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Spatial

Spatial Datasets



• use given spatial position 

• when?

– dataset contains spatial attributes and they have primary importance

– central tasks revolve around understanding spatial relationships

• examples

– geographical/cartographic data

– sensor/simulation data
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Spatial Datasets



Geographic Maps
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Cartography - Münster’s Geographia (1552)



Cartography - Johannes van Keulen (1679)



Cartography - Daniël Stoopendaal (1702)



Cartography - S. Augustus Mitchell (1867)



Cartography – 20th Century physical



Cartography – 20th Century physical

Interlocking marks

• shape coded

• area coded

• position coded

• cannot encode 

another attribute 

with these channels, 

they're "taken"



• show spatial variability of attribute ("theme")

– combine geographic / reference map with (simple, flat) tabular data

– join together

•region: interlocking area marks (provinces, countries with outline shapes)
– also could have point marks (cities, locations with 2D lat/lon coords)

•region: categorical key attribute in table

– use to look up value attributes

• major idioms

– choropleth

– symbol maps

– cartograms

– dot density maps
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Thematic maps



• use given spatial data

– when central task is understanding spatial 
relationships

• data

– geographic geometry

– table with 1 quant attribute per region

• encoding

– position: 
use given geometry for area mark boundaries

– color: 
sequential segmented colormap
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http://bl.ocks.org/mbostock/4060606

Idiom: Choropleth maps

http://bl.ocks.org/mbostock/4060606


Idiom: Choropleth maps

o Map in which areas are 

shaded, coloured, or 

patterned relative to a 

data attribute value

o e.g. Illiteracy in France 

(first choropleth map,
Charles Dupin, 1826)



Show contrast

Idiom: Choropleth maps



Idiom: Choropleth maps

India Heat Wave:

week of May 24-30, 

2015



Idiom: Choropleth maps

Uber wait times, 

SF



Idiom: Choropleth maps

http://smokymountains.com/fall-foliage-map/


Idiom: Choropleth maps

Show time



Beware: Population maps trickiness!
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[ https://xkcd.com/1138 ]

Idiom: Choropleth maps

• spurious correlations: most attributes just show 
where people live

https://xkcd.com/1138


Beware: Population maps trickiness!
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[ https://xkcd.com/1138 ]

Idiom: Choropleth maps

• spurious correlations: most attributes just show 
where people live

• consider when to normalize by population 
density

•encode raw data values

–tied to underlying population

•but should use normalized values

–unemployed people per 100 citizens, 
mean family income

https://xkcd.com/1138


Beware: Population maps trickiness!
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[ https://xkcd.com/1138 ]

Idiom: Choropleth maps

• spurious correlations: most attributes just show 
where people live

• consider when to normalize by population 
density

•encode raw data values

–tied to underlying population

•but should use normalized values

–unemployed people per 100 citizens, 
mean family income

• general issue

– absolute counts vs relative/normalized data

– failure to normalize is common error 

https://xkcd.com/1138


Idiom: Choropleth maps

https://vividmaps.com/us-economic-activity-split-in-half/

http://bl.ocks.org/mbostock/4060606




•  only use when central task is understanding spatial relationships

•  show only one variable at a time

•  normalize when appropriate

•  be careful when choosing colors & bins

•  best case: regions are roughly equal sized

24

Choropleth maps: Recommendations



• pros

–  easy to read and understand 

–  well established visualization (no learning curve) 

–  data is often collected and aggregated by geographical regions

• cons

–  most effective visual variable used for geographic location 

–  visual salience depends on region size, not true importance wrt attribute value

•  large regions appear more important than small ones

–  color palette choice has a huge influence on the result
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Choropleth maps: Pros & cons



• symbol is used to represent aggregated data (mark or glyph) 

–  allows use of size and shape and color channels

• aka proportional symbol maps, graduated symbol maps

• keep original spatial geometry in the background

• often a good alternative to choropleth maps

26

State population

Idiom: Symbol maps
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Idiom: Symbol maps with Glyphs



Idiom: Glyphs

Data as Time



Idiom: Glyphs

Mapping Earthquake



• pros

– somewhat intuitive to read and understand 

– mitigate problems with region size vs data salience

•marks: symbol size follows attribute value

•glyphs: symbol size can be uniform

• cons

– possible occlusion / overlap

•symbols could overlap each other

•symbols could occlude region boundaries

– complex glyphs may require explanation / training
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Idiom: Symbol maps Pros & Cons
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Greenhouse Emissions

Child Mortality

• interlocking marks: 
shape, area, and position coded

• derive new interlocking marks

– based on combination of original 
interlocking marks and new quantitative 
attribute

• algorithm to create new marks

– input: target size

– goal: shape as close to the original as 
possible

– requirement: maintain constraints

•relative position

•contiguous boundaries with their 
neighbours

Idiom: Contiguous cartogram



o Map in which areas are 

scaled and distorted 

relative to a data attribute 

value

o e.g. Land Area
(first cartogram, Emile 

Levasseur, 1868)

Idiom: cartogram











• uniform-sized shapes arranged in rectilinear grid

• maintain approximate spatial position and arrangement
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Idiom: Grid cartogram





Idiom: Grid cartogram



Obesity Map 

Vadim Ogievetsky

Idiom: Dorling cartogram



Idiom: Dorling cartogram

Obesity Map 

Vadim Ogievetsky



Idiom: Cartogram

Kohei Sugiura’s 

time map of Tokyo



https://worldmapper.org/maps/



• pros

– can be intriguing and engaging

– best case: strong and surprising size disparities

– non-contiguous cartograms often easier to understand

• cons

– require substantial familiarity with original dataset & use of memory

•compare distorted marks to memory of original marks

•mitigation strategies: transitions or side by side views

– major distortion is problematic

•may be aesthetically displeasing

•may result in unrecognizable marks

– difficult to extract exact quantities
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Cartogram: Pros & cons



• visualize distribution of a 
phenomenon by placing 
dots

• one symbol represents
a constant number of 
items

–dots have uniform size 
& shape

–allows use of color 
channel

• task: 
show spatial patterns, 
clusters
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Idiom: Dot density maps



Idiom: Dot density maps

Data as Points

data: categorical

encoding: colour



Idiom: Dot density maps





Idiom: Dot density maps



Idiom: Dot density maps

Data as Points



Idiom: Dot density maps

Data as Points

data: ordered/ 

quantitative

encoding: position, size



Idiom: Dot density maps



• pros

–straightforward to understand

–avoids choropleth non-uniform region size problems

• cons

–challenge: normalization, just like choropleths

•show population density (correlated with attribute), not effect of 
interest

–perceptual disadvantage: 
difficult to extract quantities

–performance disadvantage:
rendering many dots can be slow
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Dot density maps: Pros & Cons



• Binning is a great alternative technique for 
visualizing density when working with large 
data sets

• Sometimes aggregating the data tells a better 
story or uncovers new findings

• One method is hexagonal binning, which uses 
hexagon shapes to create a grid and develop a 
spatial histogram

• Binning is simple — it’s the number of points 
that fall within a rectangle or hexagon in a 
gridded surface

Idiom: Binning as an alternative to dot density maps

https://blog.mapbox.com/binning-an-alternative-to-point-maps-2cfc7b01d2ed

http://bl.ocks.org/mbostock/4060606


Map Projections

https://www.youtube.com/watch?v=vVX-PrBRtTY




A sphere tears 

when you 

flatten it



Many ways to tear it
van Wijk 2008



Map Projections

59

• mathematical functions that map 3D surface geometry of the Earth to 2D maps
• all projections of sphere on plane necessarily distort surface in some way
• interactive: philogb.github.io/page/myriahedral/ and jasondavies.com/maps/

http://philogb.github.io/page/myriahedral/
https://www.jasondavies.com/maps/






http://xkcd.c

om/977/



Projections Types

o Azimuthal: Preserves direction from a central point

o Authalic: Preserves area

o Conformal: Preserves angles / local shapes

o Others? Combinations?

Map Projections





Mental Maps



Mental Maps

Mental map exercises

o Where am I in the city?

o From here to there

o What’s around here?

o Where I went and what I did



Mental Maps

What’s so interesting about  these maps?

Taking note of people’s intuitive strategies – as landscape architects 

might use shortcuts taken by users or as park planners might in some 

cities after the snow.



Mental Maps

- Individually tailored “Made for an audience of one”

- In a moment, ephemeral



Mental Maps

Directions

- Steps

- Intermediate goals

- Progressive disclosure



Mental Maps

Efficient

- Edited, only necessary information

- Shorthand notation to accompany verbal description



Mental Maps

Rotate and distort

- Orientation eg. seaside maps

- Geography

- Geometry eg. ‘rectilinear correction’

- Scale

- Detail, ‘granularity’



Mental Maps

Supportive

- Annotated

- Error detection, “If you reach the toll road, you’ve gone 

too far”



Mental Maps



Mental Maps



The Image of the City – Kevin Lynch



The Image of the City – Kevin Lynch

Mental maps used by Lynch to isolate distinct features of a 

city and deduce their impact on public experience



The Image of the City – Kevin Lynch

Imageability, or legibility, of a place

Five elements

1. Paths  – routes

2. Edges  – other lines eg. shoreline

3. Districts  – realms

4. Nodes  – foci, centres

5. Landmarks – architectural, natural



Locate / Describe

Andrew McNally II
Photo-Auto Guide (c. 1907)

J.W.Jones
Jones-Live Map (1909) 

Mapping – systematically locating things

A map – representation of this



Locate / Describe

“A shift in perception is reflected in changing methods of mapping. Our 

knowledge of the world allows us to see it in different ways, and this 

manifests itself in new [graphic] representations.”

Emmet Connolly

Web developer, Google

blog.thoughtwax.com



LineDrive



LineDrive

o cartographic generalization techniques specifically designed to improve the 

usability of route maps

o The generalization techniques are based both on cognitive psychology 

research studying how route maps are used and on an analysis of the 

generalizations commonly found in hand drawn route maps

o They describe algorithmic implementations of these generalization 

techniques within LineDrive, a real-time system for automatically designing 

and rendering route maps



LineDrive

o straighten wiggly lines

o snap turns to right angles

o expand regions with turns

o contract long straight roads

o label carefully

o maintain overall orientation



Spatial Fields
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Idiom: topographic map

• data
–geographic geometry
–scalar spatial field

•1 quant attribute per grid cell

• derived data
– isoline geometry

•isocontours computed for 
specific levels of scalar values 

• task
–understanding terrain shape

•densely lined regions = steep

• pros
–use only 2D position, avoid 3D challenges
–color channel available for other attributes

• cons
–significant clutter from additional lines 

84

Land Information New Zealand Data Service

http://bl.ocks.org/mbostock/4060606




Idioms: isosurfaces, direct volume rendering

• data

– scalar spatial field (3D volume)

•1 quant attribute per grid cell

• task

– shape understanding, spatial relationships

86

[Interactive Volume Rendering Techniques. Kniss. Master’s thesis, University of Utah Computer Science, 2002.] 

[Multidimensional Transfer Functions for Volume Rendering. Kniss, Kindlmann, and Hansen.  In The Visualization 
Handbook, edited by Charles Hansen and Christopher Johnson, pp. 189–210. Elsevier, 2005.]

http://bl.ocks.org/mbostock/4060606
http://bl.ocks.org/mbostock/4060606
http://bl.ocks.org/mbostock/4060606


Idioms: isosurfaces, direct volume rendering

• data

– scalar spatial field (3D volume)

•1 quant attribute per grid cell

• task

– shape understanding, spatial relationships

• isosurface

– derived data: isocontours computed for specific levels of 
scalar values
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[Interactive Volume Rendering Techniques. Kniss. Master’s thesis, University of Utah Computer Science, 2002.] 

[Multidimensional Transfer Functions for Volume Rendering. Kniss, Kindlmann, and Hansen.  In The Visualization 
Handbook, edited by Charles Hansen and Christopher Johnson, pp. 189–210. Elsevier, 2005.]

http://bl.ocks.org/mbostock/4060606
http://bl.ocks.org/mbostock/4060606
http://bl.ocks.org/mbostock/4060606


Idioms: isosurfaces, direct volume rendering

• data

– scalar spatial field (3D volume)

•1 quant attribute per grid cell

• task

– shape understanding, spatial relationships

• isosurface

– derived data: isocontours computed for specific levels of 
scalar values

• direct volume rendering

– transfer function maps scalar values to color, opacity

•no derived geometry
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[Interactive Volume Rendering Techniques. Kniss. Master’s thesis, University of Utah Computer Science, 2002.] 

[Multidimensional Transfer Functions for Volume Rendering. Kniss, Kindlmann, and Hansen.  In The Visualization 
Handbook, edited by Charles Hansen and Christopher Johnson, pp. 189–210. Elsevier, 2005.]

http://bl.ocks.org/mbostock/4060606
http://bl.ocks.org/mbostock/4060606
http://bl.ocks.org/mbostock/4060606


Vector and tensor fields

• data

– multiple attribs per cell (vector: 2)

• tasks

– finding critical points, identifying 
their types

– identifying what type of critical 
point is at a specific location

– predicting where a particle starting 
at a specified point will end up 
(advection)

89

[Comparing 2D vector field visualization methods: A user study. Laidlaw et al. IEEE 
Trans. Visualization and Computer Graphics (TVCG) 11:1 (2005), 59–70.]

[Topology tracking for the visualization 
of time-dependent two-dimensional 
flows. Tricoche, Wischgoll, 
Scheuermann, and Hagen. Computers 
& Graphics 26:2 (2002), 249–257.]



Vector Field Map



Vector Field Map

http://hint.fm/wind/


Vector Field Map



Vector Field Map



Flow Maps



Assignment 4 Review



Assignment 4 - Visualise Burtin's Antibiotic Dataset

• 3 antibiotics, penicillin, neomycin and streptomycin on 16 bacteria

• minimum concentration of the drug required to prevent the growth of the bacteria in 

vitro -- the minimum inhibitory concentration (MIC)

• their efficacy varied over six orders of magnitude

• scale varies from 1,000 micrograms per milliliter on the innermost ring to .001 

micrograms per milliliter on the outermost

• the longer the bar, the greater the efficacy of the antibiotic.



Assignment 2 - Visualise Burtin's Antibiotic Dataset

• How do the drugs compare?

• How do the bacteria group together?



• What is 

produced in 

Nebraska?

• Where is corn 

produced?



• What is 

produced in 

Nebraska?

• Where is corn 

produced?



- The pattern of response to the 

antibiotics of all three bacteria is 

essentially identical—yet two of these 

bacteria are Streptococcus and one is not.

- What is Diplococcus pneumoniae doing 

there? And why does the third Strep 

bacteria, Streptococcus fecalis appear to 

be so different? 

- One would think that bacteria within a 

genus would be vulnerable to the same 

compounds.



- The clustering of bacterial types and 

sensitivity to antibiotics becomes even 

more evident with a simple scatterplot in 

which we plot each bacteria’s MIC for 

both neomycin and penicillin

- But these more specific plots were only 

generated after we knew what to look 

for—after the display shown above 

allowed us to see what we hadn’t 

expected


	Slide 1: 06. Geo Visualization
	Slide 2
	Slide 3
	Slide 4: Geographic Maps
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19: Beware: Population maps trickiness!
	Slide 20: Beware: Population maps trickiness!
	Slide 21: Beware: Population maps trickiness!
	Slide 22
	Slide 23
	Slide 24
	Slide 25
	Slide 26
	Slide 27
	Slide 28
	Slide 29
	Slide 30
	Slide 31
	Slide 32
	Slide 33
	Slide 34
	Slide 35
	Slide 36
	Slide 37
	Slide 38
	Slide 39
	Slide 40
	Slide 41
	Slide 42
	Slide 43
	Slide 44
	Slide 45
	Slide 46
	Slide 47
	Slide 48
	Slide 49
	Slide 50
	Slide 51
	Slide 52
	Slide 53
	Slide 54
	Slide 55
	Slide 56
	Slide 57
	Slide 58
	Slide 59: Map Projections
	Slide 60
	Slide 61
	Slide 62
	Slide 63
	Slide 64
	Slide 65
	Slide 66
	Slide 67
	Slide 68
	Slide 69
	Slide 70
	Slide 71
	Slide 72
	Slide 73
	Slide 74
	Slide 75
	Slide 76
	Slide 77
	Slide 78
	Slide 79
	Slide 80
	Slide 81
	Slide 82
	Slide 83: Spatial Fields
	Slide 84: Idiom: topographic map
	Slide 85
	Slide 86: Idioms: isosurfaces, direct volume rendering
	Slide 87: Idioms: isosurfaces, direct volume rendering
	Slide 88: Idioms: isosurfaces, direct volume rendering
	Slide 89: Vector and tensor fields
	Slide 90
	Slide 91
	Slide 92
	Slide 93
	Slide 94
	Slide 95
	Slide 96
	Slide 97
	Slide 98
	Slide 99
	Slide 100
	Slide 101

