
Map projections 1: principles  

How can we ôprojectõ a 3D globe onto a 2D display? 

..only a globe maintains all spatial qualities without distortion  

 

Globes:   http://www.mapovasbirka.cz/english/index_eng.html 

 



What is a Map Projection?  
    
 a mathematical expression giving the 3D surface on a 2D map   
 

- Ellipsoids and Datums deal only with earth ôoblatenessõ      
                                                           
 
 

This process always results in distortion  



Why donôt planes fly on straight lines ï well they do é 

Air Canada flight routes  



The world could be mapped like orange peel é  
- not a problem locally, but it is for large areas  



http://boehmwanderkarten.de/kartographie/is_netze_globussegmente.html 

The world could be mapped like orange peel é 
the strips would still have some curvature  



12 pieces  
 
 
 
 
 
 
 
 
48 pieces  
 
becoming like  
UTM zones !  



é.hundreds of projections have been developed to 

suit a particular type of map / data.  

The distortion, flattening /stretching needs to be systematic  

 

It is literally ôprojectingõ the globe onto a map é 
  
 
The earliest projections  were by the ôancientõ Greeks 



I. Azimuthal (planar) projections  



    Thales, 500BC                        Hipparchus / Ptolemy        Hipparchus 125BC 

[Gnomon = pagan sundial]   

Azimuthal projections  



Projection Terms  
 
1. Scale Factor (SF)  
 
 
 

SF =     scale at any location /  
           divided by the 'principal scale'   
 
 
 

e.g. if   scale = 1:2 million and principal scale = 1:1 million  
 
then SF at that point =   1/2million divided by 1/1million    

                                  =   1/2    (0.5)  
 



e.g. where every line of latitude is equal in length   
 

SF along lines of latitude are:   equator SF = 1;        
 
at 60N/S, SF =2        at 90, SF = Ð 

The SF in the other direction (along meridians)  is 1 

0 

60N 

90N 



2. Developable surface:    

A two dimensional surface onto which the globe is projected  
 

          Conic               Cylindrical       Azimuthal (planar)  

 

Distortion increases with distance between the ôglobeõ and the surface 



Distortion increases with distance between the ôglobeõ and the surface 

   

 The standard line has a scale factor = 1  
                                        (it is often the line of contact)  
 

3. Standard Line    



4. 



5. Distortion :  é.  compared to the graticule: 
 

üLines of latitude are 'parallel' and evenly spaced.  

 

üMeridians converge at the poles,  

 (half the distance at 60º N/S).  

 

 

üScale factor is 1 in all directions.  

 

 



Distortion :  é.  compared to the graticule: 
 

üôGreat circlesõ are straight lines     

    e.g. meridians, equator, flight lines é but not any other parallels 

                òA great circle is a straight line in 3D space ñ 

Of all projections, only the polar gnomonic retains all great circles as straight lines 

 



Gnomonic 
projection  
 
Probably the 
worldõs oldest map 
projection ð 6th  
century BC  
 
 
 ð the only one 
that shows all 
great circles as 
straight lines  
 
(but cannot show one 
entire hemisphere)  



6. Projection properties 

 

A projection can preserve  

 

üAreas                or  

 

üShapes             or 

 

üDistances 

 

 

é..but never more than one 



a. Area  
 
A projection that maintains area is    equal area  
 
This is achieved by sacrificing shape: stretching in one direction to counter 

for earth curvature must be compensated  by compaction in the other.  
 
In other words, the product of the two Scale factors at any point in the two 

directions (N -S and E-W) =  1.0   (e.g      1 x 1,  2 x 0.5     etc..)  

Lambert Equal -Area projection  



b. Shape  
 
A projection that maintains shape is conformal  
 
For example a 2x2 square becomes a 1x1 or 4x4 square. Stretching in one 
direction is matched  by stretching in the other: that is, the scale factors 
are equal at a point in the two directions (i.e. there is 'equal -stretching').  

Circles (ñTissotôs Indicatrixò) -> 

 

These indicate the relative area 

compared to a standard area at the 

equator (the standard line) 

 

Hence a projection 

CANNOT preserve both 

shape AND area 



Azimuthal 
equidistant map  

Projection 
properties: 
c. Distance  
 
Distances can be 
correct in one 
direction  from a 
line or all directions 
from a point  
 
In these cases, 
the projection is 
termed 
equidistant  





Great circles= straight lines          Conformal (shape)           ôView from spaceõ 

         Thales 500BC                 Ptolemy  125BC                Hipparchus 150BC  

I. Azimuthal projections  



First map of Mars, 1867  

Dark / light = land / ôseaõ .. Lines were called ôcanalsõ é names from geography 



Photomosaic 1960 (pre -NASA): Orthographic projection  
Like Earth, 

longitude zero is 

arbitrary ï a 

feature is chosen 

 

The Prime 

Meridian of the 

Moon lies directly 

in the middle of the 

face of the moon 

visible from Earth.  

 

 



Azimuthal 
equidistant map  

centred on St. 
Johnõs, NL 



II. Cylindrical Projections  16 th  century  
 
for early world maps  
-They fill a rectangular shape  
 



Mercatorõs Projection 1569 ð conformal = shape -preserving  



All ôstraight linesõ have constant compass  

Bearings   = Rhumb lines  

It became known as the òNavigatorõs friendó 


