standards and specifications of  the committee in force on the date of  the survey 
shall apply. In all instances where reference has been made to such coordinates in 
land surveys or deeds, the scale and sea level factors shall be stated for the survey 
lines used in computing ground distances and areas.



RCW 58.20

 The position of  the Washington coordinate system of  1983 shall be marked on the 
ground by horizontal geodetic control stations which have been established in 
conformity with the survey standards adopted by the committee and whose geodetic 
positions have been rigorously adjusted on the North American datum of  1983, and 
whose coordinates have been computed and published on the system defined in RCW 
58.20.110 through 58.20.220 and 58.20.901. Any such control station may be used to 
establish a survey connection with the Washington coordinate system of  1983.

 RCW 58.20.190
 Conversion of  coordinates — Metric.
 Any conversion of  coordinates between the meter and the United States survey foot

shall be based upon the length of  the meter being equal to exactly 39.37 inches.

http://apps.leg.wa.gov/RCW/default.aspx?cite=58.20.110
http://apps.leg.wa.gov/RCW/default.aspx?cite=58.20.220
http://apps.leg.wa.gov/RCW/default.aspx?cite=58.20.901


RCW 58.20

 RCW 58.20.200
 Term — Limited use.
 The use of  the term "Washington coordinate system of  1983" on any map, 

report of  survey, or other document, shall be limited to coordinates based on 
the Washington coordinate system of  1983 as defined in this chapter.

 RCW 58.20.210
 United States survey prevails — Conflict.
 Whenever coordinates based on the Washington coordinate system of  1983 

are used to describe any tract of  land which in the same document is also 
described by reference to any subdivision, line or corner of  the United States 
public land surveys, the description by coordinates shall be construed as 
supplemental to the basic description of  such subdivision, line, or corner 
contained in the official plats and field notes filed of  record, and in the event 
of  any conflict the description by reference to the subdivision, line, or corner 
of  the United States public land surveys shall prevail over the description by 
coordinates.



RCW 58.20

 RCW 58.20.220
 Real estate transactions — Exemption.
 Nothing contained in this chapter shall require any purchaser or mortgagee to rely 

on a description, any part of  which depends exclusively upon the Washington 
coordinate system of  1927 or 1983.

 RCW 58.20.901
 Severability — 1989 c 54.
 If  any provision of  this act or its application to any person or circumstance is held 

invalid, the remainder of  the act or the application of  the provision to other 
persons or circumstances is not affected.

 58.09.070
Coordinates — Map showing control scheme required.

 When coordinates in the Washington coordinate system are shown for points on a 
record of  survey map, the map may not be recorded unless it also shows, or is 
accompanied by a map showing, the control scheme through which the coordinates 
were determined from points of  known coordinates.



WAC 332-130-090

 WAC 332-130-060
 Washington State Register filings since 2003Local geodetic control survey 

standards.
 The following standards shall apply to local geodetic control surveys:

The datum for the horizontal control network in Washington shall be 
NAD83 as officially adjusted and published by the National Geodetic Survey 
of  the United States Department of  Commerce or as established in 
accordance with chapter 58.20 RCW. The datum tag and coordinate epoch 
date (if  pertinent) shall be reported on all documents prepared, which show 
local geodetic control; e.g., NAD83 (1991), NAD83 (CORS) (2002.00), 
NAD83 (NSRS) (2005.50) and other future [standards].

http://apps.leg.wa.gov/wac/registerfiling.aspx?cite=332-130-060
http://apps.leg.wa.gov/RCW/default.aspx?cite=58.20


SURVEY RECORDING ACT 1973
RCW 58.09.070

 58.09.070
Coordinates — Map showing control scheme 
required.

 When coordinates in the Washington coordinate system 
are shown for points on a record of  survey map, the 
map may not be recorded unless it also shows, or is 
accompanied by a map showing, the control scheme 
through which the coordinates were determined from 
points of  known coordinates. 

 [1973 c 50 § 7.]



WAC 332-130-090

 WAC 332-130-090
 No Washington State Register filings since 2003Field traverse standards for land boundary surveys.
 The following standards shall apply to field traverses used in land boundary surveys. Such standards should be considered 

minimum standards only. Higher levels of  precision are expected to be utilized in areas with higher property values or in other 
situations necessitating higher accuracy.

(1) Linear closures after azimuth adjustment.

(a) City - central and local business and industrial

areas . . . . . . . . . . . . 1:10,000

(b) City - residential and subdivision lots . . . . . . . . . . . . 1:5,000 

(c) Section subdivision, new subdivision boundaries for residential lots and interior monument control . . . . . . . . . . . . 1:5,000 

(d) Suburban - residential and subdivision lots . . . . . . . . . . . . 1:5,000 

(e) Rural - forest land and cultivated areas . . . . . . . . . . . . 1:5,000 

(f) Lambert grid traverses . . . . . . . . . . . . 1:10,000

(2) Angular closure.

(a) Where 1:10,000 minimum linear closure is required, the maximum angular error in seconds shall be determined by the 
formula of  10 √n, where "n" equals the number of  angles in the closed traverse.

(b) Where 1:5,000 minimum linear closure is required, the maximum angular error in seconds shall be determined by the 
formula of  30 √n where "n" equals the number of  angles in the closed traverse.



SYMBOLS USED IN TEXT
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DEFINITIONS



DEFINITIONS



TRAVERSING



TRAVERSING



PARAMETERS OF A LAMBERT 
PROJECTION



PARAMETERS OF A LAMBERT 
PROJECTION



PARAMETERS OF A LAMBERT 
PROJECTION



PROJECTION TABLES



PROJECTION TABLES



WHAT YOU NEED TO USE THE STATE 
PLANE COORDINATE SYSTEMS

 N & E STATE PLANE COORDINATES FOR CONTROL POINTS

AZIMUTHS
- Conversion from Astronomic to Geodetic
- Conversion from Geodetic to Grid (Mapping Angle)

DISTANCES
- Reduction from Horizontal to Ellipsoidal

“Sea-Level Reduction Factor”
- Correction for Grid Scale Factor
- Combined Factor



SYMBOLS USED IN TEXT



SYMBOLS USED IN TEXT



SOLUTION EQUATIONS



SOLUTIONS



SOLUTIONS



SCALE FACTORS



REDUCTION TO GRID

(Geodetic Distance) x k (Grid Scale Factor)



SCALE FACTORS



SCALE FACTORS



ELEVATION FACTORS



ELEVATION FACTORS



U.S. NATIONAL MODEL -- GEOID99
(http://www.ngs.noaa.gov/cgi-

bin/GEOID_STUFF/geoid99_prompt1.prl)

CANADIAN NATIONAL MODEL --
CGG2000

http://www.geod.nrcan.gc.ca/products/html-
public/GSDinfo/English/factsheets/gpsht_fact.html

GLOBAL MODEL -- EGM 96
(http://www.nima.mil/GandG/wgs-84/egm96.html)

GEOID MODELS



USGG2003 and GEOID03

USGG = U.S. Gravimetric Geoid
GEOID03 = U.S. Hybrid Geoid

In excess of  11,000 GPS on BMs
(A, B, and 1st- Order GPS on 1st, 2nd and 3rd – Order NAVD 88 

BMs)

Possibly overall misfit will be about 2.9 cm.

GEOID03



REDUCTION TO THE ELLIPSOID

h

N
H

R
Earth Radius

6,372,161 m
20,906,000 ft.

Earth Center

S

D

S = D x  ___R__     
R + h

h = H + N

S = D x
R + H + N

___R___      



ELEVATION FACTORS



ELEVATION FACTORS



COMBINED FACTOR

CF = Ellipsoidal Reduction Factor x Grid 
Scale Factor (k)



CONVERGENCE



CONVERGENCE



LAMBERT CONFROMAL CONIC
WITH 2 STANDARD PARALLELS

CENTRAL MERIDIAN
0

Convergence angles () 
always  positive East

Convergence angles () 
always  negative West

The Convention of the Sign of the Convergence Angle 
is Always From Grid To Geodetic

Presenter
Presentation Notes
The International Earth Rotation Service (IERS) is a non-governmental agency based in Paris, France.  Their goal is to produce a global reference system - ITRF that takes into account the motions of the Earth's tectonic plates.  Data from a variety of techniques (listed) are provided to IERS annually by National governments (such as NGS), academic institutions and research facilities around th world.  Use of ITRF is recommended for all reference frames that are designed to use space-based (e.g. GPS) measurements, with a need for international coordination at the several centimeter level.



GROUND LEVEL COORDINATES

“I WANT STATE PLANE COORDINATES 
RAISED TO GROUND  LEVEL”

GROUND LEVEL COORDINATES ARE NOT
STATE PLANE COORDINATES!!!!!



PROJECT COORDINATES



PROJECT COORDINATES



PROJECT COORDINATES



Ground Level Coordinates

Project Datum coordinates are based on state 
plane, but…..

Are NOT state plane coordinates!!!!



GROUND LEVEL COORDINATES

TRUNCATE COORDINATE VALUES
SUCH AS: 
N = 13,750,260.07 ft   becomes   50,260.07 
E =    2,099,440.89 ft   becomes   99,440.89

AND



LEGAL DESCRIPTIONS



LEGAL DESCRIPTIONS



METER TO FEET CONVERSIONS



NADCON
 = +0.12344
 =  -1.87842

 = +0.12249
 =  -1.88963

 = +0.12423
 =  -1.81246

 = +0.12568
 =  -1.83364

 = +0.12449
 =  -1.88905

 = +0.12499
 =  -1.86543

 = +0.12640
 =  -1.85407

 = +0.12438
 =  -1.86547

 = +0.12354
 =  -1.8594

 = +0.12431
 =  -1.86291

 = +0.12441
 =  -1.83879



CORPSCON

 http://crunch.tec.army.mil/software/corpscon/
corpscon.html#download
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