


This Session’s Outcomes 

•  By the end of this session you should… 
1.  Understand the differences between vector & raster data. 

2.  Understand spatial data & how it related to aspatial data. 
3.  Have some ideas about what makes for a good map. 



Spatial Data 

Jon Reades 



THE FUNDAMENTALS  
OF SPATIAL DATA 



Strong Data Typing 

•  In Excel we can quickly convert between Numbers, 
Strings & Dates/Times just by changing the 
‘Format’ of the Cell. 

•  In ArcGIS we will have to be much more precise 
about the data type, and we will have some new 
types of data to wrestle with… 



New Types of Data 

•  Computers have 2 basic ways of handling image 
data: 
•  Vector: think drawing and lines (boundaries, roads, etc.). 
•  Raster: think photography and pixels (satellites, etc.). 

•  Why does this matter? 
•  Vector data has ‘infinite’ resolution. 

•  Raster data has limited resolution. 

•  Looking over to the world of design, Adobe makes 
two graphics products, one for each type of work: 
•  Illustrator is designed to work with vector data. 

•  Photoshop is designed to work with raster data. 



Vector vs. Raster 

Illustrator (100%) Photoshop (100%) 



Vector vs. Raster 

Illustrator (600%) Photoshop (600%) 



Vector vs. Raster 

Illustrator (600%) Photoshop (600%) 

Each ‘observation’ 
is part of a uniform 

grid and has a 
unique value. 

An ‘observation’ is a 
complete ‘thing’. 



Vector vs. Raster 

Illustrator (600%) Photoshop (600%) 

Attribute values 
are associated 
with each part 

of the grid. 

Attribute values 
are associated 
with the entire 

object. 



Vector vs. Raster 
Base Map 

Vector Map Raster Map 
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Vector Data Types 
•  There are three basic types of vector ‘object’: 

•  Points: a specific coordinate in space  
(e.g. Latitude & Longitude or National Grid). 

•  Lines: a line between two points in space  
(e.g. a road or a transect). 

•  Polygons: a closed line containing an area in space  
(e.g. a MSOA, an island, or a region). 
Note: this type can also contain holes! 



Vector Data Types 
•  All of these can be single-part or multi-part: 

•  Single-part: an object or ‘feature’ is composed of a single, 
contiguous point, line, or polygon. 

•  Multi-part: an object or ‘feature’ is composed of more than 
one point, line, or polygon and they do not need to be 
contiguous (e.g. the Isle of Wight is part of the South East 
of England, but not attached to it). 



Vector Data Types 
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Thinking About Spatial Data 
•  An object is composed of one or more fundamental 

geographical units: 
•  A point is composed of one or more points. 
•  A line or polygon is composed of one vertex or several 

vertices. 
•  A raster image is composed of one or more pixels. 

•  However, a geographic data file has to know ‘in 
advance’ what type of data it will hold. 
•  You cannot throw together points, lines, polygons & raster 

data into a single file! 



Thinking About Spatial Data 
•  These objects are usually called ‘features’: 

•  A point is a feature (e.g. a tree). 

•  A multi-part polygon is also a feature (e.g. a lake). 

•  A feature can have one or more ‘attributes’ associated 
with it: 
•  A tree might have species, girth, height, and estimated age 

as attributes. 
•  A lake might have name, maximum depth, and area as 

attributes. 
•  Attributes are any associated data to do with the feature 

(e.g. a unique id, population, coverage type, or area). 



Thinking About Spatial Data 
•  Comparing this to what we’ve already seen: 

•  An attribute is like a column in an Excel or SPSS file. 

•  A feature is like a row in an Excel or SPSS file. 

•  In fact, the only real difference between a geographic 
data file and a regular data file is this:  
•  There is (usually) a special field indicating the type of 

geographic unit (i.e. point, line, polygon). 
•  There is a special field that contains coordinates 

(‘vertices’) defining the location of the points, lines, and 
polygons. 



‘Hidden’ Spatial Data 

•  If it helps, you might want to think of mapping 
software as the mutant offspring of Microsoft Excel 
& Adobe Illustrator. 

Imagine that the spatial data (points, lines & 
polygons) are effectively ‘hidden’ in here. 



PROJECTING 
SPATIAL DATA 



All maps are inaccurate,  
the question is by how much? 



The Challenge of  
Displaying Spatial Data 



What is a Projection? 

•  There is no way to ‘properly’ show a 3D sphere on a 
2D map, so every map is an approximation. 
•  In other words, we project the sphere on to a flat surface. 

•  But it gets even uglier: 
•  The Earth is not a perfect sphere – it is deformed such that 

there is no one ‘right’ way to map the world. 
•  For mapping the entire planet we have many different 

approximations such as Mercator & Robinson. 
•  But individual countries have their own standards that are 

more accurate for the country than any global 
approximation (these are often known as State Plane 
systems or National Grids). 



2D Representation 

3D Representation 

Displaying Spatial Data 

•  So you need to a way to project the ‘true’ geographic 
coordinates on the reference 3D surface (the ‘geoid’) 
on to a selected 2D surface representation (the map). 

Geographic 
Coordinate 

System 

Projected 
Coordinate 

System 

Projection Conversion 



2D Representation 

3D Representation 

Displaying Spatial Data 

•  For work in Britain the most common formats are: 
•  Geographic: WGS84 and OSGB36 

•  Projected: Mercator (or others) and British National Grid 

OSGB 1936 
WKID: 4277 

(e.g. 51.81°, -0.81°) 

BNG 
WKID: 27700 

(e.g. 482207, 213411) 

Projection Conversion 

WGS 1984 
WKID: 4326 

(e.g. 51.81°, -0.81°) 

Web Mercator 
WKID: 102100 or 3857 
(e.g. -90046, 6766438) 

Trans-
formation 



The World in a Robinson Map 



The World in British National Grid 



Consequently… 

The choice of projection depends on what you’re 
mapping! Fortunately, most mapping 
applications come ready with a long list of 
choices. 



Which Projection? 

Source: http://imgs.xkcd.com/comics/map_projections.png  



DISPLAYING  
SPATIAL DATA 



Linking Spatial Data 

•  In order to display data on a map we need to link the 
non-spatial data to the appropriate spatial data file. 
•  So in our geographic file we have our points, lines, 

polygons or pixels. 
•  And in our non-geographic file we have our data values 

that we want to display. 
•  If we have at least one attribute that is the same in each file 

then we could join the data from the two files together. 



Linking Spatial Data 

•  Typically, joins are done using some kind of unique 
identifier. 
•  For work in London, this could be the MSOA code or the 

borough name. 
•  You usually  want to ensure that you only have a 1-to-1 

relationship (i.e. for each row in file #1 there is one, and 
only one, matching row in file #2). 

•  1-to-Many relationships are also possible, but there are 
surprisingly few cases where you would ordinarily do this 
(see: Ecological Fallacy). 



Shape file 

Linking Spatial Data 

FID Borough Region Country 

Data file Borough Population Z-Score LQ 

? 



Shape file 

Linking Spatial Data 

Join on Borough 

FID Borough Region Country 

Data file Borough Population Z-Score LQ 

Temporary 
Shape  
file Borough Population Z-Score LQ 

FID Borough Region Country 

To save a permanent version of joined shape file, right-click on the shape in the layer 
list and click ‘Data’ > ‘Export Data’ – this will export all of the combined fields. 



MAKING 
‘PRETTY’ MAPS 



What do you think makes for a good map? 



What Makes For a Good Map? 

•  Legibility. 
 
 

•  Suitability. 
 
 

•  Context. 



What Makes For a Good Map? 

•  Legibility. 
•  Mapping is so ‘easy’ now that it’s tempting to throw all of 

the data on the map and let the reader sort it out. 

•  Suitability. 
•  What task is the reader trying to perform with your map? 

Is it navigation (by foot, or by car)? Analysis? Impression? 

•  Context. 
•  What key references will they need to make sense of it? I 

don’t just mean a legend, north arrow, scale & title, I mean 
things like landmarks and waypoints. 



OS MiniScale® 

Useful for general reference and trip-planning, but not detailed enough for 
navigation. Emphasises town & cities, administrative units, and routes. Scale: 
1:1,000,000 (1cm = 10km). 



OS Travel Map® 
Useful for in-car navigation and tourism, but not detailed enough for travel by 
other modes. Emphasises neighbourhoods, attractions & main local routes. 
Scale: 1:250,000 (1cm = 2.5km). 



OS Explorer® 
Useful for outdoor activities such as cycling, hiking & walking. Emphasises 
terrain, basic landforms & built environment, and provides fine-grained route-
finding. Scale: 1:25,000 (1cm = 250m). 



OS Landplan® 
Useful for town- & master-planning, as well as basic 3D modelling of built 
environment. Scale: 1:10,000 (1cm = 100m). 



OS MasterMap® 
Useful for architecture since it enables fine-grained modelling of built 
environment. Can be linked to postcode and land-use data to provide detailed 
data on building use. Scale: 1:1,250 (1cm = 12.5m). 



A FEW QGIS MAPS 



The Ordnance Survey now offers QGIS ‘Styles’ that allow you to 
make OS-like maps! Source: http://thebiobucket.blogspot.co.uk/2013/09/quik-tip-for-austrian-qgis-users-how-to.html  



Source: Alasdair Rae 



Source: https://jamesjgleeson.wordpress.com/2013/01/23/dasymetric-map-of-londons-population-density-2011/  



Source: Alasdair Rae 



Source: ? 



Source: Jon Reades 



Source: http://anitagraser.com/2014/03/15/3d-viz-with-qgis-three-js/  



Inspiration 

•  Some places to find further ideas & inspiration: 
•  spatial.ly  

•  oobrien.com 
•  gicentre.net 

•  casa.ucl.ac.uk 
•  mappinglondon.co.uk  

•  flowingdata.com  

•  Reading: 
•  Yau, N., 2011. Visualize This: The Flowing Data Guide to 

Design, Visualization, and Statistics, John Wiley & Sons. 


