An Introduction to CartOgraphy Maps Maps Maps Maps

Image: The Ecumene, 1482 redrawing of Ptolemy’s world map
https://commons.wikimedia.org/wiki/File:Claudius_Ptolemy-_The_World.jpg




Agenda

- Why should we learn about mapping?
- What cartography principles do we need to know?
+ How do we draw maps”

- Where can | go for more?



Why mapping?



Cartography

- Cartography: the practice, science, and art of drawing maps
- Like most data visualization, cartography can be pertormed
+ Well or
- Poorly
+ How do good maps go bad?

- Substance, perception, aesthetics



How do good maps go bad”

- By not paying attention to
the mode of graphics
reproduction

Wall Street Journal, 2012 https.//web.archive.orqg/web/2017010605404 7/http://
www.mediaite.com/print/divided-no-more-wall-street-journal-prints-hilariously-
confusing-electoral-map-showing-unanimous-obama-win/

.. "*
9

if,

' | h 50
_"mr was riven
al lines gath-
3 to elect its
| ‘. nt. That presi-
four years dividing
kﬂ: basis pl eco-
campaign re-
‘vealed no evi
dence that Mr.
Obama will close
the chasm he has
created between
his voters and
those he attacked
and wvilified,
It may be true
that Mitt Romney
fatlad to roenond



https://web.archive.org/web/20170106054047/http://www.mediaite.com/print/divided-no-more-wall-street-journal-prints-hilariously-confusing-electoral-map-showing-unanimous-obama-win/
https://web.archive.org/web/20170106054047/http://www.mediaite.com/print/divided-no-more-wall-street-journal-prints-hilariously-confusing-electoral-map-showing-unanimous-obama-win/
https://web.archive.org/web/20170106054047/http://www.mediaite.com/print/divided-no-more-wall-street-journal-prints-hilariously-confusing-electoral-map-showing-unanimous-obama-win/
https://web.archive.org/web/20170106054047/http://www.mediaite.com/print/divided-no-more-wall-street-journal-prints-hilariously-confusing-electoral-map-showing-unanimous-obama-win/

How do good maps go bad”

- By prioritizing aesthetics
over perception

7.
PANDORA

. ‘Are We Faded'
by Keys N Krates

‘Breath'
by Croquet Club

. Classic (Feat. Powers)'
by The Knocks

‘Desert Night'
by RUFUS DU SOL

- ‘Don’t Ask Why (Feat. Kyiki) (Radio Edit)’
by Moon Boots

‘Favourite Addiction (Feat. Clarian)'
by Digitaria

Forever'

by Majid Jordan

'Heroes (We Could Be) (Feat. Tove Lo)'
by Alesso

I Lived (Arty Remix)'

by OneRepublic

‘Lovers On The Sun (Feat. Sam Martin) (Extended)’
by David Guetta

‘Mountain Top (Radio Edit)’
by Kraak & Smaak

‘Right For You (Feat. Banks)'
by Lil Silva

‘Take Me'
by RUFUS DU SOL

"Tell You Why'
by Route 94

- "‘When We Were Young (Feat. The Chain Gang Of 1974)'
by Dillon Francis & Sultan & Ned Shepard

https://www.vox.com/2015/2/18/8056325/bad-maps



How do good maps go bad”

Poor substance

<
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Super Bowl wins
by country

httos.// www.vox.com/2015/2/18/8056325/bad-maps



How do good maps go bad”
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How do good maps go bad”

- Poor substance.
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How do good maps go bad”

Errors with the production
DroCess

And a fallure to double
check

“Hong Kong”

ORD| | GIANT HORNETS KILL 42 PEOPLE IN CHINA 3%

.‘L

RIGHT NOW CcHICAGO £—71° DETROIT -—66° HousToON © 77°
AENTAL HEALTH EVALUATION IN MIRIAM CAREY'S HOME AFTER DC (IS

https://www.vox.com/2015/2/18/8056325/bad-maps



How do good maps go bad?

Errors with the production
DroCess

And a failure to double
check

Tripoli is the capital of
Libya, not Lebanon

https.//www.vox.com/2015/2/18/8056325/bad-maps

TURKEY

Tripoli|

“ SYRIA
' . LEBANON

JORDAN

SAUDIARABIA




How do good maps go bad”?

Errors with the production
DroCess

And a failure to double
check

That is not Cannes, nor is
It France

https.//www.vox.com/2015/2/18/8056325/bad-maps



How do good maps go bad”?

Errors with the production
DroCess

And a failure to double
check

Pakistan, not Ukraine

https://www.vox.com/2015/2/18/8056325/bad-maps



How do good maps go bad”?

Errors with the production
DroCess

And a failure to double
check

-’

Yugoslavia reunited;
called Bulgaria
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MediaMishaps.com

https://www.vox.com/2015/2/18/8056325/bad-maps



How do good maps go bad”?

+ Errors with the production

OrOCESS ’ .
- EBOLA
- And a fallure to double ~
~heck PREADS ¢

1603 cases, 887 deaths

_ _ _ / 23% fatality rate
* Niger, not Nigeria

https://www.vox.com/2015/2/18/8056325/bad-maps



How do good maps go bad”?

Errors with the production
DroCess

And a failure to double
check

1 Egypt”

https.//www.vox.com/2015/2/18/8056325/bad-maps
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How do good maps go bad”?

+ Errors with the production
DrOCESS | '

-CLASHES AND TENSIONS IN CRIMEA

- And a failure to double
check

- Czechoslovakia lives!

https.//www.vox.com/2015/2/18/8056325/bad-maps



How do good maps go bad”?

Errors with the production

Drocess = me—
| SING TEE
And a failure to double R, P
check y

' . Al

B

We’'re not even immune
In our own country. 2 . _
Sorry, uh, “ldaho”  ANDERSON | Lo o R

NEW DETAILS JUST IN
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How do good maps go bad”

Now, much of this comes
from an understandable
lack of knowledge of

geography

“A Brit tries to label the
United States”

https://www.vox.com/2015/2/18/8056325/bad-maps



How do good maps go bad”?

- Now, much of this comes
from an understandable
lack of knowledge of

geography
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+ “"A Australian tries to label
the United States”

- Which is fair for an average e e '”"9‘"“’
citizen. But Iif you’re
making a data graphic,
you owe It to yourself to “.
double check

https://www.vox.com/2015/2/18/8056325/bad-maps
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How do we make a good map?

+Attention to core graphics principles (Healy)
Perception
+ Substance
+ Aesthetics

- With special focus on the constraints and constructs of cartography



What cartography principles do | need to know"?



Outline

- |[. What is a map”

- |l. Elements of Maps

- |ll. Coordinates

- [V. Projection

- V. Areal Units

+VI. Color and Contrast

» VII. Overall Design



. What is cartography?



Cartography 101: What is a map?

- A map Is a model of space

+  All models abstract, eliminate detail, simplifty, and emphasize




"All models are wrong.”

—attributed to George Box (statistician)



‘Some models are usefully wrong.”

— also attributed to George Box



A simple political model of the world
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What’s omitted here?

- Everything (almost
- Jopography
+ Demography
- Economy
-+ Non-large water

+ Any politics not an
INnternational boundary

+ the list goes on

Political Map of the World, January 2015
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"A map Is not the territory it represents, but, If
correct, It has a similar structure to the territory,
which accounts for its usefulness.’

- Alfred Korzybski


https://en.wikipedia.org/wiki/Alfred_Korzybski

‘Map Is not Territory”

- What are we trying to illustrate”? What function are we trying to perform?
Navigate roads, seas, or backcountry?
+Analyze or visualize spatial relationships?
- Tell a story”
Persuade”

- Create art?



‘Map Is not lerritory”

- We will always omit data - map is not territory - but a good map:
lllustrates its fundamental contrasts and serves its primary purpose while
Not misleading its audience about either
- Ihe fundamental data relationships it Is trying to show

+ Other related data relationships in the territory



. Elements of Maps



Fundamental Elements

Point - locations of interest
Lines - connections, routes, links, borders

Polygon - area, area characteristics



Styling and Informational Elements

- Color
- Often, our primary mechanism for encoding contrast
+ Categorical vs Continuous
Labels

- Scale

Relationship between map distance and real-world distance



Points



LInes






Styling options: color




Styling options: point labels

Thg Dalles, OR
o

Oregon City, OR

o,
Fort Boise, ID\
.—.

Three Island X-ing Fort Hall, ID

O ___Fort Laramie, WY
South Pass, WY o,

Fow;t. Bridger, WY

Scotts Bluff, NE
@

N,
®
Chimne\y‘

Rock, NE



Styling options: combining point labels and color

Thg Dalles, OR
o

Oregon City, OR

o.
Fort Boise, ID
Thr@.e Island X-ing o
Fort,Hall, ID
South Pass, WY ,
O __Fort Laramie WY
Scotts T3Iu_fj, NE
RS
: On
Fogt.grldger, WY Chimney*’Rock, NE

Independence, MO
~e



Adding scale, data, and orientation information

Thg Dalles, OR
o
Oregon City, OR
Rort Boise, ID
®
: i Fort Hall, ID
Thr@.e Island X-ing °
South Pass, WY
O%Lﬁw,‘WY
Scotts @quf, NE
: ) .\
Fogt’Brldger, WY Chimney'Rock, NE
@
Independence, MO
N
I S 600 km @

Data: rnaturalearth (states). Waypoints are approximate.



[l. Coordinate systems



Mathematics of map drawing

- We're used to drawing graphs with X and Y variables
- This is how we use ggplot
Declare an x and a y In the core command

Map 1t with a geom and apply labels and aesthetics

—

ggplot (df, aes(x = vyears, y = values)) +
geom line(color = "blue", linewidth = 1) +
geom point (color = "red", size = 3) +
labs(ti1tle = "Line Graph (ggplot2)",

x = "Year", vy = "Value")
theme minimal ()




Mathematics of map drawing

Mapping relies on similar X and Y, but are less abstract:

- We use coordinate systems (like latitude and longitude)

ggplot (data = us states,
mapplng = aes(x = long, y = lat, group=group))+
geom polygon (fill = "white", color = "black")

Simple, right”?

- Not so fast.



We have many, many coordinate reference systems

+ (Geographic coordinate system
+ (Geocentric coordinate system
Projected coordinate system

Engineering coordinate system

- \ertical reference frame



We have multiple coordinate reference systems

+ Even within the nice frames of Latitude and longitude

t h e g eo g ra p h | C COO rd | ﬂ ate Main articles: Latitude and Longitude
SySte m (‘ at |'t L d e an d ‘ on g I't L d e) , The latitude ¢ of a point on Earth's surface is defined in

one of three ways, depending on the type of coordinate

we have d |ﬁe reﬂt eﬂCOd | ﬂgS system. In each case, the latitude is the angle formed by

the plane of the equator and a line formed by the point

aﬂ d Staﬂ d ardS g on the surface and a second point on equatorial plane.
What varies between the types of coordinate systems is
— iy :
vertical from the surface point intersects the
1 , | .
: I:O r ﬂ OW, O U r g Oa‘ IS ﬂ t tO d |Ve equatorial plane. Diagram of the latitude ¢ and longitude 4~ =

e In a geodetic coordinate system, the second point is angle measurements for a spherical model of

IﬂJ[O aH Of th |S . H: ,S JUSt to found where the normal vector from the surface of the Earth

the ellipsoid at the surface point intersects the

acknowledge Its presence equatorial plane.

e In a geocentric coordinate system, the second point is the center of Earth.

how the point on the equatorial plane is determined:

e In an astronomical coordinate system, the second
point is found where the extension of the plumb bob




V. Projection



Problem 2: geometry

- Maps project a spherical area onto a flat surface

- We call this a map projection
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Projections courtesy of Wikipedia, CC BY-SA 4.0



Mercator

Often shown
more like this




Robinson




Boggs Eumorphic




L oximuthal




Van der Grinten
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Geometry frustrations

No map exists that:
Shows the whole earth

And does not distort at least one of:

Shape
Size/area If you want to get mathy about it,
this is an implication of Gauss’
Distance Theorema Egregium
(aka “Remarkable Theorem?”) in
differential geometry

Direction



The Globe




Mercator

- Perserves angle (direction)
but not area

+ Good for navigation

+ Not good for implicit

comparisons of size




Behrmann

- Preserves angle (direction) and area

+ But not shape
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This has real world

consequences

https://www.reuters.com/graphics/AFRICA-MAP/Igpdagrdyvo/
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Real-world consequences

The Mercator projection aided o o
navigation by turning rhumb lines into ~~ > Cylindrical projection unfolded

straight lines. However, it also 902 N
exaggerated the size of territories
far from the equator. \ A
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This has real world

Africa 30.3 million km?

consequences

FINLAND

SWEDEN SPAIN
A FRANCE

Total countries  29.9 million km?

United States 9.8
China 9.6
SAUDI India 3.3
ARABIA Saudi Arabia 2.
Peru 1.3
France 0.6
Spain 0.5
Sweden 05
Japan 0.4
Germany 0.4
Finland 0.3
Norway 0.3
United Kingdom 0.2

UNITED
KINGDOM

https://www.reuters.com/graphics/AFRICA-MAP/Igpdagrdyvo/



"All models are wrong.”



"All models are wrong.”

‘Map Is not territory.”



"All models are wrong.”

‘Map Is not territory.”

“All maps lie - but they lie Iin different ways”
- Attributed to many



V. Areal Units



Areal Units

Lots of the time, we'll map incidence of phenomena across space
In doing so, we need to block that space into units
+ We tend to use units familiar to us:
+ Counties
- States
- Countries

- The problem: the way we block our units change the way we perceive variation



An overly simple example: 2016 president by county




An overly simple example: 2016 president by state




An overly simple example: 2016 president by country




The ecological tfallacy

Inferring lower level (individual) behavior from higher-level behavior

Maps often encourage us to do this. We should resist this



The Modifiable Areal Unit Problem (MAUP)

t's tempting to think that the answer is to “always go smaller”

But it's not just about going smaller. The way boundaries are drawn matters,
(6]0

Let’s say we're trying to measure population density



A classic MAUP



County A

O
Size = 200 ®
Density =  100/km? ©
® o
O
County B
Size = 50

Density = 25/km?

A classic MAUP



County A
Size = 50
Density = 25/km?

County B
Size = 200
Density = 100/km?2

A classic MAUP



Smaller units obscure contextual information




Smaller units obscure contextual information




Smaller units obscure contextual information




Smaller units obscure contextual information




You can use these two features to really olbscure, If you want




You can use these two features to really olbscure, If you want

Area A

very dense!

Area B

very rural!




You can use these two features to really olbscure, If you want

;‘ Area A

Q.QO moderately dense!

3!

“ : Area B
moderately dense!

(X

®
o‘.z
®

e
~oo,




You can use these two features to really olbscure, If you want

Area A

everyone!

Area B

no one!




You can use these two features to really olbscure, If you want

Area A

everyone!

Area B

one lonely person!




This is all fun and games until important policy becomes involved

Area A

ilIness rate 0%/

Area B

illness rate 100%!

® No infectious disease

A Infectious disease case




Boundaries matter

A boundary in Dar es Salaam, Tanzania



Boundaries S
matter |

The Raitl- e - S ‘ X B e s
Domican '

Republic

Border on

Hispaniola

https://www.unep.org/resources/assessment/haiti-and- it

. S i p= I : . . &

dominican-republic-environmental-challenges-border-zone Courtesy of the United Nations Environment Programme, www.unep.org.



VI. Color and Contrast



Color and contrast

- We engage In visualization to draw similarity and contrast

In the world of regular visualization, we have:

LLEELL OB E ® % -mhE

Position Length Angle Circular Rectangular Areas
Area

But note how the constraints of cartography make these less applicable



Color and contrast

- Enter Jacques Bertin, french cartographer.

- Semiologie Graphique

Bertin’s Visual Variables

POSITION SIZE SHAPE VALUE HUE ORIENTATION TEXTURE
(o)
a o e A g o o ¢ 0 / O g ©
.. ° o . . . . . . ' — @ O
A o
A® o o ¢ \ | 2 ©
. A N ] o y 7]
e . a ® o o o I ~
Q m A a
. o [l o O
* o ® . - ° o ° e ©
a} [ Q o |
B o A o s} o ® O
Selective Selective Associative Selective Selective Selective Selective
Associative Ordered Ordered Associative Associative Associative
Ordered Quantitative Quantitative (sometimes) Ordered
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https://www.axismaps.com/guide/visual-variables



Guidelines

Match graphical element to usage

Point: size, shape, color (hue and value) IR .

Line: size, color, pattern/texture wmm  .e..... ---

- Area: color (hue and value), texture
Match data type to visual encoding
- Categorical data: shape, texture, color

- Continuous data: color hue, color spectrum



Color theory

There are three main kinds of color schemes
Sequential
Diverging

Qualitative

credit this section: https://www.e-education.psu.edu/geog486/node/846



https://www.e-education.psu.edu/geog486/node/846

Sequential Color
Schemes

+Using only color




#
* Where Irish Eyes Are Smiling

U.S. percentage Irish ancestry: 10.1%
lrish ancestry as a percentage
of each county's population

%

Percent

20.0 or more
150t019.9
10.0t0 14.9
50t0 99
Less than 5.0

United States®  U.S. Department of Commerce Source: 2013-2017 American Community Survey.

Fconomics and Statistics Administration FOr information on (()ﬂf!(i(‘l‘:t'(l'l:)' protection,
e n S u S U.S. CENSUS BUREAU ‘;.:lnplll\.f_; error non-;m*.plm-:_; error, and definitions,

e U rau census.gov SO0 CWWW.CeNSUS.GOV/ACS WWW>




Sequential Color
Schemes

+ Using color and hue




Evapotranspiration (mm/day)

9

Fg

0



Diverging Color
Schemes

For scales that have
a natural zero or
Midpoint
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https://www.nytimes.com/interactive/2018/upshot/election-2016-voting-precinct-maps.html#6.30/42.82/-74.91



Diverging Color
Schemes

For scales that have
a natural zero or
Midpoint

- With and without
Midpoint
categories




Projected Changes in Seasonal Precipitation

Winter

|

Change (%)

I [
30 20 -10 O 10 20 30




Qualitative Color
Schemes

For nominal data

Encourage clear
contrasts




Most Popular
Kind of Dessert

. ce Cream Cake




Land Cover

NLCD class
B Open Water

Perennial lce/Snow

Developed, Open Space
" Developed, Low Intensity
B Developed, Medium Intensity
B Developed, High Intensity
~ Bare Rock/Sand/Clay
" Deciduous Forest
B Evergreen Forest
- Mixed Forest

~ Shrub/Scrub

Grasslands/Herbaceous

Pasture/Hay
2 Row Crops

Woody Wetlands
" Emergent Herbaceous Wetlands




This is a lot. How do | specity these kinds of things?

+ https://colorbrewer?.org/

Number of data classes: 3 ¢ i

Nature of your data:

i

« sequential QOdiverging O qualitative

Pick a color scheme:
Multi-hue:

Single hue:

[

l

\

[ NT 111

color transparency

||

© Cynthia Brewer, Mark Harrower and The Pennsylvania State University

O Source code and feedback

Back to Flash version
Back to ColorBrewer 1.0

e
Only show: i | 3-class BuGn
O colorblind safe @ [ C_z,':? 0 X ]'\ o=
g o
O print friendly HEX ¢ o
(O photocopy safe s
c #e5f5f9
ontext:
#99d8c9 TN
(O roads
O cities . #2ca25f
v borders B
Ea
Background:
* solid color E
O terrain
[}

@ axismaps


https://colorbrewer2.org/#type=sequential&scheme=BuGn&n=3

Describing color with language

Lightness

Hue

Saturation (Chroma)



Color wheels

] L L T e —— e




Color wheels

Color wheels are particularly
valuable for describing color to
COMPUTErS

Humans, however, do Not
always perceive space on color
wheels like computers do




Your brain will refuse to acknowledge this

-+ Sqguare A and B are the same color

- We interpret that shadow so hard

» Induction: colors appear
differently depending on
the backdrop on which

they appear 4
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Your brain will refuse to acknowledge this

-+ Sqguare A and B are the same color

- We interpret that shadow so hard

» Induction: colors appear
differently depending on
the backdrop on which

they appear 4



Induction iIn a map




For fun: representing geographic space with color

- Visualizing the lived natural environment of voters

2016 election results by precinct

In the election map, Donald Trump won red areas, and Hillary Clinton won blue ones
Labs; Precinct-level data compiled by Ryne Rohla, U.C.L.A.

Source: Descartes

o
4,

8.

In the election map, Donald Trump won red areas, and Hillary Clinton won blue ones

Source: Descartes
Labs; Precinct-level data compiled by Ryne Rohla, U.C.L.A.

https://www.nytimes.com/interactive/2020/09/02/upshot/america-political-spectrum.htm|



Visualizing the lived natural environment of voters

Aerial Images of Landscapes Across the Political Spectrum
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+40 +20 Even +20 +40

+100 pts. +80 +60
Clinton won by more Margin of victory Trump won by more

<

Each image shows an area 0.5 kilometers across.




Finger Lakes, New York




ue Ridge, Virginia




Mojave Desert, California




Denver, Colorado




The colors of Trump and Clinton precincts

| | | |
+60 +80 +100

| | | | |
+100 pts. +80 +60 +40 +20 Even +20 +40

Clinton won by more Margin of victory Trump won by more

<



Represented as color landscapes

75% of land is...

50%
Developed land in
cities and towns
25%
| | | | | | | |
+100 pts. +80 +60 +40 +20 Even +20 +40 +60 +80 +100

< Clinton won by more Margin of victory Trump won by more >




VIl. Design



Overall design and layout

Largely aesthetic, but use your taste
- Clean titles, labels, whitespace, map inserts, credits
»+ And consider purpose
Reference”? Thematic/pattern focused? Storytelling? Artistic’?
Pure reference: more context needed (roads, rivers, boundaries)

Patterns: orienting viewer to space, fewer reference points



How do we draw maps”



We have to save something for next time

+ Workshop

- Drawing maps in R

- Soclal network show and tell
+ Next Tuesday

+  EXpanding our data mapping chops



