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• Measurement

• Latitude and longitude

• Ellipsoids, datums, & geoids oh my!

• Geographic coordinate systems

• Map projections

Topics
Measuring location on Earth’s surface



Basic
Coordinate 
Systems
• unambiguously specify 

location in space

• relationships between 
locations can be calculated

• distance

• direction





• Local datum--fitted to a certain region on earth (NAD27)

• Global datum--overall fitted to earth (NAD83 and WGS84)

Datums control ellipsoid alignment



Triangulation to build networks



• Based on a spheroid model of the Earth
• Using two angular measurements (latitude and 

longitude) to specify a location on the model 

Geographic Coordinate Systems (GCS)

Geographic Coordinate 

Datum Unit of Measure Prime 



Latitude & 
longitude

• Latitude ( ) is the angular 
measurement between the 
equatorial plane and the 
radius to a point on Earth’s 
surface

• Longitude ( ) is the 
angular measurement 
between the prime 
meridian and the radius to 
a point on Earth’s surface

ϕ

λ



• A equipotential surface extended through land with 
effects of gravity
• Calm and uniform water cover the earth surface
• irregularities in the density of the Earth’s crust and 

mantle
• A measured surface (not mathematically defined) using 

surface and satellite instruments
• A global vertical datum

Geoid and Global Vertical Datum



Issues with geographic 
coordinate systems 
(GCS)
• Latitude and longitude are not uniform

• the distance of one degree of 
longitude is different from  the 
distance of one degree of latitude 
except along the equator

• Calculations (distance and area) on 
ellipsoid are more complex than on a 2D 
plane

• Most GIS analytical functions are 
implemented based on 2D coordinate 
systems

• Early GIS data were digitized from 
paper maps which are in a 2D 
coordinate system

• A map projection converts GCS to 2D 
Cartesian coordinate system



Map Projections

Area/distance is distorted but 
angles are preserved



Map projections
A map projection uses mathematical formulas to relate geographic 
coordinates on a sphere or ellipsoid to flat planar coordinates.

(ϕ, λ)↔ (x, y) 



Distortions of Map Projections

• It’s impossible to transform a spheroid surface on a flat 
plane without distortions

• Distortions may exist in shape, size, distance, and direction.
• Map projections by what properties are preserved

– Shape – Conformal Projections
– Area (size) – Equivalent (equal-area) Projections
– Distance – Equal-distance Projections
– Direction – True-direction Projections
– Compromise—minimize distortion but preserve none truly

• There are several ways map projects can be designed to 
mitigate the problem.
– Reduce one kind of distortion at the expense of another
– Have the most distortion areas fall in the less important parts of the 

map





Conformal Projections

• Feature shapes preserved 

• Perpendicular graticules intersect at 
right angles 

• The sizes of features are distorted
• Africa is 14 times larger than 

Greenland

• South America is 9 times larger than 
Greenland

• Australia is 3.5 times larger than 
Greenland





Equivalent (Equal Area) Projections

• Preserves the sizes of features

• Feature shapes are distorted



Equidistant Projection

• Preserves the distance a point and all 
other points is maintained

• Feature shapes and sizes are distorted



Compromise Projection

• Preserves no properties in true

• Maximizes “reality” in 2d

• Winkel Tripel



Goode homolosine



Developable Surfaces and Positions



Orientation of Developable Surfaces



Orientation of Developable Surfaces



Spatial Variation of Distortion on a Map



Scale Variation on Map



Patterns of Distortions for Different Map Projections



Patterns of Distortions for Different Map Projections



Patterns of Distortions for Different Map Projections



Parameters to Define a Map Projection 
(Lambert Conformal Conic as an example)

• Type of the developable 
surface
– Plane, cylinder, or cone

• Tangent or secant 
(intersect) to the ellipsoid
– One or two standard 

parallels
• Projection origin

– Central meridian and 
reference latitude

• Distortions
– Conformal or equivalent

central
meridian

origin



Standard Projections

• Many possible projections
• Governments and organizations define 

“standard” projections to use
– Impose uniformity
– Facilitate data exchange



Which Map Projection is Better for the 48 lower states?



Which Map Projection is Better for the 48 lower states?



Which Map Projection is Better for the 48 lower states?





CONTUS USA Projection  
(Lambert Conformal Conic Projection)

• Shape is preserved but area is not

Standard parallels:

45°N, 33°N

Origin:

96°W, 39°N



State Plane Coordinate Systems (SPCS)

• Developed in the 1930s and based on the 
North American Datum 1927 (NAD27). Units 
are in feet.

• SPCS NAD27 has been superseded by North 
American Datum 1983 (NAD83) with 
coordinates in meters. 

• But data in NAD27 coordinates are still in 
use.

• SPCS provides high accuracy and uses the 
same datum across the nation.



Zones and map projections in SPCS

• Lambert conformal conic (LCC)
• Transverse Mercator (TM) (conformal)



Kansas Zones SPCS NAD83

KS-N
Projection type: Lambert 
Conformal Conic
Spheroid: GRS80
Central Meridian: -98
Reference Latitude: 38.333333
1st Standard Parallel: 38.716667
2nd Standard Parallel: 39.783333
False Easting: 400,000
False Northing: 0

KS-S
Projection type: Lambert Conformal 
Conic
Spheroid: GRS80
Central Meridian: -98.5
Reference Latitude: 36.666667
1st Standard Parallel: 37.266667
2nd Standard Parallel: 38.566667
False Easting: 400,000
False Northing: 0



Universal Transverse Mercator (UTM) Projection

• A systematic map projection
– Covering the entire world
– Used by USGS topographic maps since 1950s

• A conformal projection using a cylindrical 
developable surface
– Area is distorted but not very serious within 

a zone
– Secant to the spheroid



UTM Zones
• Each zone has 6°, 60 zones around world

– Further divided into south and north zones (1N, 1S, …)

• First zone is 180°W - 174°W, central meridian is 177°W



UTM North Zone Details

• Each Zone is 6 degrees 
wide (84ºN to 80ºS)

• Origin at the Equator, 
500,000 m west of the 
zone’s central meridian

• Coordinates 
discontinuous across 
zone boundaries 



UTM South Zone Details

Origin at 500,000 m  
west of the zone’s 
central meridian and 
10,000,000 m south of 
equator



UTM Zones Covering Conterminous  USA
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Projected Coordinate Systems
A projected coordinate system consists 
of :

a linear unit of measure (usually in 
meters or feet), 

a map projection (the specific 
parameters used in the map 
projection),

a geographic coordinate system

Projected Coordinate System
Unit of Measure
Map projection (parameters)
Geographic Coordinate System



An Example of Projected Coordinate Systems
[Name] North_Carolina SPCS NAD 83

  [Unit of Measure] Meter

  [GCS] GCS_North American_1983

  [Map Projection] Lambert Conformal 
Conic

      [Central Meridian] –79 [Reference 
Parallel] 33.75°

      [Standard Parallel 1] 34.33° [Standard 
Parallel 2] 36.17°

      [False Easting] 609601.22 [False 
Northing] 0



Coordinate (Spatial Reference) Systems in Different Organizations 
and Formats

EPSG—European Petroleum 
Survey Group

IAU—International Astronomy 
Union



Coordinate (Spatial Reference) Systems in Different 
Formats



GIS Coordinate System Conversions

• Combining data from different sources for display and 
analysis.

– Vertically (overlay)
– Horizontally (appending)

• Cases that need conversions
– GCS(A) -- GCS(B)

• Different datum

– PCS(A) – PCS(B)
• Different map projection
• Same or different datum 

– GCS(A) –PCS(B)
• projection or unprojection
• Same or different datum





Datum Transformation
• Horizontal datum transformation methods

– Interpolation (based on a grid of datum shift between two datums)
– Mathematical models (3-parameter and 7-parameter) 

• Interpolation methods are region/country based
– USA
– Canada: NTv1 and NT v2
– Australia and New Zealand

• USA interpolation-based method
– The best to convert between NAD 1927 and NAD 1983 
– The National Geodetic Survey (NGS) maintains the datum shift files
– ArcGIS uses the files in its datum (NAD27 to NAD83) conversion 

function
– Limited by the availability of grids

• Can only transform between NAD27 and NAD83
• Vertical datum transformation

– Interpolation based



Datum Transformation Tools
• Developed and maintained by the National Geodetic Survey 

(NGS)
• NGS Coordinate Conversion and Transformation Tool (NCAT) 

– Convert between different coordinate systems
• conversion between lat/long/height, SPC, UTM

– Transform between different datums
– Uses NADCON to perform three-dimensional (latitude, longitude, 

ellipsoid height) coordinate transformations and VERTCON to perform 
orthometric height transformations 

– Web application
– Supersede NADCON and VERTCON

• VDatum
– More choice on vertical datums
– Especially useful for costal regions
– Web or desktop applications

• Horizontal Time-Dependent Positioning (HTDP)
– Estimate horizontal displacement/velocity between two dates

https://www.ngs.noaa.gov/NCAT/
https://vdatum.noaa.gov/vdatumweb/
https://geodesy.noaa.gov/TOOLS/Htdp/Htdp.shtml


NCAT and Vdatum Web Apps





Coordinate System Conversion in ArcGIS

•Define your coordinate systems before you can 
convert

•Defining a coordinate system ONLY changes its 
coordinate system metadata (i.e., the .prj file of a 
shapefile)

– Doesn’t change the coordinates
– Define data’s current coordinate system, then project

•ALWAYS define the coordinate system
– Good professional practice
– Help others and yourself



Additional Ways of Specifying Location

• Public land survey system (PLSS)
– Systematic and hierarchical division of land 

parcels
• Address

– Street address, zip code
– Geocoding—estimate the coordinates of an address

• Linear measurements in transportation
– Distance measurement along linear features

• Highways, rivers, …



Public Land Survey System (PLSS)

• Not a coordinate system
• Often used as reference system for 

describing the location of land parcels
• Townships and sections

– 6-by-6 miles
– 1-by-1 mile





The Public Land Survey System (PLSS)

Several regions and each has its own origin; Not all the 
states have PLSS 







The Public Land Survey System (PLSS)



Address and Geocoding

• The process of converting addresses to 
coordinates
– An address à a point with x and y 

coordinate

• Useful in business and emergency 
applications

• Coordinates by interpolation
– Reference data  has both address information 

and coordinates
– The location of the matching street is used to 

estimate the coordinates for an address.
– May not be accurate

• New technologies
– Mapped the addresses; reverse geocoding



Linear Reference Systems (LRS) in Transportation

• Events are measured based on the distance along 
linear features (roads and rivers)

• Two types of events
– Point events (accidents)

• Occur at individual locations
• Record the distance from a reference point on a linear feature

– Line events (speed limits or pavement types)
• Occur at certain ranges on a linear feature
• Record the start and end distance measures 

• LRS à coordinates
– Event table à Points or lines with (x, y) coordinates
– Line segmentation



LRS à Coordinates


