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MAPS

KIRELL BENZI, PH.D

@KirellBenzi www.kirellbenzi.com



https://www.kirellbenzi.com

What Is a map?
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What tasks?

Find Location / Feature (country, city, street)
Give directions (find route)

Compare attributes associated to locations
(temperature, traffic, polls, vote, etc.)




Need a map?

Where people born in Mississippi have moved to: New! (2 Switch to Migration Into Mississippi

Not all data associated with a
location needs to be put on a map

82% Stayed in Mississippi T
Hard to do complex things with
m a pS woved to lllinois

(CNNESSEE \OUISIANA

ARKANSAS CALIFORNIA

MICHI ALAB
Moved to Texas Gan AMA

Do you really need the spatial
' h
context? f wovedtoother ates e SOt —

1900 1910 1920 1930 1940 1950 1960 1970 1980 1990 2000 2012

Based on Lex


https://www.nytimes.com/interactive/2014/08/13/upshot/where-people-in-each-state-were-born.html%23Massachusetts

<EY AVERAGE O — 80% CHANCE OUTCOME FALLS IN THIS RANGE

Expected margin of victory 5

#75  +50 425 #25  +50  +75 tippinghj}gg§::¢
Florida o D+0.7 17.6%
Pennsylvania o D+3.7 12.3%
Michigan o D+4.2 11.7%
North Carolina o D+0.7 11.2%
Virginia o D+5.6 6.0%
Colorado o D+4.0 6.0%
Ohio O R+1.9 5.2%
Wisconsin o D+5.3  4.8%
Minnesota o D+5.8 3.8%
Nevada e D+1.2  3.7%
Arizona o R+2.2 2.8%
New Mexico © D+5.8 2.8%
New Hampshire o D+3.6 2.3%
Georgia o R+4.0 2.3%



https://projects.fivethirtyeight.com/2016-election-forecast/

Over the Decades, How States Have Shifted

Recent elections have placed a heavy emphasis on “swing states” — Ohio, Florida and the other competitive states.
Yet in the past, many more states shifted between the Democratic and Republican parties. A look at how the states
stacked up in the 2012 election and how they have shifted over past elections.

Chart ' Chart — MORE DEMOCRATIC | MORE REPUBLICAN —
Size of Lead  Electoral Votes >50% +40% +30% +20% +10% +10% +20%
N California
55 electoral votes |
| | 59.1% D 38.6% R Obama Romney
Obama Re-slected I R N () iy Ill I |

The country voted about 5
percentage points more
Republican in 2012 than in
2008. Obama lost North
Carolina and Indiana, but won
every tossup except Florida,
which remains too close to call.
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http://www.nytimes.com/interactive/2012/10/15/us/politics/swing-history.html?_r=0

Map projections
OF COURSE THE EARTH IS FLAT.
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Why projections?

Earth is a (flattened) sphere!

To fit in a 2D plane, we need to project or
“unfold” the hull of the sphere

Accuracy of attributes is dependant on the
projection

Distance, Area, Shape, Direction, Scale


http://www.progonos.com/furuti/MapProj/Normal/CartDef/MapDef/mapDef.html

> | o) 0:00/5:59



https://www.youtube.com/watch?v=kIID5FDi2JQ

Mercator projection

Cylindrical map projection presented by Gerardus Mercator in 1569

Distorts the size of objects as the latitude increases from the Equator to the poles, where
the scale becomes infinite.

Most common projection, used to teach geography, formerly used by Google, etc.

Central merndian
(selected by mapmaker)

Great distortion
in high latitudes

Examples of rhumb lines
(direction true between
any two points)

Equator touches cylinder
if cylinderis tangent

Reasonably true
shapes and distances

within 15° of Equator



http://giscollective.org/slippy-map-projections-explained/

Mercator I1s unfair

Massive distortion of area distant from
eqguator

But looks good up close: north is always
up, perfect to slice images and send them
to your browser as you zoom



http://bl.ocks.org/patricksurry/6621971
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Azimuthal equidistant projection

Projection onto a plane tangent to the Earth

All points on the map are at proportionately
correct distances from the center point

All points on the map are at the correct azimuth
(direction) from the center point



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

Winkel tripel projection

Modified azimuthal map projection, averaged to cylindrical projection
Minimizes three kinds of distortion (tripel):

area, direction, distance

Considered a good projection!

Used by National Geographic Society




Tissot's indicatrix

O 6 o6 o ¢ o o6 O O o O
Q O O & 0 0 0 0 0 9

Mercator Winkel tripel


https://en.wikipedia.org/wiki/Tissot's_indicatrix

Choropleth maps

Areas are shaded or patterned in proportion to the measurement of attributes

Each spatial region is filled with an uniform color (or pattern)



https://www.nytimes.com/elections/results/president?mcubz=3

Size of the base area influences perception

Cartogram: scale distance by data
232 Hillary Clinton 306
S © Donald J. Trump
65,853,625 votes (48.0%) Even worse with Mercator projection 62 985, 106 votes (45.9%)


http://www-personal.umich.edu/~mejn/election/2016/

Methods of Comparison, Compared

( . Mike Bostock &

@mbostock

These four maps show the same exact data,
but look wildly different. What the? Here’s
why:

Deaths from Alcohol Use Disorders, 1980-2014

10:23 PM - 15 Jun 2018



https://beta.observablehq.com/@mbostock/methods-of-comparison-compared

Use a prior: show variations

Account for population density, otherwise it is just a heat map

Normalize values, smaller units are better

Image: Correll


https://medium.com/@uwdata/surprise-maps-showing-the-unexpected-e92b67398865

Dot distribution maps

g

Reveal spatial distribution using
the point mark

Size is important
Too small: hardly perceived

Too big: wrong impression of
densities

£ Jun 20, 2017
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M English ! Spanish ! French ¥ Undetermined B Portuguese M Italian ! Dutch German

LANGUAGE 22,228,778 6,597,236 6,097,638 4,878,984 2,457,396 2,228,141 1,599,321 1,583,463


https://www.mapd.com/demos/tweetmap/

Proportional symbol map
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to data attributes
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Circle size is proportional to the amount each county’s leading candidate is ahead.
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https://www.nytimes.com/interactive/2016/11/08/us/elections/how-trump-pushed-the-election-map-to-the-right.html

Contour Maps
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LINES OF MAGNETIC DECLINATION Edmund Halley, 1701


http://www.apple.com

Contour Maps

Contour line: curve connecting points
where the function has the same
particular value.

Needs many points to be precise



https://en.wikipedia.org/wiki/Contour_line
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http://bl.ocks.org/karmadude/5820393

0 500 1000 1500 2000 2500 3000 3500 4000 4500


http://bl.ocks.org/herrstucki/6312708

Flow maps

Multivariate representation of
movement in space

Mix of a map and Sankey diagram
next slide

Properties: spatial position, line

width, color hue
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Charles Joseph Minard, Tableaux Gra-
phiques et Cartes Figuratives de M. Minard,
1845-1869, a portfolio of his work held by
the Bibliothéque de I'Ecole Nationale des
Ponts et Chaussées, Paris.

Minard’s map of French wine exports for 1864


https://commons.wikimedia.org/wiki/File:Minard%E2%80%99s_map_of_French_wine_exports_for_1864.jpg

Nuclear

. UK land based bioenergy
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World heroin movements

(—H_m)
Source: CIA



Show flow along an established
network (graph)

Often based on transportation
network



https://www.google.fr/maps/@48.8680375,2.3362394,11.82z/data=!5m1!1e1
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http://metrocosm.com/traffic-flow-maps/



http://gisgeography.com/flow-maps/



https://www.researchgate.net/publication/220506264_Force-Directed_Edge_Bundling_for_Graph_Visualization

Cartograms

Distord the shape of geographic regions to encode another variable in the
spatial area

World Population
Gartogram
2019
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http://brilliantmaps.com/cartogram-world-population-2015/

World map (normal)

Based on slide from Lex Image: Mark Newman


http://www-personal.umich.edu/~mejn/cartograms/

Population cartogram
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Based on slide from Lex Image: Mark Newman


http://www-personal.umich.edu/~mejn/cartograms/

Gross domestic product
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Based on slide from Lex Image: Mark Newman


http://www-personal.umich.edu/~mejn/cartograms/

Child mortality

Based on slide from Lex Image: Mark Newman


http://www-personal.umich.edu/~mejn/cartograms/

Data Driven Maps

on’'t draw the map: let the data make up the map!
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ZIPScribble Map: USA

Robert Kosara | EcgerEyes.org
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https://eagereyes.org/zipscribble-maps/united-states

Sand dance
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https://sanddance.azurewebsites.net/beachPartyApp/BeachPartyApp.html
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December 2010


https://www.facebook.com/note.php?note_id=469716398919

Me TOO RiSiI]g O Sexual assault resources f L 4

A visualization of the movement from Google Trends

Google Trends

Privacy & Terms

Trending searches over time



https://metoorising.withgoogle.com/

