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Topics for this session:
Geographic Coordinate Systems
Projections
Projected Coordinate Systems
Geocoding
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Some Geography - a motivation

It’s important to learn some geography to:
Visualise data sensibly
Be able to use data from multiple sources in the same map and have
everything line up
Know that our geo-calculations make sense
Understand what any messages from ArcGIS about
projections/coordinate systems mean.
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Geographic Coordinate Systems
Any point on the surface of the earth can be described using a latitude and
longitude:

Latitude:
Parallel lines which describe North/South distance from the equator
Longitude:
Lines which describe East/West distance from the (arbitrary) ‘prime
meridian’
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Geographic Coordinate Systems
When we express positions in terms of a latitude/longitude, we are using a
Geographic Coordinate System.
A geographic coordinate system is defined by:
A unit of measure (e.g. degrees)
A prime meridian (i.e. where the 0 degree longitude line is)
A datum which describes a model of the earth’s surface [parameters of
a spheroid]
There are a huge number of different geographic coordinate systems. Why?
History
A spheroid which fits the earth well in one place does not necessarily
do well in others - the earth isn’t a regular shape. Picture
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Geographic Coordinate Systems
A spheroid which fits the earth well in one place does not necessarily do
well in others:

What we are after is a good model of the earth that we can use as a basis
for calculations.
A ‘local datum’ is designed to do well at a particular area, a ‘earth-centered
datum’ is designed to do ok everywhere on average.
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Geographic Coordinate Systems
Different geographic coordinate systems assign different latitude/longitude
values to the same point on earth!
Look on a UK Ordnance Survey map and the Greenwich Royal
Observatory is precisely at 0 degrees longitude [as agreed in 1884]
But take your GPS to the Royal Observatory and you will see a
longitude of 0°0’ 5.2"West.
This is because GPS devices uses the WGS1984 coordinate system,
but British maps use OSGB1936.
But the difference is only small - OSGB1936 coordintes disagree with
WGS1984 coordinates by up to about 100m in the UK.
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Geographic Coordinate Systems
Some common Geographic Coordinate Systems:
NAD 1983 - good for North America
OSGB 1936 - good for Great Britain
European Datum 1950 - good for ‘continental’ Europe
WGS 1984 - ‘earth-centered datum’ used by GPS. This is becoming
somewhat of a standard.
ArcGIS can transform coordinates between different Geographic Coordinate
Systems. e.g. the transformation NAD_1983_To_WGS_1984_1 can be
used to transform coordinates between NAD1983 and WGS1984.
You often need to do some research to know exactly which transformation
is most accurate: see http://resources.arcgis.com/de/help/main/
10.2/003r/pdf/geographic_transformations.pdf
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Aside: How to measure your latitude, at noon, on an equinox

90 - φ
φ
N

S

At the equator, the sun is
directly overhead at noon

N

S

The sun is always at its
highest point at noon
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Aside: How to measure your latitude, at other times of year
At other times of the year, the poles are tilted towards/away from the sun.
Size of this tilt (up to 23 degrees) is the “angle of declination”

d 90 - d
d

φ+d
S

N

At the equator, angle
between sun and horizon is
just the angle of declination

90 - φ-d
φd

S

N

If you know the current angle of
declination, you can work out your
latitude
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Aside: How to measure longitude
Note so easy! One method:
Can measure the difference in longitude between two points by the
time difference between them
360 degrees and 24 hours – every hour difference corresponds to 15
degrees
So if ’noon’ (sun at its highest point) happens at time T in location X
and time T + 1 in location Y, those points are 15 degrees of latitude
apart
This requires accurate clocks. First developed in the 18th century – up
until then, longitude not reliably measurable at sea.
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Projections
In order to draw a map, we need to represent the earth’s surface onto a
plane:
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Projections

The fundamental problem: a sphere’s surface cannot be represented
on a plane without distortion (Euler’s theorem)
Map projection: a transformation of latitude/longitudes into points on
a plane. There are 1000s of different ways of doing this.
When choosing a map projection, we are choosing what kind of
distortion we will accept, and on what areas of the map:
I
I
I

areas
distances
shapes
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Projections introduce distortion
As an example, see how the following (orthographic) projection distorts
distances: the green segments on the curved surface all have the same
length but on the projection they vary
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Example: The Mercator Projection (1)

Features: preserves angles in a way that makes maps ideal for
navigation.
But massively distorts areas: Greenland shown as large as Africa,
actually 14 times smaller
Invented in 1569 by Flemish cartographer in 1569. Fell out of fashion,
but amazingly back in use today due to Google Maps!
But otherwise poor choice for showing map of the world

15 / 31

Example: The Mercator Projection (2)
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Tissot’s indicatrix
Tissot’s indicatrix provides a way to characterise distortions
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Tissot’s indicatrix - Mercator Projection
The Tissot ellipses demonstrate that the Mercator projection is shape
preserving (‘conformal’)- circles stay circles:
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Projected Coordinate Systems
Projected coordinate systems describe positions on a 2D surface in
terms of X and Y. Unit of measurement is usually the meter. They are
the result of applying a projection to data in a Geographic Coordinate
System.
All feature or raster data has some metadata attached which describes
the coordinate system it is in [without this metadata the data is
useless]. Go to Layer Properties → Source to see it.
ArcGIS will display your map according to the Coordinate System of
the ‘Data Frame’. Right Click on ’Layers’ → Properties to set this.
If there are layers in different coordinate systems to the data frame in
the map, ArcGIS will re-project them ‘on the fly’.
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Projection Types

Equal area projections preserve area (example: cylindrical equal area)
Equidistant projections preserve distances either from a given point or
along all parallels (example: equidistant cylindrical)
Azimuthal projections preserve direction from a given point (example:
stereographic)
Conformal projections preserve shape/angles (example: Mercator)
Compromise projections try to generally minimize all types of
distortion (example: Robinson)
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Exercises – projections for the world
Load “Projection Example.mxd” and explore different map projections
by changing the Data Frame’s Coordinate System.
Turn the Grid and Tissot layers on and off to see the distortions that
each of these makes. You can also add the ’Countries’ layer (and make
it transparent?).
You might try:
I
I
I
I
I

I

I

WGS 1984 World Mercator (good for sailing..)
Winkel Tripel (compromise projection used by Nat Geo)
Fuller (also known as dymaxion)
Cylindrical Equal Area (preserves area)
Equidistant Cylindrical (see http://www.progonos.com/furuti/
MapProj/Dither/CartProp/DistPres/distPres.html)
A modified Azimuthal Equidistant - set the Central Meridian to 11.577
and the Latitude to 48.137. Straight lines from Munich now show the
shortest (i.e. greatest circle) route between points.
For West Wing fans: create a modified Cylindrical Equal Area with the
standard parallel set to 45 degrees, equivalent to Peter’s projection.
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Which do you prefer...?

What Your Favourite Map Projection Says About You:
http://xkcd.com/977/
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Projected Coordinate Systems for small areas
Over small areas, the distortions introduced by projections are typically
much smaller
When displaying a small area, use a PCS designed to minimize
distortion in that area.
For the USA we might use the ‘NAD 1983 Contiguous USA Albers’.
[Show this on the Starbucks map from last week and then on the
world map.]
The UTM system divides the world into sixty zones and specifies a
different Tranverse Mercator projection in each (why was a Mercator
projection chosen?). Zone 32N good for Germany.
For Germany DHDN 3 Degree Gauss Zone 3 also used widely.
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Reprojection
Reprojection is the process of changing data from one PCS to another.
Internally, the data is ’unprojected’ into a GCS, transformed if
necessary into a new GCS and then newly projected into the target
PCS.
As we have seen, ArcGIS automatically reprojects data for display.
If the underlying Geographic Coordinate System is different to the
GCS that underlies the new projection, ArcGIS will ask us to specify
the transformation .
But sometimes we want to change the projection of the underlying
data.
For example, say we want to calculate the distances from Munich to a
bunch of far away cities. Then we want a projection that preserves
distances from Munich - e.g. an Azimuth Equidistant centred on
Munich.
Or if we are calculating areas, we want to get the data into an equal
area projection
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Projection Tool in ArcGIS
We can use the ’Project’ tool to reproject feature data or the ’Project
Raster’ tool to reproject Raster data
Access tool via the ArcToolbox or by Search window:
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Projection Tool

26 / 31

Dealing with missing/incorrect coordinate information

Sometimes (depressingly often), you might download data with
missing or incorrect coordinate information. In this case, you can use
the ’Define Projection’ tool to overwrite the coordinate system
information for a given feature file.
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Exercise
1

2

3

4

5
6

Create a Shapefile of Texas by exporting data from ’USA contiguous
counties’ from session 1 (Hint: you can do this by selecting the
appropriate features and then right clicking on the layer and selecting
Data → Export)
Start a blank map and import your new Shapefile. Change the
coordinate system of the data frame to NAD 1983 Contiguous USA
Albers. Take care of the transformation from WGS 1984! Use
NAD_1983_To_WGS_1984_1
Now create a second data frame (Insert → Data Frame). Change the
coordinate system of that data frame to NAD 1983 Texas Centric
Mapping System Albers
Activate the new data frame (Right click on ’New Data Frame’ →
Activate) and drag your Texas layer into it.
Flip back and forward between the data frames – see the difference?
Use the Project tool (ArcToolbox → Projections and Transformations
→ Feature → Project) to save a Shapefile with Texas in the NAD
1983 Texas Centric Mapping System Albers system.
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Map Projection Resources

’Cartographical Map Projections’: http://www.progonos.com/
furuti/MapProj/Normal/TOC/cartTOC.html
’Understanding Map Projections’: http:
//www.skidmore.edu/gis/Understanding_Map_Projections.pdf
’Notes on Mercator’: http://luckytoilet.wordpress.com/2010/
11/07/notes-on-mercators-projection/
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Geocoding

Geocoding is the process of converting addresses (“Ludwigstr 28,
München” into coordinates)
This process requires a database of addresses, of streets and of
coordinates. If you have one of these, you can use ArcGIS’s geocoding
tools.
But the simplest thing to do is to use a Geolocator outside of ArcGIS.
I recommend the interface at
http://www.gpsvisualizer.com/geocoder/. It can make use of
Google, Bing, or MapQuest’s geolocators. You will need to sign up for
an API key to do geocode than a handful of addresses.
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Wrapping up...

I look forward to hearing your feedback about today’s session
Next session
I
I
I
I

Geoprocessing tools
Working with Raster Data
Raster analysis
Replications
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