CSE 442 - Data Visualization

Mappmg & Cartography

Jeffrey Heer
(with significant material from Michal Migurski)



Mapping

Visualizing Geospatial Data
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Ptolemy’s Geographica
Original ~150AD, This Map ~1300AD
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Black Rock City, Nevada Google Maps 2005
(Burning Man)
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Casualties of War

FACES ANALYSIS THEIR STORIES E E-MAIL FEEDBACK

Use the slider below to investigate the demographics and military status of U.S. service members who died during the war in Iraq.
MARCH 16,2003 JULY 5,2008 (277 WEEKS) st

4,007 deaths

v all | Initial invasion | First invasion of Falluja = Second invasion of Fallujia | Since troop buildup began

Age Branch of Military Location ek
irkuk
Air Force 1 of death
Army 7 Circles sized
Marine Corps according to
Navy % percentage of
deaths in each . Baghdad
Iraqi province.

Race Type of Duty
Black 9% National Guard
Hispanic 0% Regular
White Reserve

Cther % Unknown
Unknown

Show home

March 16, 2003

March 16

Casualties of War, New York Times 2006




MIDDLE EAST A Rogue State Along Two Rivers LK v 4 MORE

MIDDLE EAST

The Euphrates ‘ & The Tigris

A Rogue State Along Two Rivers

How ISIS Came to Control Large Portions of Syria and Iraq

By JEREMY ASHKENAS, ARCHIE TSE, DEREK WATKINS and KAREN YOURISH July 3, 2014

The militant group called the Islamic State in Iraq and Syria, or ISIS, seemed to surprise
many American and Iraqi officials with the recent gains it made in its violent campaign to
create a new religious state. But the rapid-fire victories achieved over a few weeks in June
were built on months of maneuvering along the Tigris and Euphrates Rivers.

The Euphrates

AN

Aleppo: Ejected by Other Rebel
Groups

In 2013, ISIS emerged from the remnants
of Al Qaeda in Iraq and began to operate in
Syria. The vacuum created by the country’s
civil war provided a place for ISIS to
rebuild. Syrian rebel groups initially
welcomed ISIS as an ally, but soon realized

NY Times 2014



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

o
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Ramadi: The Government Provides an
Opening for ISIS

Tensions between this city’s residents, who are mostly
Sunni, and the central government had been brewing
here for at least a year. Then in December, Iraq’s prime
minister, Nuri Kamal al-Maliki, ordered security forces
to dismantle a protest camp — an outlet for
disenchanted Sunnis angered at their treatment by the
Shiite-dominated government. The action ignited days
of violence and created the opening ISIS needed to seize
parts of the city, the provincial capital.

Falluja: A Symbolic Fall

Just days after the raid on the camp in Ramadi, IS
fighters destroyed the Police Headquarters and mayor’
office here, planted their flag on government buildings
and decreed the city to be theirs. Ten years earlier,
American forces had captured this city from Qaeda-style
insurgents at a considerable cost of American lives.

NY Times
2014



http://www.nytimes.com/interactive/2014/07/03/world/middleeast/syria-iraq-isis-rogue-state-along-two-rivers.html
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Choropleth Map
[NY Times]
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wind map

February 19, 201«
11:55 am EST

(time of forecast download)

top speed: 35.3 mph
average: 11.6 mph
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http://hint.fm/wind/

Minard 1869: Napoleon’s march

wigaide-dans fa- Campague 2e. < N\nssie. A812 ~1813.
wth et Chaussoct - o tebeait

’ -
20 ovesndre 186
Lo uouibies 'hommnes peisouts dom—pepeisentis pardes fasgenns des gones cole ivon v willinitic: powc dice wille Foommes ; ifs Som— de phus decith en Veavess

ues . Lo pouge. désique-Les Bommes. quiv-enticm—son Hussic; Lo woin-cenocqui sudostams — oo rensiquements qui owa—dvcois & duasoce fa cacte w3 puiséa % %
bes ouveages 3o M. Chiers, deeligur; de Fezondac; de Chambray o tejousnal inivu—rse Jacol; phasmacion-de V'ctimée- sepuis le. 28 Octobee...
f o,

’ we faise jagor s Lol S dimisution e, Eavmber jiaissuppposi quees corps an Teiuce- Jinome-er—dn Masichal Daseworquic acaiens e 2tachis sueIMiusi

e Moilow « o sves Ouscha o Witebsk., avaicm. Gujouss warehi aveeLasmce...

Cloubosioe

Wigma

Wloderne

Lar Covagues passent: aw gwicp
lo Nidnaen, golé.

Aving pir Regaio, 7 Do 5% Narse 51 G704 P [Ty —




« o Hottille AMEIAISE capese 6L b o MONSARD, b i e | < 3 [ Consemmations « e il s Grande Beetagrie & 1850 + W64
- — s N - v e paad s b bvnakly
e gy doedamts g i i e

AMERIQUE

NORD

AMERIQUE
du

suUoD

T1a01 oy e My

1864 British Coal Exports, Charles Minard




ridge
Pa wermare
b rosasse »

e T
Pt g

Heacstore Line
arrow A

wEST guisue

Pank

DRAYTON PARK

i
g

Eanen Rowd

UNDERGROUND

Beck’s London tube diagram




London Underground [Beck 33] Geographic version of map

Principle: Straighten lines to emphasize stop sequence

Technique used to emphasize/de-emphasize information



Approaches to Mapping Data

Symbol Maps — plot data over a map
Choropleth Maps — colored regions
Heatmaps & Contours — show densities
Cartograms — distort to show quantities
Flow Maps — flux across regions

Generalization — distort/abstract to aid tasks



Cartography
The Making of Maps



Projections
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Projections

flg, ) — (x,y)



Projections

f(g, M) < (x, y)





https://gistbok.ucgis.org/bok-topics/2017-quarter-03/map-projections



https://gistbok.ucgis.org/bok-topics/2017-quarter-03/map-projections
https://gistbok.ucgis.org/bok-topics/2017-quarter-03/map-projections

Cylindrical Conical Azimuthal


https://gistbok.ucgis.org/bok-topics/2017-quarter-03/map-projections
https://gistbok.ucgis.org/bok-topics/2017-quarter-03/map-projections
https://gistbok.ucgis.org/bok-topics/2017-quarter-03/map-projections

Exploring Projections...
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https://observablehq.com/@vega/vega-lite-cartographic-projections
https://observablehq.com/@vega/vega-lite-cartographic-projections
https://vega.github.io/vega/examples/world-map/
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We can categorize
projections by what
they preserve...






Azimuthal Equidistant

o
Preserves: Use cases*

Distance & direction
from center point


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

Azimuthal Equidistant

Use cases:
Travel / propagation
from center point

Preserves:
Distance & direction
from center point


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

Preserve proportiohalaréas




Albers Equal-Area Conic

Preserves: Proportional area of geographic regions

Use cases?


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

Albers Equal-Area Conic

Preserves: Proportional area of geographic regions

Use cases: Land surveys, choropleth (shaded) maps


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




Spherical Mercator

Preserves:
Compass bearing
as a straight line

Use cases?



Spherical Mercator

Preserves:
Compass bearing
as a straight line

Use cases:
Navigation



There are interesting
ways to tear spheres



https://www.youtube.com/watch?v=b1xXTi1nFCo




Jtondon

JHelsinki

*
Moscow
vy Yorky Washington 0.C.

«loluca
Mexico City

wlakarta

Balances preservation of area and shape.

Provides different ways of thinking about the world!
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https://www.youtube.com/watch?v=b1xXTi1nFCo

Geographic Data Formats



From Tables to Geometry: Basic Shapes

Point: An array containing 2D or 3D coords (e.g., [lon, lat])
[125.6, 10.1]

LineString: An array of points
[[30, 10], [10, 30], [40, 40]]

Polygon: One or more arrays of points
[ [[30, 10], [40, 40], [20, 40], [10, 20], [30, 10]] ]

MultiPolygon: An array of polygons

L

[ [(30, 20], [45, 4@], [10, 40], [30, 20]] 1,

[ C[15, 51, [40, 1e], [1@, 201, [5, 1@], [15, 5]] ]
]




GeoJSON Format

GeoJSON is a standardized JSON format for geometric data.

Geometry: An object with a type and a coordinates array
{“type”: “Point”, “coordinates”: [125.6, 10.1]}

{“type”: “Polygon”, “coordinates”: [[[30.0, 20.0], [45.0, 40.0],
[10.0, 40.0], [30.0, 20.0]]11}

Feature: An object with a geometry and optional named attributes
{

“type”: “Feature”,

“1d”: “optional_id_string”,

“geometry”: { “type”: “MultiPolygon”, ..},

“properties”: { “attrl”:. “foo”, “attr2”: 12863 }



GeoJSON Format, Continued

FeatureCollection: Top-level GeoJSON file object
{

“type”: “FeatureCollection”,
“features”: [
{ “type: “Feature”, “geometry”:. ..},
{ “type: “Feature”, “geometry”: ..}

]
}

Tools like D3, Vega-Lite, and Observable Plot all use GeoJSON as the
primary means of representing geographic data. Points values often
use [longitude, latitude], but are not required to. For example, pre-
projected planar geometries ([x, y]) are also supported.



TopoJSON Format

TopoJSON is a compressed form of GeoJSON that stores
topologies rather than raw geometries. For example, the
border between Colorado and Arizona can be stored only
once, then be extracted into separate borders for each state.

Prior to use in visualization, TopoJSON data must be parsed
and extracted to geometry data - typically GeoJSON. Vega-
Lite includes support to perform this extraction internally.

Otherwise, one can use the library:

topojson.feature(data, “states") // get feature collection
topojson.mesh(data) // get boundary mesh


https://github.com/topojson/topojson-client

Resources



Software Tools

Web Tools

d3-geo: projections, paths and more

GeoJSON: JSON format for geo data

TopoJSON: topology -> compressed GeoJSON
MapShaper: online editor for map data

Leaflet: open-source, customizable map tile system

Other

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



Data Resources

Natural Earth Data

naturalearthdata.com

OpenStreetMap

openstreetmap.org

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



Tutorials

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/


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/

Questions?



