
CSE 512 - Data Visualization 

Mapping & Cartography

Jeffrey Heer  University of Washington 
(with significant material from Michal Migurski)



Ptolemy’s Geographica 
Original ~150AD,  This Map ~1300AD



Rail Passengers and Freight from Paris 1884



Google Maps 2005



Casualties of War, New York Times 2006



LA Times 
2014



NY Times 
2014

http://www.nytimes.com/interactive/2014/07/03/world/middleeast/syria-iraq-isis-rogue-state-along-two-rivers.html


Cartography 
The Making of Maps



Projections



Latitude, Longitude



Exploring Projections…

https://observablehq.com/@vega/vega-lite-cartographic-projections

https://observablehq.com/@vega/vega-lite-cartographic-projections
https://observablehq.com/@vega/vega-lite-cartographic-projections
https://vega.github.io/vega/examples/world-map/


A sphere tears  
when you flatten it



We can categorize 
projections by what 

they preserve…



Distance
Preserve distance / direction from center



http://bl.ocks.org/mbostock/3757110


Equal-Area
Preserve proportional areas



http://bl.ocks.org/mbostock/3734308


Conformal
Preserve local angles (“shape”)



Rhumb
Line



Tissot’s Indicatrix

http://en.wikipedia.org/wiki/Tissot%27s_indicatrix


Spherical Mercator  
is ubiquitous on  
the web—why?



The Earth as a Square



Web Mercator 

World coordinates adjusted to map to 256 x 256 pixels. 
Latitude cut-offs at 85.051129 degrees: the exact point 
at which the projection frames the world in a square.
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http://bl.ocks.org/mbostock/4310087


Projections usually 
have a home



Satellite Projection, NY Times

http://www.nytimes.com/interactive/2013/03/01/world/americas/border-graphic.html


http://xkcd.com/977

http://xkcd.com/977/




http://sta.mn/y9p

There are interesting 
ways to tear spheres

http://sta.mn/y9p


One notable interesting 
way to tear a sphere





http://sta.mn/y9p

http://sta.mn/y9p


http://cartography.oregonstate.edu/demos/AdaptiveCompositeMapProjections/


Scale



This is not “scale”



Scale is an idea 
imported from print



Choose the right content 
at different scales



Four maps, same area



What shows at 
different scales?











http://sta.mn/y2d

Shapes change  
at different scales

http://sta.mn/y2d


Mapping 
Visualizing Geospatial Data



Symbol Maps





Dots can be symbols



Guess the crime



http://sta.mn/sw

Dots can can be 
good symbols

http://sta.mn/sw


Dots can include data



http://sta.mn/8tm

Dots are ubiquitous

http://sta.mn/8tm


“Red Dot Fever”



http://sta.mn/y8v

← Chinatown

http://sta.mn/y8v


http://sta.mn/zzz

This map is counting  
many small things

http://sta.mn/zzz


http://sta.mn/htj

Clustering, grouping

http://sta.mn/htj


http://sta.mn/hrw

Let patterns emerge

http://sta.mn/hrw


Continuous Data



http://sta.mn/527

Binning

http://sta.mn/527


http://sta.mn/zwh

Don’t hide the context

http://sta.mn/zwh


http://sta.mn/6x27Uber Wait Times, 2011

http://sta.mn/6x27


http://sta.mn/4w
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Break data into buckets

http://sta.mn/4w


http://sta.mn/b6Meaningful buckets

http://sta.mn/b6


http://sta.mn/mhd

“Iso” means “same” 
Isolines for elevation

http://sta.mn/mhd


http://sta.mn/xrg

Isochrones are 
isolines for time

http://sta.mn/xrg


Choropleth Maps



1826(?) Illiteracy in France, Pierre Charles Dupin



http://sta.mn/87

Five quantiles

http://sta.mn/87


http://popvssoda.com

“soda”

“pop”

“coke”

“soda”

http://popvssoda.com


http://sta.mn/pjr

Choose colors well

http://sta.mn/pjr


http://sta.mn/3vq

Focus on the foreground

http://sta.mn/3vq


What is obscured?



Regions -> Symbols



Cartograms



http://sta.mn/4xk

http://sta.mn/4xk


Obesity Map (Dorling Cartogram)  Vadim Ogievetsky



Obesity Map (Dorling Cartogram)  Vadim Ogievetsky





http://www.nytimes.com/interactive/2013/04/08/business/global/asia-map.html


http://sta.mn/wz

http://sta.mn/wz


Major distortions  
can stay recognizable



Flow Maps



Minard 1869: Napoleon’s march



1864 British Coal Exports, Charles Minard



Flow Map Layout 
Phan et al. 2005



Phan et al. 2005Tobler 1987 Verbeek et al. 2011

Cui et al. 2008 Holten & van Wijk 2009

Migration from California, 95-00



http://hint.fm/wind/


http://www.nytimes.com/interactive/2012/11/07/us/politics/obamas-diverse-base-of-support.html


Generalization



1864 British Coal Exports, Charles Minard



http://sta.mn/nzh

Harry Beck’s  
London tube diagram

http://sta.mn/nzh


London Underground [Beck 33] Geographic version of map

Principle: Straighten lines to emphasize stop sequence 
Technique used to emphasize/de-emphasize information



http://sta.mn/nhc3

People *love*  
the tube map

http://sta.mn/nhc3


http://sta.mn/nb

Tube map + isochrones

http://sta.mn/nb


Route Maps: Bellevue to Seattle



Set of graphic elements 
Roads, labels, cross-streets, … 

Choose visual attributes 
Position, orientation, size, … 
Distortions increase flexibility 

Develop constraints based on  
design principles 

Simulated annealing 
Perturb:  Form a layout  
Score:      Evaluate quality    
Minimize score

Map Design via Optimization [Agrawala ’01]



Road Layout Constraints [Agrawala ’01]

Length 
Ensure all roads visible                    ((Lmin - l(ri ) )/ Lmin)2 * Wsmall 

Maintain ordering by length                         Wshuffle 
Orientation 
Maintain original orientation                         |αcurr(ri) - αorig(ri)| * Worient 
Topological errors 
Prevent false                            min(dorigin , ddest) * Wfalse 

Prevent missing          d * Wmissing 

Ensure separation                                                           min(dext , E) * Ext 
Overall route shape 
Maintain endpoint direction                     |αcurr(v) - αorig(v)| * Wenddir 

Maintain endpoint distance       |dcurr(v) – dorig(v)| * Wenddist



Tools



Web Tools 
d3.geo: projections, paths and more 
GeoJSON: JSON format for geo data 
TopoJSON: topology -> compressed GeoJSON 
Leaflet: open-source, customizable map tile system 

Other 
PostGIS: Postgres DB extensions for geo data 
Mapnik: Render your own map tiles!

Software Tools



Natural Earth Data 
naturalearthdata.com 

OpenStreetMap 
openstreetmap.org 

U.S. Government 
nationalatlas.gov, census.gov, usgs.gov 

Data Resources



Cartographic Visualization in Vega-Lite 
https://observablehq.com/@uwdata/cartographic-visualization  

Command-Line Cartography 
https://medium.com/@mbostock/command-line-cartography-
part-1-897aa8f8ca2c 

How to Infer Topology 
http://bost.ocks.org/mike/topology/

Tutorials

https://observablehq.com/@uwdata/cartographic-visualization
https://medium.com/@mbostock/command-line-cartography-part-1-897aa8f8ca2c
https://medium.com/@mbostock/command-line-cartography-part-1-897aa8f8ca2c
http://bost.ocks.org/mike/topology/

