
Coordinate Systems
& Map Projections
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Coordinate Systems

Two map layers are not going to register 
spatially unless they are based on the 
same coordinate system.

2



3

Coordinate system
A method for specifying the location of real-world
features on the surface of the earth.

Geographic coordinates GCS
A measurement of a location on the earth's surface
expressed in degrees of latitude and longitude.
Projected coordinates
A measurement of locations on the earth’s surface
expressed in a two-dimensional system that locates
features based on their distance from an origin (0,0)
along two axes, a horizontal x-axis representing east
west and a vertical y-axis representing north south. A
map projection transforms latitude and longitude to
x,y coordinates in a projected coordinate system.
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Coordinate systems

• Spherical coordinate systems
– Latitude & Longitude
– Sphere-like surface

Cartesian coordinate system
Using x, y coordinate values 
2D, planar surface

4



• Projection: a way of showing the earth on 
a flat surface.

Globes and Map Projections
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Map projection
What is a Map Projection?

• Methods to convert the 3-D earth surface to a 2-D planar 
surface

• Can be used to represent the whole earth surface or only a 
portion of it based on different objectives

• Map projection process causes distortion. It will distort one 
or more of the following four spatial properties
– Shape
– Area
– Distance
– Direction
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Map projection
What is a Map Projection?

For small areas, such as a city or county, the distortion
will probably not be great enough to affect your map or
measurements. If you’re working at the national,
continental, or global level, you’ll want to choose a map
projection that minimizes the distortion based on the
requirements of your specific project
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When do you need a Map Projection?
1. If you are using measurements to make important 

decisions
2. To accurately compare the shape, area, distance, or 

direction of map features.
3. To correctly align a feature layer with an image layer 

in ArcView.
4. To transform different map projections of many GIS 

data sources to an unified map projection in a GIS 
database,

5. To adjust errors which occur at map digitization due to 
distortion of the map measured,

6. To produce geo-coded image by integrating GIS data 
and remote sensing imagery.

Map Projection (Basic Concepts)
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Types of projections
• Cylindrical projections

– Longitude lines are 
parallel and  equally 
spaced

– Latitude lines are 
parallel and with varied 
space

Conic Projections
Longitude lines 

appear as radial 
lines and meet at the 
conical apex

Latitude lines appear 
as a set of rings

Azimuthal/Planar Projections
Longitude lines appear as 

radial lines from the pole
Latitude line appear as 

concentric circles
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some hints to help you choose the best projection for 
your map:

1. When representing a very large area on a small map 
scale an Equal-Area map is preferable.  This will result 
in a realistic representation of the relative size of 
different regions.

2. Equal-Area projections are also commonly used for 
landcover, landuse, or population density mapping.

3. For mapping circular regions or Polar Regions such as 
the whole of the Antarctic, an Azimuthal Planar
projection is appropriate.  This is because distortion will 
increase equally in all directions from the centre 
outwards.

4. Planar projections are capable of demonstrating "great 
circle routes" which are the shortest paths between two 
points on the Earth.  This information is most useful in 
air navigation, because aircraft usually travel along

Map Projection (Choosing the Best Projection):
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For an elongated region, either a Conic or Cylindrical 
projection may be appropriate.  The Mercator projection 
(now rarely used for world mapping) is a Cylindrical 
projection, but results in significant distortions of the 
relative size of continents. However, the Mercator 
projection is Conformal, therefore it is excellent for 
navigational purposes, but only preserves local shapes.

5.   For East-West extended maps, a Conic projection is 
recommended since distortion will be at a minimum along 
lines of latitude.

6. Countries in the mid-latitudes are best represented by a 
Conical projection (places like North America, the Former 
Soviet Union, and Europe).  The result is less overall 
distortion of land and water areas.  The Lambert 
Conformal Conic projection is a commonly used Conic 
version.

Map Projection (Basic Concepts)
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Differences between map projections
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Datum:
A datum is a mathematical representation of the shape

of the earth’s surface. A datum is defined by a spheroid,
which approximates the shape of the earth and the
spheroid’s position relative to the center of the earth. There
are many spheroids that represent the shape of the earth
and many more datums based on them.
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Shape of the Earth

We think of the 
earth as a sphere

It is actually a spheroid, slightly 
larger in radius at the equator than 

at the poles
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Spheroid and Datum
• Spheroid

– A three-dimensional shape
– Similar to a sphere
– Not a perfect sphere
– Some standard spheroids

• Clarke 1866
• GRS80…

Datum
A point of reference 

measuring locations on the 
earth surface

Define the origin and 
orientation of the latitude and 
longitude

Earth-centered and local 
datum

Same Datums:
NAD27…
NAD83. 15



Latitude:

• lines that run east and west, but measure 
north and south 
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Longitude:

• lines that run north and south, but 
measure east and west
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Equator
• 0 latitude
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Prime Meridian:

• 0 longitude line that runs from the north 
pole to the south pole
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Thank You
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