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Map projections: transforming the spherical Earth into two dimensions.

Why?
It is easier to carry around a map than a globe(!)
Globes are best representations of the Earth, but only available at small scales.
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The chosen features and their representation, and scale of a map, all depend on its

purpose. This also goes for map projections.
\
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|
l‘;!_g‘\ S Projections are useful, but introduce errors into
| //ll‘@*"“*ﬁ‘l\\\\ spatial data.

W/ AL o =\ " & |
/[lﬁ“?ﬂ!ﬂ.“‘“ Choose projection type either to preserve:

g i-a (a) distances between spatial entities
/’.’EH‘L’ h“‘\\\ (distorting directions),
\‘ll- b | 1 | |=> (b) shape of entities (distorting areas).
Different projections are used to best display the
information you would like to emphasize (key to |
a GIS!).
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B Equirectangular
\
|
|

The Equirectangular projection (also called the equidistant cylindrical projection)
maps meridians to vertical straight lines of constant spacing (for meridional intervals
of constant spacing), and circles of latitude to horizontal straight lines of constant
spacing (for constant intervals of parallels).

\
\
Problems?
\
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The Equirectangular projection (also called the equidistant cylindrical projection)
maps meridians to vertical straight lines of constant spacing (for meridional intervals
of constant spacing), and circles of latitude to horizontal straight lines of constant

which any angle on Earth is preserved

i in the image of the projection. Advantages?
|
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spacing.(for constant intervals of parallels). The projection is neither equal area nor
\

@ A conformal map projection is one in |
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~ Spherical Coordinates and map projections
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The Equirectangular projection (also called the equidistant cylindrical projection)
maps meridians to vertical straight lines of constant spacing (for meridional intervals
of constant spacing), and circles of latitude to horizontal straight lines of constant
spacing (for constant intervals of parallels). The projection is neither equal area nor
conformal. Because of the distortions introduced by this projection, it has little use in
navigation. However, it has become a standard for global raster datasets because of
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The Mercator projection is a 16th century cylindrical map projection used for
nautical purposes because of its ability to represent lines of constant course as
straight segments that conserve the angles with the meridians. Although the linear
scale is equal in all directions around any point, thus preserving the angles and the
shapes of small objects (which makes the projection conformal), the Mercator
projection distorts the size of objects as the latitude increases from the Equator to
the poles, where the (latitude and longitude) scale becomes infinite.



Y Sphericcﬂ Coordinates and map projections
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— By Peter Mercator - Own work; CE/BY-SA3.0, — — — — — — - central— — — — — — — — — — — meridian -throughpf — — — — |
https://commons.wikimedia.org/w/index.php?curid=20168429 meridian |



Eckert IV
Kavrayskiy VI

Eckert VI
Mollweide

Goode homolosine
Tobler hyperelliptical

By‘ Strebe - Own work, CC BY-SA 3.0, https://commons.wikimedia.org/w/index.php?curid=16115353



~ Universal Transverse Mercator(UTM)
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| UTM Zone Numbers ; e, |
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7 = S e PR ree . |each latitude band is 8
_ . f 24 |
| éIéIéIglélgléulélmyéuulIIgm14uLIél¢1¢14|¢l¢lgl¢lél¢lélé degrees high and denoted,
Universal Transverse Mercator (UTM) System ~N pax by letter.
(System changes at
\ Poles.) \
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*‘ “Mercator projection = Transverse Mercator projection
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British maps adopt a
Transverse Mercator
projection with an origin (the
"true” origin) at 49° N, 2° W
(an offshore point in the
English Channel which lies
between the island of Jersey
and the French port of St.

Malo). A (the) National Grid |s‘
placed with a new false origin:
to eliminate negative numbers‘

creating a 700 km by 1300 krn

grid. This false origin is located

south-west of the Isles of
Scilly.

Mercator projection

Transverse Mercator projection |




~ Universal Transverse Mercator(UTM)

State Plane Coordinate‘System
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|
Divides the U.S. into
a hundred or more distinct grid surfaces (Zones).

|
|
Used for local surveying and engineering applications, but isn't used if crossing state
lines.
|
|
|

|
Number of zones in a state is usually determined by area the state covers.
77‘777777777; 777777777777777777777777777777777777



~ Universal Transverse Mercator(UTM)

State Plane Coordinate'System

California: Zones drawn
along county boundaries.
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Most state plane zones are based on either a transverse Mercator projection or a Lambert conformal conic
projection. The choice between the two map projections is based on the shape of the state and its zones.
Sﬁates that are long in the east—west direction are typically divided into zones that are also long east—west.
These zones use the Lambert conformal conic projection, because it is good at maintaining accuracy along
an east—west axis, due to the projection cone intersecting the earth's surface along two lines of latitude.
Zones that are long in the north—south direction use the Transverse Mercator projection because it is better at
maintaining accuracy along a north—south axis, due to the circumference of the projection cylinder being

~ oriented along a meridian of longitude.



~ Universal Transverse Mercator(UTM)

\
When to / why use Spherical or
Rectangular Coordinate Systems? 137 e

UTM (Universal Transverse Mercator) and S
State Plane (SPCS) provide constant
scale relationship:

— SPCS: 1:10,000

- — UTM: 6x8 deg grid

Latitude and Longitude: distance covered
by a degree of longitude differs as you
move towards the poles.

No negative numbers for UTM and SPCS
and decimal based coordinates (base-10
metric vs base-60 coordinate system).

| ‘
Consider area of map?

- — Long distances -> Lat/Lon panENG ®7g >
— Short distances -> UTM, SPCS e
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|
~ Spherical Coordinates and datums
\
Coordinate systems are
relative to the center of Earth
and use a height system
relative to the surface of the
Earth.

This poses two immediate
problems:

— Where is the center of the Earth?
— What is the shape of the Earth?




|
Spherical Coordinates and datums
|
\
Coordinate systems are

relative to the center of Earth /‘am’ﬁ_i“-‘\

and use a height system ” ﬁfﬂgﬁ‘\\\

relative to the surface of the /Ilﬂéglg-“

Earth. /][] s !lll\\
ll!llﬁﬂ -===|\

This poses two immediate
problems:

— Where is the center of the Earth?

— What is the shape of the Earth?
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Spherical Coordinates and datums

Coordinate systems are relative to
the center of Earth and use a
height system relative to the
surface of the Earth.

This poses two immediate
problems:
" —Where is the center of the Earth?

| . Perfect Sphere Oblate Ellipsoid (Spheroid) Earth's
- — What is the shape of the Earth? = A\ surface
7 Semimajor axis
mean sea level (Geoid). V(i
- g - : ‘ the Earth's mass
Since this is not very practical to o) ( e LU S \ |
: i Semiminor axis (b ‘
WOI"k Wlth aS a mOdel an elllpSOId -‘_ Ggﬁfg;glréc E:Siniasure:i fro;r(ll)
R0 the center o
is used for approximation . e
(WGS84). ~—
Ellipsoid
vertical

Zenith

Earth's surface

|
\
|
|
\
\
|
|
\
\
\
|
|
\
|
2= |
We define the surface of Earth at S
|
|
|
|
|
\
|
\
\
|
|
\
|
|




~ Spherical Coordinates and datums :

Height

The center and orientation of the Jeight

ellipsoid is called the datum.

|
Points on the ground are fixed to
the ellipsoid to define the datum. Sea Level

This is a problem because S ——
continental drift moves the points

on the ground that are used to
define the points on the ellipsoid.

This is why the name of a datum
usually have a year, referring to the

— s —— —

Perfect Sphere Oblate Ellipsoid (Spheroid) Earth's

surface

Y

Semimajor axis
(a) measured

from the center of
the Earth's mass

position of those points January 1st B lieLE \
e Gor i i Semiminor axis (b)
of that year (e.g. NAD27, NAD83). “Ellipsoid St

the Earth's
mass

Geoid

SR

Ellipsoid
vertical

Zenith

Earth's surface




~ Spherical Coordinates and map projections

State Plane Coordinate'System

Units of feet (NAD27) or
meters (NAD83).

California changed from 7
zones to 6 with NAD27 to |
NADS3.

] NAD 27tUnchanged NAD 83
NAD 83 Changes

Most state plane zones are based on either a transverse Mercator projection or a Lambert conformal conic
projection. The choice between the two map projections is based on the shape of the state and its zones.
Sﬁates that are long in the east—west direction are typically divided into zones that are also long east—west.
These zones use the Lambert conformal conic projection, because it is good at maintaining accuracy along
an east—west axis, due to the projection cone intersecting the earth's surface along two lines of latitude.
Zones that are long in the north—south direction use the Transverse Mercator projection because it is better at
maintaining accuracy along a north—south axis, due to the circumference of the projection cylinder being

~ oriented along a meridian of longitude.
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