CSE 512 - Data Visualization

Mapping & Cartography

A——

m | m]
/07 7 &

Jeffrey Heer

(with significant material from Michal Migurski)



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



CARTE PIGURATIVE

EXPEDITIONS DE VOYAGEURS ET DE MARCHANDISES

s

MOUVININT GENTRAL DES GARES DE PARIS

u )

o bt it sbeda e e Carme faremain scan odlars dmmy
— - ——

MOUVIMINT GENCRAL DS GARES DE PARIS
o

it bt yoe e Carta fanemale o an i duminy

27 sl st

Rail Passengers and Freight from Paris 1884




Google Maps 2005




€he New JJork Times

U.S.

WORLD U.S. N.Y¥./REGION BUSINESS TECHNOLOGY SCIENCE HEALTH SPORTS OPINION ARTS STYLE TRAVEL

Search

JOBS REAL ESTATE AUTOS
POLITICS  WASHINGTON  EDUCATION

Casualties of War

FACES ANALYSIS THEIR STORIES = 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)

4,007 deaths

Showy all | Initial invasion | First invasion of Falluja ' Second invasion of Falluja | Since troop buildup began

Age Branch of Military Location
§ Ajr Force of death
Army Circles sized
Marine Corps according to
Mavy % percentage of
deaths in each Baghdad
Iraqi province.

Race Type of Duty
Black MNational Guard
Hispanic Regular
White Reserve

Cther 5% Unknown
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Casualties of War, New York Times 2006




Texas o1l boom is visible from space

Lighting and natural gas flares from drilling on the 400-mile-long Eagle Ford
shale formation can be seen from space in this image.
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The new formation has helped make Texas the No. 1 oil-producing state in the nation.
0il production from different U.S. regions (in thousands of barrels per day)
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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, ISIS
fighters destroyed the Police Headquarters and mayor’s
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.
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http://www.nytimes.com/interactive/2014/07/03/world/middleeast/syria-iraq-isis-rogue-state-along-two-rivers.html
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Projections



Latitude, Longitude




A sphere tears
when you flatten it



Three example
ways to categorize
projections...






Azimuthal Equidistant



http://bl.ocks.org/mbostock/3757110
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Albers Equal-Area Conic

The Albers equal-area conic projection is available as d3.geo.albers. See also the interactive Open in a new window.
version.


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

The Mercator projection is available as d3.geo.mercator
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http://en.wikipedia.org/wiki/Tissot%27s_indicatrix

Web Mercator
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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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Peirce Quincuncial
B 7

The Peirce quincuncial projection is implemented as d3.geo.peirceQuincuncialinthe
ction D3 plugin. It is derived from the Guyou projection.


http://bl.ocks.org/mbostock/4310087




Increased Border Enforcement, With Varying Results
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LD U.S. Border Patrol sectors

There are now more agents along the 1,954 mile-long border than ever before...
Border agents per sector.
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Satellite Projection, NY Times



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

Oregon State []SU

UNIVERSITY
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ADAPTIVE COMPOSITE MAP PROJECTIONS



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

WHAT YOUR FAVORITE

MaP HRegeCTiON

SAYS ABOUT YOU

YOURE NOTA (OMPUCATED PERSON. You LOVE THE
.5 MERCATOR PROTECTION; YOU TUST WISH IT WEREN'T
‘ SQUARE. THE EARTH NOT A SRUPRE, IT5 A CIRCLE..
YOURE NOT REALLY INTO MAPS. You LIKE CIRCLES. TOORY 15 GONNA BE A Goop DAY!



http://xkcd.com/977/

PEIRCE QUINCUNOAL

y

YOU THINK THAT WHEN WE LOOK AT A MAP, WHAT WE
REALLY SEE 15 CURSELVES. PETER YOU FIRST SAW
INCEFTIOV, You SAT SILENT IN THE THEATER PR
SIX HOURS. T FREAKS YOU OUT TO REAUZE THAT
EVERYONE AROUND YOU HAS A SKELETON INSDE THEM.
YOU AALE REALLY LCOKED AT YOUR HANDS,




There are interesting
ways to tear spheres


http://sta.mn/y9p
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http://sta.mn/y9p



http://sta.mn/y9p

You can drag the map with your mouse, and use the +/ buttons to zoom. The circle in the center will always indicate North
for that point, and when you stop dragging the map will re-orient itself automatically. Read more about this on my blog.



http://teczno.com/faumaxion-II
http://sta.mn/24j
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Scale is an idea
mported from print
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Mapping

Visualizing Geospatial Data
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DATAVIZ

Break data into buckets
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How Obama Won Re-election

Hispanics Youth

Women

Whites Were Outvoted

Romney’s Shift Wasn't Enough

2012

t in Tuesday's vote,

Most of the nation shifted to the ri

but not far enough to secure a win for Mitt Romney.

LML R
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Polymaps is a project from

SimpleGeo and Stamen. Unemployment
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Map 1.1 Borders matter
HDI in United States and Mexican border localities, 2000

HDI, 2000
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Source: Anderscn and Gerber (2007a).
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http://sta.mn/3vq

21Columns 1,537 Rows 6 Data Types aa Column Details

Sort: Default Edit |€:} State o )
State e ]
City e,
oo I]Illlllluunuuunuunnun ________________________________________
WASHINGTON 40
File_Number ——
CommitteelD ——
Occupation P
Memo_Text P —
Report_Type E——
Trans_Date —
Trans_Amount ——
Employer = m

What is obscured?




21Columns  1,537Rows 6 DataTypes (JJ Column Details

Sort-Default = Edlt = giate ]
State -
City - .
o IIIlIlll-.....
WASHINGTON 40
File_Number ——
CommitteelD ——

Occupation - m . ‘

Memo_Text I —
Report_Type —— .
Trans_Date ——
Trans_Amount I
Employer L

Regions -> Symbols




Cartograms



http://sta.mn/4xk

SOURCES, CREDITS AND FEEDBACK

2006 ELECTION GUIDE SENATE RACES | HOUSE RACES
New York Times 198 24 180
ratings Safe Dem. Leaning Dem. Toss up Leaning Rep. Safe Rep

Maine

Click on a district below to learn more. "

Mich. I
. Mass.
an Y.
N o l
Colo
Id§ho Mont. -I
N.J.
O
Del

N M o
Nev.

oan

Each box represents
a House district.

Hawaii

| GOVERNORS' RACES RACE PROFILES

ANALYZERACES |  CREATE OUTCOMES

Shade the map using the pulldown...
\New York Times ratings [+]

..then show only certain states
New York Times ratings (7)

_] safe _] Leaning
_| safe _| Leaning

Current Rep. _ | Dem. _|Rep.

Democrat:
_| Toss Up

Republican:

Margin in 2004 House race

Democrat: ] >50% _]25-50% [ ]<25%

Republican: ] >50% []25-50% |_]<25%
Votes for _|Kerry | Gore
president _|Bush _|Bush
Appearances by big fundraisers(7)

_|George W. Bush _]Bill Clinton

__| Races to watch (@)

_| Open races

_| switch districts ()
Urbanization

_Jurban || Suburban|_]Rura __| Mixed
Race/Ethnicity

_] white  []Black _| Hispanic
Median income

] <$30K  []$30-50K [] >$50K

RESET



http://sta.mn/4xk

W32 -35%

W29 -32% 10M
W 26 - 29%
W23 -26% SM
20 - 23%
17 - 20% L
W 14-17% ‘ﬂ‘{

Obesity Map (Dorling Cartogram) Vadim Ogievetsky



W32 -35%
W29 -32%

10M
W 26 - 29%
W23 - 26% 5M
20 -23%
W17 - 20% 1:)':
Wi i (2R

Obesity Map (Dorling Cartogram) Vadim Ogievetsky






China Still Dominates, but Some Manufacturers Look Elsewhere

While China maintains its overwhelming dominance in manufacturing, multinational
companies are looking for ways to limit their reliance on factories there. Reisted Articie »

Economic Output © Each hexagon represents G.D.P. growth, 2011 to 2012
$2.7 billion in G.D.P. | e ——
In this map, geography is distorted so that each 2 4 8 8 410%
country is sized according to its economic output
in 2012. The countries are colored by their rate of
growth; more established economies tend to grow
more slowly.
China is both highly productive and
growing rapidly. Considering individual
provinces conveys its impressive scale:
Guangdong, just one of 31 Chinese
provinces, has an economic output
greater than Indonesia.
JAPAN
SOUTH KOREA
PAKISTAN

Japan and South Korea

have large economic

output, but growth has

TAWAN slowed as they have

New York shown for comparison.

Rising wages and risk in
China are encouraging

businesses o consider

altematves, inciuding " e
Cambodia, Vietnam and "'.-L?“‘%'
the Philippines. , ’ N

s &

caught up with the West
and innovation becomes
more difficult,
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Major distortions
can stay recognizable




Generalization
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London Underground [Beck 33] Geographic version of map

Principle: Straighten lines to emphasize stop sequence

Technique used to emphasize/de-emphasize information
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Time to Travel from Arnos Grove
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Route Maps: Bellevue to Seattle
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Map Design via Optimization [2grwala '01]

z\a
a2

Set of graphic elements

Roads, labels, cross-streets, ... sl Bl eucud v,

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

OAK [Metropolitan Oakland International
Airport] (airport), California, United States




Road Layout Constraints [/qawala 01]

Length

Ensure all roads visible (L -I(r)) L P*W__

Maintain ordering by length e

Orientation

Maintain original orientation [0 ) - ag (P W

Topological errors

Prevent false min(d _,d,_)*W
origin dest false

Prevent missing d*W

missing
Ensure separation min(d_, E) * Ext

Overall route shape
Maintain endpoint direction (v)-a

(v)-d

*
orig(v)| Wenddir

(V)] * W

[e
curr

Maintain endpoint distance

| curr orig enddist



Tools



Software 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!



Data Resources

Natural Earth Data
naturalearthdata.com

OpenStreetMap

openstreetmap.org

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



Tutorials

Let’'s Make a Map!

http://bost.ocks.org/mike/map/

How to Infer Topology

http://bost.ocks.org/mike/topology/



http://bost.ocks.org/mike/map/
http://bost.ocks.org/mike/topology/

