lecture 12:
spatial data

November 1, 2017

much of this slide deck is modified from my OpenVisConf talk, How Spatial Polygons Shape Our World.



https://www.youtube.com/watch?v=wn5larsRHro

Amelia McNamara
AmeliaMN
The problem with maps is that the world looks

like a map. We don't have that problem with
other visualizations.

9:15 AM - 28 Feb 2014

flickr: MattHagedorn



https://www.flickr.com/photos/82866304@N03/7640251482/in/photolist-cD9hzQ-5kLYvm-5kGHgR-HSJ8FH-8N5tB8-fYNakr-rHCnKV-E4Qh8d-e7h2bg-JijhYq-J7pLUG-aQsKxr-7oi2Ur-9QTzt1-aQsKgp-ritVhK-agAdFA-9gKKhs-achFRz-7omUTh-5J3bFs-amEsQ-dFcBs9-p8xaSv-dFczKf-bLySyg-8AXbAQ-otuHmR-o7Gukj-7oi3MD-fFGpmy-LmjbAw-7omYkm-4iDDWn-8Fcjdp-bkyJMh-6PFSt5-6bGwD5-aV1rH2-k7ytWK-fYMXqM-6bCnYc-dF7ap2-k7iTLC-dMN2pt-HxJrsS-rPDX7w-ocLNYj-9gGFok-KpCKbD

Types of geographic data
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flickr: mulad


https://www.flickr.com/photos/mulad/10451974746/in/photolist-gYe9Hy-gV1gPJ-7gX9mY-qLgVT1-gVB6X9-qMg81g-fXZ8BT-gVEMCK-gVEFXL-gVrNAm-6fKTb3-8uWh6U-8pcU3g-8o4smf-6RnguM-eCteoi-dhypxr-deu6Bh-damQBk-7k5N8i-65ZKbG-dkLWWb-65WW7o-dkLAqG-666i1W-bYTmGW-d2v2q9

PoINts

flickr: MattHagedorn



https://www.flickr.com/photos/82866304@N03/7640251482/in/photolist-cD9hzQ-5kLYvm-5kGHgR-HSJ8FH-8N5tB8-fYNakr-rHCnKV-E4Qh8d-e7h2bg-JijhYq-J7pLUG-aQsKxr-7oi2Ur-9QTzt1-aQsKgp-ritVhK-agAdFA-9gKKhs-achFRz-7omUTh-5J3bFs-amEsQ-dFcBs9-p8xaSv-dFczKf-bLySyg-8AXbAQ-otuHmR-o7Gukj-7oi3MD-fFGpmy-LmjbAw-7omYkm-4iDDWn-8Fcjdp-bkyJMh-6PFSt5-6bGwD5-aV1rH2-k7ytWK-fYMXqM-6bCnYc-dF7ap2-k7iTLC-dMN2pt-HxJrsS-rPDX7w-ocLNYj-9gGFok-KpCKbD
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The World According to China

By GREGOR AISCH, JOSH KELLER and K.K. REBECCA LAI

China’s enormous overseas spending has helped it displace the United
States and Europe as the leading financial power in large parts of the
developing world. Here's where China has the most influence, based on
its share of foreign investment since 2005. revateo armicre
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https://www.nytimes.com/interactive/2015/07/24/business/international/the-world-accordin
via Jordan Crouser


https://www.nytimes.com/interactive/2015/07/24/business/international/the-world-according-to-china-investment-maps.html?

PoiNnts over time

La Habana®



http://projects.flowingdata.com/walmart/
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https://www.flickr.com/photos/82866304@N03/7640251482/in/photolist-cD9hzQ-5kLYvm-5kGHgR-HSJ8FH-8N5tB8-fYNakr-rHCnKV-E4Qh8d-e7h2bg-JijhYq-J7pLUG-aQsKxr-7oi2Ur-9QTzt1-aQsKgp-ritVhK-agAdFA-9gKKhs-achFRz-7omUTh-5J3bFs-amEsQ-dFcBs9-p8xaSv-dFczKf-bLySyg-8AXbAQ-otuHmR-o7Gukj-7oi3MD-fFGpmy-LmjbAw-7omYkm-4iDDWn-8Fcjdp-bkyJMh-6PFSt5-6bGwD5-aV1rH2-k7ytWK-fYMXqM-6bCnYc-dF7ap2-k7iTLC-dMN2pt-HxJrsS-rPDX7w-ocLNYj-9gGFok-KpCKbD

http://www.capsca.org/Meetings/Global2012/2012CAPSCAGIobal-2-6.pdf, via Jordan Crouser


http://www.capsca.org/Meetings/Global2012/2012CAPSCAGlobal-2-6.pdf

Ben Fry, All Streets. http://benfry.com/allstreets/map5.html


http://benfry.com/allstreets/map5.html

Polygons

flickr: MattHagedorn



https://www.flickr.com/photos/82866304@N03/7640251482/in/photolist-cD9hzQ-5kLYvm-5kGHgR-HSJ8FH-8N5tB8-fYNakr-rHCnKV-E4Qh8d-e7h2bg-JijhYq-J7pLUG-aQsKxr-7oi2Ur-9QTzt1-aQsKgp-ritVhK-agAdFA-9gKKhs-achFRz-7omUTh-5J3bFs-amEsQ-dFcBs9-p8xaSv-dFczKf-bLySyg-8AXbAQ-otuHmR-o7Gukj-7oi3MD-fFGpmy-LmjbAw-7omYkm-4iDDWn-8Fcjdp-bkyJMh-6PFSt5-6bGwD5-aV1rH2-k7ytWK-fYMXqM-6bCnYc-dF7ap2-k7iTLC-dMN2pt-HxJrsS-rPDX7w-ocLNYj-9gGFok-KpCKbD

Polygons can be regular or irregular

flickr: mulad


https://www.flickr.com/photos/mulad/10451974746/in/photolist-gYe9Hy-gV1gPJ-7gX9mY-qLgVT1-gVB6X9-qMg81g-fXZ8BT-gVEMCK-gVEFXL-gVrNAm-6fKTb3-8uWh6U-8pcU3g-8o4smf-6RnguM-eCteoi-dhypxr-deu6Bh-damQBk-7k5N8i-65ZKbG-dkLWWb-65WW7o-dkLAqG-666i1W-bYTmGW-d2v2q9

inville

Bainbridge
Island

niversity Tacoma

Place

Puyallup

South Hill
ort Lewis

flickr; viriyingpanaway



https://www.flickr.com/photos/viriyincy/13988403042/in/photolist-nj7dSN-7m2b-5zw5MQ-8UCreo-axnnhd-an24ax-9EfLhX-fAaYES-7rnv-iGuuTo-iGtTGR-iGvtUs-edPtj8-482zRm-hXL359-Ew8CM3-9F6L4C-drZNsk-9kzFYA-nEhkKH-7Wp2Rk-drdZCY-93V7Tf-nNtgXA-yB85qM-dtahrN-zguDMT-zwVDzb-5VZdKf-zvGoTy-5wKw7m-5BfZdA-y621-rRsi4-2DvmA-5zrNhR-jgpED-9FEhvg-8waRV-5zw5L7-oRDEcs-dhgAuh-7Yeuhj-7YewZ3-9EWQ3h-7FMbCj-5zkEBN-5zksaj-5EfFs9-4qyp68

All maps of
parameter estimates
are misleading

Andrew Gelman and Phillip Price.
http://bit.ly/AlIMaps

flickr: mulad


https://www.flickr.com/photos/mulad/10451974746/in/photolist-gYe9Hy-gV1gPJ-7gX9mY-qLgVT1-gVB6X9-qMg81g-fXZ8BT-gVEMCK-gVEFXL-gVrNAm-6fKTb3-8uWh6U-8pcU3g-8o4smf-6RnguM-eCteoi-dhypxr-deu6Bh-damQBk-7k5N8i-65ZKbG-dkLWWb-65WW7o-dkLAqG-666i1W-bYTmGW-d2v2q9
http://bit.ly/AllMaps
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Kidney Cancer and Insensitivity to Sample Size
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http://dataremixed.com/2015/01/avoiding-data-pitfalls-part-2/


http://dataremixed.com/2015/01/avoiding-data-pitfalls-part-2/

Surprise! Bayesian Weighting for De-Biasing Thematic Maps.
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(a) The Event Density of “mischief” in Canada. (b) The per-capita Event Rate of mischief. (c) The Surprise Map of mischief.

Michael Correll and Jeffrey Heer
http://bit.ly/SurpriseMaps



http://bit.ly/SurpriseMaps

Area gives a lot of visual weight
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http://www.nytimes.com/elections/2008/results/president/map.html


http://www.nytimes.com/elections/2008/results/president/map.html
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wikipedia: M. E. J. Newman



https://commons.wikimedia.org/w/index.php?curid=10523106

Cartogram
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http://blog.apps.npr.org/2015/05/1 1/hex-tile-maps.html



http://blog.apps.npr.org/2015/05/11/hex-tile-maps.html

https://twitter.com/iammrbailey/status/925346870381240320/photo/1


https://twitter.com/iammrbailey/status/925346870381240320/photo/1

Modifiable Areal Unit Problem

“The areal units (zonal objects) |
used in many geographical studies -
are arbitrary, modifiable, and W <
subject to the whims and fancies of .
whoever is doing, or did, the

aggregating”
- Stan Openshaw

flickr: mulad


https://www.flickr.com/photos/mulad/10451974746/in/photolist-gYe9Hy-gV1gPJ-7gX9mY-qLgVT1-gVB6X9-qMg81g-fXZ8BT-gVEMCK-gVEFXL-gVrNAm-6fKTb3-8uWh6U-8pcU3g-8o4smf-6RnguM-eCteoi-dhypxr-deu6Bh-damQBk-7k5N8i-65ZKbG-dkLWWb-65WW7o-dkLAqG-666i1W-bYTmGW-d2v2q9

Gerrymandering
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wikipedia: Elkanah Tisdale (1771-1835) (often falsely attributed to Gilbert Stuart)[1] - Originally published in the Boston Centinel, 1812.


https://commons.wikimedia.org/w/index.php?curid=6030613

_Gerrymandering: Last Week Tonight with John Oliver (HBO)

GERRYMANDERING

'.
“

P> Pl R 1:11/19:33 m O It

http://bit.ly/LWT_gerrymandering


http://bit.ly/LWT_gerrymandering

Gerrymandering, explained

Three different ways to divide 50 people into five districts

310 1. Perfect 2. Compact, 3. Neither compact
people representation but unfair nor fair

60% blue, 3 blue districts, 5 blue districts, 2 blue districts,
40% red 2 red districts 0 red districts 3 red districts
BLUE WINS BLUE WINS RED WINS
WASHINGTONPOST.COM/WONKBLOG Adapted from Stephen Nass

https://www.washingtonpost.com/news/wonk/wp/2015/03/01/this-is-the-best-explanation-of-gerrymandering-you-will-ever-see


https://www.washingtonpost.com/news/wonk/wp/2015/03/01/this-is-the-best-explanation-of-gerrymandering-you-will-ever-see

North Carolina’s 12th district
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California’s 33rd district
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http://redistrictinggame.org/

I/ "=y

Victorvnlle

& P W D W G W T 40 W =V
zanne _ ', _ ) {1\ ﬁ count: GL‘

CorpsBase. { M~ )~ )~

N “wy vt Paimdale
;_-<“"'." \I " “) -l _’ .

Fl“ ore Santa c

’ { ‘l'-lesper!a v
"hSantaPaua a )/ /(L

\
I

Tw!ntynine

: :'"‘.' Y Na E = nard "‘:'. \ " -
: O%n o ‘ "Palms '
eé# Y : s W e

\$\_

"8

%
n v -/
: "4&’ .
L S FNY
wog £ .

Y,
s

“Chocolate .~ .
‘Mountains - | e
Gunnety Range ‘ ‘

Yun
fwl_\_k_lﬁl Rl

:) cell size 3
W S (~10km) Z

204

‘5
!
i
/8

Leaﬂet | Map data © OpenStreetMap contnbutors CC-BY-SA Imagery © Mapbox

Lunzer and McNamara, www.bit.ly/spatial agg



http://www.bit.ly/spatial_agg

Instructions

How few counties can you
move to make Hillary Clinton
win the 2016 election?

Choose a county (or several)
to move to a new state. Then
click the Move button and the
state you want to move your
counties to.

We'll automatically recompute
the number of electoral votes
the state would get with their
new counties, and update the
electoral vote. However, we
don't account for Maine and
Nebraska's splitting of votes
by congressional district.

Weep at how arbitrary our
electoral system is.

Move

Hide Counties

Share

Year: 2016 <

http://kevinhayeswilson.com/redraw/


http://kevinhayeswilson.com/redraw/

Misalignment between Flint ZIP Codes and City of Flint
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http://theconversation.com/how-zip-codes-nearly-masked-the-lead-problem-in-flint-65626



http://theconversation.com/how-zip-codes-nearly-masked-the-lead-problem-in-flint-65626

How do we choose
the value for the
green region?




Projections

flickr: MattHagedorn



https://www.flickr.com/photos/82866304@N03/7640251482/in/photolist-cD9hzQ-5kLYvm-5kGHgR-HSJ8FH-8N5tB8-fYNakr-rHCnKV-E4Qh8d-e7h2bg-JijhYq-J7pLUG-aQsKxr-7oi2Ur-9QTzt1-aQsKgp-ritVhK-agAdFA-9gKKhs-achFRz-7omUTh-5J3bFs-amEsQ-dFcBs9-p8xaSv-dFczKf-bLySyg-8AXbAQ-otuHmR-o7Gukj-7oi3MD-fFGpmy-LmjbAw-7omYkm-4iDDWn-8Fcjdp-bkyJMh-6PFSt5-6bGwD5-aV1rH2-k7ytWK-fYMXqM-6bCnYc-dF7ap2-k7iTLC-dMN2pt-HxJrsS-rPDX7w-ocLNYj-9gGFok-KpCKbD

Map projections

Y,

Flattenable surfaces

Fia. 42.—Man's head drawn on globular pro- Fio, 43.—Man's head plutt;d on orthographic pro-
jection, jection,
| A Pl
4 ™y
f
Flat maps j'ﬁ
At £
[ :
\ \‘
.: . '\-‘.' o
‘ _ \ Fia. 44.—Man's head plotted on uta‘.rmg;rlphi;; Fia. 45.—Man's head plotted on Mercator projec-
\\__/’
Campbell, J.E., & Shin, M. (2012). Geographic Deetz, C. H., & Adams, O. S. (1921). Elements of map projection
Information System Basics. with applications to map and chart construction.

via Jordan Crouser





https://source.opennews.org/articles/choosing-right-map-projection

https://xkcd.com/977/

WHAT YOUR FAVORITE

MeP HRasecTioN

SAYS ABOUT YOU

VAN DER GRINTEN

N |

YOU HAVE A COMFORTRBLE PAIR OF RUNNING SHOES
THAT YOU WEPR EVERYWHERE. YOU UKE CoFFEE AND
ENTOY THE BEATLES. YOU THINK THE ROBINSON 15
THE BEST-LOOKING PROJECTION, HANDS DOWN.

WINKEL-TRIPEL

[4

NATIONAL GEOGRAPHIC ADOPTED THE WINKEL-TRIPEL IN
1998, BUT YOUVE BEEN A W-T FAN SINCE ZOV5 BERRE
"NATGED SHOWED LR YOURE WORRIED IT% GETTING
PLAYED QUT, AND ARE THINKING (OF SWITCHING T THE

| KAvRAYsKIY, YoU ONCE LEFT A PARTY IN DISGUST WHEN

YOURE NOT'A (OMPUCATED PERSAN. YoU LOVE THE
MERCATOR PROTECTION; YOU JUST WISH IT WEREN'T
SQUARE. THE EARTH’S NOT A SRUARE, ITt A CIRCLE.
You LIKE CIRCLES. TEOAY 15 GONNA BE A GoD DAY!

YOU LIKE ISARC ASIMOV, XML, AND SHOES WITH TOES,
YOU THINK THE SEGWAY GOT" A BAD RAP, YOU OWN 3D
GOGGLES, WHICH YOV USETO VIEW ROTRTING MODELS
OF RETTER 3D GOGGLES. You TYPE IN DvoraK.

(GOODE HOMOLOSINE

THEY $AY MAPPING THE EARTH ON A 2D SURFACE 15
LIKE FLATTENING AN ORANGE PEEL, WHICH $EPMS
ERSY ENOUGH T0 YoU. YOU LIKE ERSY SOLUTIONS. You
THINK WE WOULDNT HAVE. S0 MANY PROBLEMS IF WED
JUST ELECT MIAL PEORLE To (ONGRESS INSTEPD
OF POLIMCIANS. YOU THINK AIRLINES SHOMLD JUST BWY

" e o - &

et ol PR o AR Bie o Lrah s D D NS B


https://xkcd.com/977/

https://xkcd.com/977/

WINKEL-TRIPEL

(4

NATIONAL GEOGRAPHIC ADOPTED THE WINKEL-TRIPEL IN
1998, BUT YOUVE BEEN A W-T FAaN SINCE. ZOVG BERRE

“NATGED SHOWED VR YOURE WORRED ITE GETTING
PLAYED QUT, AND ARE THINKING (OF SWITCHING T THE
KAVRAYSKIY, YOU ONCE LEFT A PRRTY IN DISGUST WHEN
A GUEST SHOWED UP WERRING SHOES WITH TOES. YOUR
FAVORITE. MUSICAL GENRE. 1S “PosT-".

Hogo -DYER
Ay P

b

N,

YOU WANT To AVOID CULTURAL IMPERIALISM, BUT
YOUVE HEPRD RAD THINGS ABOUT GALL- PETERS.
YOURE (DNFUCT-AVERSE AND BUY ORGANIC. YOU
USE A RECENTIY-INVENTED SET OF GENDER-NEUTRAL
PRONOUNS AND THINK THAT WHAT THE WORLD
NEEDS 15 A REVGLUTION IN CONSCIOUSNESS.

A GLOBE!

YES, YOURE VERY CLEVER.

PEIRCE QUINCUNCIAL

Fs QJ‘—‘
,‘

GOODE HOMOLOSINE

N

THEY SAY MAPPING THE EARTH ON A 2D SURFACE 15
LIKE FLATTENING AN ORANGE PEEL, WHICH SEBMS
ERSY ENOUGH To YoU. YOU UKE ERSY SOLUTIONS. You
THINK WE WOULDNT HAVE. 0 MANY PROBLEMS IF WED
JUST ELECT MIMAL PEOPLE To (oNGRESS INSTEPD
OF FOLIMCIANS. YOU THINK AIRUINES SHOULD JusT BuY
00 FROM THE RESTRURANTS NERR THE GRTES AND

SERVE 7AAT" ON BOPRD. YOU CHANGE YOUR (AR OIL,
BUT SECRETL{ WONDER If YoU REALLY MEED TO.

PLATE CARREE.
(EQUIRECTANGULAR)

YOUTHINK THSONE 16 FINE.. YOU LIKE How X ano Y
MAP T LATITUDE AND LONGITUDE. THE OHER

PROTECTIONS OVERCOMPLICATE THINGS. YOU WANT ME
TO STOP ASKING ABOUT MAPS S0YOU CAN ENToY DINNER.

WATERMAN BUTTERRY

REALLY? YOU KNOW THE WATERMAN? HRVEYOU SEEN
THE 1909 (AHILL MAP IT% BASED— ._YOU HAYE A FRAMED
REPRODUCTION AT HOME?! \WJHOA. ...LISTEN, FORGET
THESE QUESTIONS. PRENDU DOING ANYTHING TONIGHT?

GAW-PETERS


https://xkcd.com/977/

https://xkcd.com/977/

| A GUEST SHOUED UP WEARING SHOES WITH TOES. YOUR
FAVORITE MUSICAL GENRE. 1S “PosT-".

Hogo -DYER
A g

y
g,
/

N,
D P ——
YOU WANT T0 AVOID CULTURAL IMPERIALISM, BUT
YOUVE HEPRD BAD THINGS ABOUT GALL- PETERS.
YOURE (ONFUCT-AVERSE AND BUY ORGANIC. YOU
USE A RECENTIY-INVENTED SET OF GENDER-NEUTRAL
PRONOUNS AND THINK THAT WHAT THE WORLD
NEEDS 15 A REVGLUTION IN CONSQIOUSNESS.

A GLOoBE!

YES, YOURE VERY CLEVER.

PEIRCE QUINCUNCIAL

.

p

YOU THINK THAT WHEN WE LOOK AT A MAR, WHAT WE
REALLY SEE 15 QURSELVES. PETER YOU FiRST SAW
INCEFTION, You SAT SILENT IN THE THEATER FOR
Six HOURS. T FREAKS YOU OUT TO REAUZE AT
EVERYONE RROUND YOU HAS A SKELETON INSDE THEM.
YOU AAVE RERLLY LCOKED AT YOUR HANDS,

HO0D FROM THE RESTAURANTS NERR THE GATES AND
SERVE 7AAT" ON BOPRD. YOU CHANGE. YOUR CARS OIL,
BUT SECRETLY WONDER IF YoU REALLY MEZZ TO.

PLATE CARREE.
(EBUIRECTANGULAR)

YOUTHINK THSONE 16 FINE.. YOU LIKE How Xano Y
MAP T LATITUDE AND LONGITUDE. THE OTHER

PROTECTIONS OVERCONPLIGATE. THINGS. YOU WANT ME
TO STOP ASKING ABOUY MAPS S0YOU CAN ENToY’ DINNER.

WATERMAN BUTTERRY

REALLY? YOU KNOW THE WATERMAN? HRVEYOU SEEN
THE 1909 (AHILL MAP T BASED— _You HAVE A FRAMED
REPRODUCTION AT HOME?! \WJHOA. ...LISTEN, FORGET
THESE QUESTIONS. PRENDU DOING ANYTHING TONIGHT?

GAW-PETERS

I AHATE YOU.
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e True Size of Africa L LE
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A small contribution in the fight against rampant Immappancy, by Kai Krause Sources: Britannica, Wikipedia, Almanac 2010 g Au;:::: jg;ggz EZS
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sufficient geographical knowledge. 1 Algeria 2381741 160
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. . . 13 Greenland  2.166.086 1,50
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Not entirely unexpected, but still rather unsettling, 17 Libya 1759540 1,20
the majority chose “1-2 billion” and “largest in the FRANCE - Mongols  1eette0 110
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. . 21 Chad  1.284.000 086
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Japan and all of Europe - combined! UNITED STATES 38 Chile 756102 0,51
( with Alaska & Hawaii ) 39 Zambia 752612 051
40 Myanmar 676.578 0,45
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46 Madagascar 587.041 0,39
USA 9.629 47 Botswana 582.000 0,39
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Spain 506 The graphical layout of this map is meant purely as a visualization to 59 Paraguay 406752 027
. PP 60 Zimbabwe ~ 390.757 026

illustrate the fact: Africa is much larger than almost everyone assumes!
Papua New Guinea 462 61 Japan 377.930 0,25
Even totally blurred outlines could have been used to make that point, India 62 Ge(’:"'a“y 357.114 0.24
) o 63 Repot.Congo  342.000 023
Sweden 441 however the table at left is very accurate, citing: 61 Finland 338.419 0.23
http:/en.wikipedia.org/wiki/List of countries_and_outlying_territories_by_total _area 65 Vietnam 331.212 0,22
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Note for instance that the figure in the table for the USA does include 67 Norway 323.802 0,22
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N I 14 conservative size has ‘left-over parts’. 4 78 Guinea 245.857 0,17
epa 7 ) ) ) 79 United Kingdom 242900 0,16
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cal information. Numerous other side-by-side comparisons have been 87 Senegal 196.722 0.18
made, this is by far not the first and hopefully not the last such map: 88 Syria 185.180 0,12
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i 90 Uruguay 176.215 0,12
on. 91 Suriname 163.820 0,11
Just for Reference: ) ) ) ) oo 92 Tunisia  163.610 0,11
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L ab: mapping



Mapping lab

Using the TB data from the World Health Organization
(who.csv)

e Create a geographic visualization
e Choose an appropriate projection

e Post your completed map to #lab6



