Map projections 1: principles
How can we Oprojecto a 3D g

..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

-El'l 1T psoi ds and Datums deal on

This process always results in distortion



Why donot planes flweloln tshewni
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Air Canada flight routes



The world coul d be
- not a problem locally, but it is for large areas




The world could be mapped
the strips would still have some curvature

http://boehmwanderkarten.de/kartographie/is_netze globussegmente.html



12 pieces

48 pieces

becoming like
UTM zones !
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. hundreds of projections

sult a particular type of map / data.

The distortion, flattening /stretching needs to be systematic

It 1 s |1 terally Oprojectingo

The earl i est projections were by t



|. Azimuthal (planar) projections

Azimuthal projection




Azimuthal projections

Thales, 500BC Hipparchus / Ptolemy Hipparchus 125BC
INFINITY
GNOMONIC STEREOGRAPHIC ORTHOGRAFPHIC

[Ghomon = pagan sundial]



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:

at 6O0N/S, SF =2

equator SF = 1,
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The SF in the other direction (along meridians) is 1
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2. Developable surface:

A two dimensional surface onto which the globe is projected

Conic Cylindrical Azimuthal (planar)

Di stortion i ncreases with distance b



3. Standard Line

Di stortion increases wWith distance be

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



Projection Orientation

Cviindrical projeciions:
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NORMAL TRANSVERSE OBLIQLUE

Planar projections aspecis:

POLAR EQUATORIAL OBLIQUE



5. Distortion : &. compared to the grat

U Lines of latitude are 'parallel' and evenly spaced.

U Meridians converge at the poles,
(half the distance at 60° N/S).
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Distortion : . compared to the gratic:

U0 Gr eat aréstraghtliees O

e.g. meridians, equator, flight Iines
OA great <circle iIis a m®mtraight 1 ine

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




Gnomonic
projection

Probably the
worl dos
projection o6t
century BC

dthe only one
that shows all
great circles as
straight lines

(but cannot show one
entire hemisphere)




6. Projection properties

A projection can preserve

U Areas or
U Shapes or
U Distances

e. . but never

mor e
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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 -Sand E-W)= 10 (eg 1x1, 2x0.5 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').
ST e
Circles (ATissetods | Qéhtcat rszxo)

These indicate the relative area _ :
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Hence a projection mm'

CANNOT preserve both AN

compared to a standard area at the

shape AND area



Projection
properties:
c. Distance

Distances can be
correctin one
direction from a

line or all directions
from a point

In these cases,
the projection is
termed
equidistant

Azimuthal
equidistant 1




GUELKE’S EQUIDISTANT PROJECTION TELLS YOU
EXACTLY HOW FAR IT IS FROM ANYWHERE ON

EARTH TO
TORONTO,
ONTARIO,
CANADA.

IN ORDER
TO ACHIEVE
THIS FEATURE,




|. Azimuthal projections

INFINITY
GNOMONIC STEREOQOGRAPHIC ORTHOGRAPHIC
Great circles= straight lines Conf or mal (shape)

Thales 500BC Ptolemy 125BC Hipparchus 150BC



First map of Mars, 1867

A CHART OF MARS,

Latd down on e Stereographic Projection
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Photomosaic 1960 (pre -NASA): Orthographic projection
Like Earth, SAY LUNAR TETEMNCE HOS)

longitude zero is
arbitrary 1 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.
Johnos,

Mhis is an AZIMUTHAL EQUIDISTANT PROJECTION centred on
3. John's, Newfoundiand  Only distances and directions
neaswred afong straight lines radiating from the centre are frue
Vi straight ines passing through St John's are great Gircles.
Jeformation of the earth surface increases outward from the
enire and measuraments taken cther than through the cenire
v inaccurate
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ll. Cylindrical Projections 16t century

for early world maps
-They fill a rectangular shape

Mercator projection
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Al | O0straight |l inesdd have con

Bearings = Rhumb lines

|t became known as the oONavigator ds
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—  Rhumb Line 3290 NM
- e == (Great Circle 3150 NM



