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Lesson 5:  Map Scale and Projections

Map Scales
Projections

Organizing Data and Information

• Information can be organized as lists, numbers, tables, 
text, pictures, maps, or indexes.

• Clusters of information called data can be stored 
together as a database.

• A database is stored in a computer as files.

The GIS Database

• In a database, we store attributes as column headers and 
records as rows.

• The contents of an attribute for one record is a value. 
• A value can be numerical or text.

Attributes have units
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Models of the Earth

The earth can be modeled as a 

–sphere, 
–oblate ellipsoid
–geoid

Earth Shape: Sphere and Ellipsoid

The Spheroid and Ellipsoid

• The sphere is about 40 million meters in 
circumference.

• An ellipsoid is an ellipse rotated in three dimensions 
about its shorter axis.

• The earth's ellipsoid is only 1/297 off from a sphere.
• Many ellipsoids have been measured, and maps 

based on each. Examples are WGS84 and GRS80.

Earth as Ellipsoid
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Earth Models and Datums

Sea Level

Terrain

Geoid

Ellipsoid

Sphere

The Datum

• An ellipsoid gives the base elevation for mapping, 
called a datum. 

• Examples are NAD27 and NAD83.
• The geoid is a figure that adjusts the best ellipsoid 

and the variation of gravity locally.
• It is the most accurate, and is used more in geodesy 

than GIS and cartography.

Geoid
Map Scale

• Map scale is based on the representative fraction, the ratio of a 
distance on the map to the same distance on the ground.

• A GIS is scalelessbecause maps can be enlarged and reduced 
and plotted at many scales other than that of the original data.

• To compare or edge-match maps in a GIS, both maps MUST be 
at the same scale and have the same extent.

• The metric system is far easier to use for GIS work.
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Geographic Coordinates The Prime Meridian (1884)

Geographic Coordinates

• Geographic coordinates are the earth's latitude and 
longitude system, ranging from 90 degrees south to 90 
degrees north in latitude and 180 degrees west to 180 
degrees east in longitude.

• A line with a constant latitude running east to west is called 
a parallel.

• A line with constant longitude running from the north pole 
to the south pole is called a meridian. 

• The zero-longitude meridian is called the prime meridian 
and passes through Greenwich, England.

• A grid of parallels and meridians shown as lines on a map 
is called agraticule.

Geographic Coordinates as Data
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Map Projections

• A transformation of the spherical or ellipsoidal earth onto a flat map 
is called a map projection.

• The map projection can be onto a flat surface or a surface that can 
be made flat by cutting, such as a cylinder or a cone. 

• If the globe, after scaling, cuts the surface, the projection is called 
secant. Lines where the cuts take place or where the surface 
touches the globe have no projection distortion.

Map projections

No flat map can be 
both equivalent and 

conformal.

Map Projections (ctd)

• Projections can be based on axes parallel to the earth's 
rotation axis (equatorial), at 90 degrees to it (transverse), or
at any other angle (oblique).

• A projection that preserves the shape of features across 
the map is called conformal.

• A projection that preserves the area of a feature across the 
map is called equal area or equivalent.

• No flat map can be both equivalent and conformal. Most fall 
between the two as compromises.

• To compare or edge-match maps in a GIS, both maps MUST 
be in the same projection.
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Standard parallels Secant map 
projections

Variations on the Mercator (pseudocylindrical ) projection 
shown as secant

Coordinate Systems

• A coordinate system is a standardized method for assigning 
codes to locations so that locations can be found using the 
codes alone.

• Standardized coordinate systems use absolute locations.
• A map captured in the units of the paper sheet on which it is 

printed is based on relative locations or map millimeters.
• In a coordinate system, the x-direction value is the easting 

and the y-direction value is the northing. Most systems 
make both values positive.
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Coordinate Systems for the US

• Some standard coordinate systems used in the 
United States are 
– geographic coordinates
– universal transverse Mercator system
– military grid
– state plane 

• To compare or edge-match maps in a GIS, both 
maps MUST be in the same coordinate system.

UTM zones in the lower 48

Military Grid Coordinates GIS Capability

• A GIS package should be able to move between 
–map projections, 

–coordinate systems, 

–datums, and 
–ellipsoids.
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Geographic information

• Characteristics 
–volume
–dimensionality
–continuity

Building complex features

• Simple geographic features can be used to build more 
complex ones. 

• Areas are made up of lines which are made up of points 
represented by their coordinates.

• Areas = {Lines} = {Points}

Areas are lines are points are coordinates Properties of Features

• size 
• distribution
• pattern
• contiguity
• neighborhood
• shape
• scale
• orientation.
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Basic properties of geographic features


