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Where are you?

 Relative location

 “I’m at school”

 Absolute Location

 45°26’ 18.07”

 122°43’ 50.78”



Where is Boston?



Introducing Geodesy, Ellipsoids & Geoids



Geodesy

 The science of accurately measuring and 

understanding the Earth’s geometric shape, 

orientation in space, and gravitational field.



The Earth looks like….



Shape of the Earth

 A sphere?  No.

 Round

 An ellipsoid?  Almost.

 Bulges at the center, flattened at the poles

 Commonly used as surrogates for the real shape of the 

Earth to simplify the mathematics in created a 

coordinate system grid

 Good approximation of the Earth’s shape



Shape of the Earth

 A Geoid?  You got it.

 Earth’s surface that closely approximates global mean 

sea level and accounts for differences in the 

gravitational pull.  

 Geoid is lumpy because gravity varies from place to 

place in response to local differences in topography & 

variations in the density of the materials of the Earth’s 

interior 

 Sea-level gravity is greater at the poles than the 

equator, so Geoids are ‘squished’



Shape of the Earth



Geoid



Ellipsoid & Geoid

 There are many ellipsoids

 Localized ones minimize the difference between the 

Geoid & Ellipsoid on a local or regional scale



Ellipsoid & Geoid



Clark 1866

 An ellipsoid optimized for North America

 Centered at Meade’s Ranch, Kansas where the 

geoidal height is considered to be 0

 Longitude & latitude of every other point in N. 

America is based on distance & direction from 

Meade’s Ranch



Common Ellipsoids

 Clark 1866. North American Ellipsoid

 GRS 1980. Geodetic Reference System of 1980 

(Global)

 WGS 1984. World Geodetic System of 1984 

(Global)



GRS 1980 vs. WGS 1984

Ellipsoid Semi-major Axis Semi-minor Axis

GRS 1980 6,378,137.0m 6,356,752.314140m

WGS 1984 6,378,137.0m 6,356,752.314245m

Very small differences in the semi-minor axis result in minute 

difference in flattening 



Based off of ellipsoids, but allow for local 

variations in elevation.

Datums



Datums

 A reference surface of the Earth

 Used as the basis to make position measurements on the 

Earth 

 A model of the shape of the Earth based on an 

Ellipsoid

 Many datums exist – each represent a unique model of 

the Earth’s surface

 Datums are used to describe a point on the Earth’s 

surface using latitude and longitude



Major North American Datums (NAD)

Regional Datum Ellipsoid

1st NAD (1901) Clark 1866

NAD 1927 Clarke 1866

NAD 1983 GRS 1980



North American Datum 1927 (NAD27)

 North American datum based on the Clarke 1866 

ellipsoid

 Uses a single survey point (Meade Ranch, Kansas) 

as reference

 Not as accurate as newer datums (which use more 

precise ellipsoids)

 Still used on most USGS topographic quads (DRGs, 

DLGs)



North American Datum 1983 (NAD83)

 North American datum based on the GRS80 

ellipsoid

 Compatible with modern survey techniques

 Official datum of the Federal government and most 

states



NAD 27 vs. NAD 83

 A point having a given latitude & longitude in 

NAD27 might be placed up to tens of meters from 

another point having identical latitude & longitude 

in NAD83



48.7438798534299-122.46818353793WGS 1984

48.7438798543649-122.46818353793NAD 1983

48.7440490722656-122.46690368652NAD 1927

LatitudeLongitudeDatum

Bellingham, WA coordinates in decimal degrees



NAD27 vs. NAD83



NAD 1983 (HARN)

 HARN = High Accuracy Reference Network

 Statewide or regional upgrade in accuracy of NAD 

1983



World Geodetic Survey 1984 (WGS84)

 Not necessarily the best fit for any given region, but 

beneficial as a global system

 Based on the WGS84 ellipsoid

 Compatible with modern survey techniques

 World reference system first developed by 

Department of Defense in the 1950’s

 Official datum of bombs (and Google Earth)

 Used by the GPS system



Something to note….

Most of the time, when you are given a latitude & 

longitude coordinate, it will use WGS 1984!



Latitude & Longitude

Geographic Coordinate Systems



Geographic Coordinate Systems

 A global reference system for determining points on 

the Earth’s surface

 Uses Latitude & Longitude

 Based on a 3D model of the Earth



Geographic Coordinate System



Geographic Coordinate System

 Latitude.  Lines north & south of the equator used as the 

basis for a geographic coordinate system

 Equator.  The line of latitude that separates the northern 

& southern hemispheres

 Longitude. Lines east & west of the prime meridian also 

used in a geographic coordinate system

 Prime Meridian.  The line of longitude that separates the 

eastern & western hemisphere currently running through 

Greenwich, England

 International Date Line.  Located at 180°, it is where a 

new day begins!





Latitude & Longitude Units

 Units are based on their distance from the equator or 

prime meridian on a 3D Earth

 Degrees, Minutes, Seconds

 45° 46’ 33”

 1 degree = 60 minutes 

 1 min = approx 1.15 miles of latitude

 1 min = 60 seconds

 Decimal Degrees

 Minutes & seconds are converted into a decimal

 http://transition.fcc.gov/mb/audio/bickel/DDDMMSS-

decimal.html

http://transition.fcc.gov/mb/audio/bickel/DDDMMSS-decimal.html


Great Circle

 Shortest path between two points

 Great Circle Mapper  http://www.gcmap.com/

 http://www.chemical-ecology.net/java/lat-long.htm

http://www.gcmap.com/
http://www.chemical-ecology.net/java/lat-long.htm


Platte Caree – Square Map



Platte Caree – Square Map



a.k.a. Projected Coordinate Systems

Map Projections



Map Projections



Map Projections

 The surface of the Earth is curved, maps are flat.

 Map projection is the mathematical transformation 

of the Earth to a flat (2D) surface



No matter what you do, maps will also be distorted!



Four types of Distortion

 Shape (Conformal)

 Shape of features is preserved

 Area (Equal Area)

 Mapped areas have the same proportional relationship to the areas on 
the Earth that they represent

 Distance (Equidistant) 

 Distance from single location to other locations is preserved

 Direction (Azimuthal)
 Direction from single location to other locations is preserved



Four types of distortion

It is possible to retain at least one of these properties, 

but not all of them.



Greenland v. Africa



Methods of Projection



Cylindrical Projections



Conical Projections



Planar Projections



Projection Orientation

 Normal

 A cylinder projection is normally tangent (a line or a plane that touches 
a curve or a surface at a point) at the equator

 A cone is normally tangent along a parallel

 A plane is normally tangent at the pole

 Transverse

 The projection surface is turned 90° from normal

 Cylinder – a meridian

 Plane – equator

 Cone – point at equator (uncommon) 

 Oblique

 Projection surface lies somewhere between normal and transverse



Projection Orientation



Projection Tangency

 Standard Line

 The line of tangency between a projected surface and the 
surface of the globe

 Along this line, the map has no distortion

 Away from the line, distortions occur and the amount of 
distortion depends on the type of projection

 Secant

 When the projected surface intersects the globe, cutting the 
Earth along a line or lines.

 Intersects the Earth along two separate lines



Projection Tangency



Projection Tangency



Mercator Map Projection



Millers Cylindrical Projection



Peters Map Projection



Robinson Map Projection



Lambert Conformal Conic



Equal Area Molleweide



Goode’s Homolosine



Sinusoidal



Winkel Triple



Understanding Distortions



Tissot Indicatrix

 Mathematical calculation designed to characterize 

the distortion produced by a given map projection

 Meant to represent the distortion at a given point

 Distortions vary across maps, so the indicatrices are 

placed at points throughout the map

 Important in the study of map projections

 illustrate distortion 

 provide the basis for the calculations that represent the 

magnitude of distortion precisely at each point



Platte Caree - Tissot's indicatrix



Sinusoidal – Tissot’s indicatrix



Mercator – Tissot’s indicatrix



Map Projections



 Map Projection Comparison

 http://projections.mgis.psu.edu/

 Map Projection humor

 http://xkcd.com/977/

http://projections.mgis.psu.edu/
http://xkcd.com/977/


A.k.a. UTM

Universal Transverse Mercator



UTM

 Cylindrical

 Transverse (oriented 90°from normal)

 60 zones, 6°each, Max distortion: 0.04%

 Northings & Eastings, measured in meters



UTM



UTM



UTM

 Coordinates are in 

“Northings” and “Eastings”

 Northings are relative to the 

equator;

 “Eastings” are relative to false 

origin 500,000 meters west of 

the zone’s central meridian



State Plane Coordinate Systems



State Plane Coordinate System

 System that divides the US into 120 zones

 Specific projection for each zone; chosen to minimize 

distortion based on the state’s shape (good for 

surveying)

 Smaller states use a single state plane zone; larger 

states are divided into several zones

 NOT a single map projection; system that is based on 

different projections



State Plane Coordinate Systems


