Statistical cartography

A short introduction for mapmaking from official statistics
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https://eurostat.github.io/eurostat-map.js/examples/population-change.html
https://eurostat.github.io/eurostat-map.js/examples/prop-circles.html

Objective

* Introduce base cartographic design principles for statistical maps.
* “Dos and don’ts” for correct and efficient map making.

« Examples of maps.




Cartography, GIS, spatial analysis
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The cartographic language

From meaningless gibberish... ... to efficient message... ... to masterpiece

O

To be, or nol to le.

The dog is in the garden.
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https://eurostat.github.io/eurostat-map.js/examples/prop-circles.html
https://eurostat.github.io/eurostat-map.js/examples/population-change.html

The cartographic language

Words Grammar, rules Litterature
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https://eurostat.github.io/eurostat-map.js/examples/prop-circles.html
https://eurostat.github.io/eurostat-map.js/examples/population-change.html

Semiology of graphics
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Visual implantations

* Point

 Show location

e Line

« Show a limit, a trajectory, a connection

 Area

« Show a portion of the plan
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Visual variables
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Visual variables

Color hue

Texture

Color value
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Visual variables — levels and lengths

* Levels
« Association — Elements can be perceived as similar.
« Selection — Elements are perceived as different, forming families.
» Order — Elements are perceived as ordered.
* Quantity — Elements are perceived as proportional to each other.
* Length
 Number of differenciable categories which can be represented.

« Depends on the implantation and visual variable.
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Visual variables - Orientation
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Synthesis

A grammar for mapmaking
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Focus on official statistics

* Types of variables: Nominal, ordinal, numeric (absolute / relative)

« Organised into a hypercube structure, X dimensions.

* Implantation:

« Aggregates, usually on areal statistical units.
« Sometimes micro data, on point unit records.

* More rarelly, on linear statistical units (network).
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Focus on official statistics - Eurostat

_- Important legal notice SIZE
v3.7.0-20201106-5867-ESTAT_LINUX_PROD _
eurostat DATAEXPLORER_PRDWIs31 SHAPE VALUE
. -
Exp anatory texts (me * A —
— — m— |
Population on 1 January by age group, sex and NUTS 2 region
[demo_r_pjangroup] . AT _— b —
Last update: 11-03-2021 POSITION ||| -
Table Customization show ) = ORIENTATION [ ﬂﬂ]mm TEXTURE
/ \ W
TIME | + [GEO ]|_||||
i Age class “#* Unit of measure l l .
Total MNumber
-  TIME b 2016 2017 2018 COLOUR
“ GEO ¥ | v
Norway 5,210,721 5,258,317 5,205,619 4
Norge 5,210,721 5,258,317 5,295,619
Oslo og Akershus (statistical 1,251,687 1,271,127 1,287,495
Innlandet 384,221 385,669 386,836
Ser-@stlandet (statistical reg aqa 764 aa” agn coa e20 T
»
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Some rules for statistical map template

« Cartographic projections
« Generalisation — aggregation
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artographic projections

McBryde-Thomas FPP McBryde-Thomas FPQ McBryde-Thomas FPS McBryde-Th. FPQ (i.) Mercator

Kk

* European
Commission

* %t



Cartographic projections

* Projection introduce distortion in size, shape or both.

« Equal area projections preserve size.

» Conformal projections preserve shape/angle.

« Compromise projections

* |llustration with Tissot’s indicatrix

--t oo 4'*;: :. 6‘”*-
KX oginﬁ e ﬂi@

® 06 o0 ..‘.

European
Commission




Cartographic projections

World Mercator projection with true country size added

European
Commission
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Cartographic projections

North Korea’s missiles range, the Economist, 2003

LG
\ “. (1) Nodong 1,300km (2) Taepodong 1 2,000km
BN (3) Musudan 4,000km (4) Taepodong 2 8,000km

CANADA ALASKA, UJ :

North Korea’'s missile threat
Type Maximum range Payload Status

Hadong () 1300km (810 miles]  700kg (1,550 pounds)  Currently deployed

Taepodong-1 6 Up ta 10,000 km Several hundred kg Test failed 1998, not yet operational
Tagpodong-2 10,000-15,000 ki Several hundred kg Mot yet tested

Sawrce: Task Force For US Eorea Policy, Centre for International Policy

— European |
= Commission

Source: George C. Marshall Institute B[B[C) y/i

/////////

https://georeferenced.wordpress.com/2014/05/22/worldmapblunders/



https://georeferenced.wordpress.com/2014/05/22/worldmapblunders/

Cartographic projections

« Spilhaus projection

Spilhaus, A. (1942). "Maps of the whole world
ocean." Geographical Review, 32 (3), p. 431-5.
doi: 10.2307/210385
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https://www.jstor.org/stable/210385

Simplification — generalisation

* Need to keep information simple

« Keep suitable information density,
depending on the scale

* Improve legibility

0,6 mm

0,3 mm
x 0,6 .0,7 mm

0,5 mm
[Salichtchev 1967; Cuenin 1972]
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Simplification — generalisation

* The case of topographic maps.

Displacemeant
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Simplification — generalisatior




Simplification — genera

* For thematic maps, need to
adapt implantation to the scale.

« Aggregation units.

« Show clusters — as proportional
symbols.

« Show as isoline — kernel
density.

A Mines d'étain ‘
e Mines dg cuivre |

@ Mines d'étain
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The cartographic language

Words Grammair, rules Litterature
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https://eurostat.github.io/eurostat-map.js/examples/prop-circles.html
https://eurostat.github.io/eurostat-map.js/examples/population-change.html

Gallery of statistical maps

Choropleth, proportional symbols,
isopleth/isoline, dot density, dasymetric,
proportional composition, proportional
shades, small multiple, cartograms, flow
maps, multivariate, time series, Chernoff
faces, etc.

European
Commission



Choropleth

* From greek: choros (space) and
plethus (quantity).

« Use color value (or ordered texture)
to show the variation of a statistical
variable.

« To show relative values (rates,
percentages, densities, etc.).

Change in regional unemployment rates between 2013 and 2014

eurostatim

B Change of -1.3 pp o over Administrative boundaries: © EuroGengraphics © UN-FAQ © Turkstat
B chenge bebween -0.5 pp and 1.2 pp Cartography: Eunostal — GISCO, 042016

[ change between 0.0 pp and 0.4 pp
[ change of +0.1 pp or aver

I Data not avaiasie o mm  oawe om0 ok
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Choropleth — classification

 How many classes?

» Depends on the number of values and their spatial distribution.

» Keep colors ordered and differenciable. Usually, around 7.

» Continuous colors also possible =
* More usual methods offered by GIS:

« Equal intervals, Quantile, Natural breaks (Jenks optimized), Standard deviation, ...

 What is the most suitable classification method ?

European
Commission




Choropleth — classification

Equal intervals Quantiles Natural breaks enks) Standard deviation
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Choropleth — categorical

* For nominal data

« Use color hue (or
differenciated texture)

. Predominantly urban regions
[[] Intermediate regions

[ Predominantly rural regions

https://ec.europa.eu/eurostat/statistical-
atlas/qis/viewer/?mids=BKGCNT,C99M01,CNTOV
L&0=1,1,0.7&ch=C01,TRC, TYP&center=53.04282,
20.92576,3&Icis=C99M01&

a

pean
mission


https://ec.europa.eu/eurostat/statistical-atlas/gis/viewer/?mids=BKGCNT,C99M01,CNTOVL&o=1,1,0.7&ch=C01,TRC,TYP&center=53.04282,20.92576,3&lcis=C99M01&

Choropleth — Color

Regionale Arbeitslosigkeit
Arbeitslosenquote Ende Juni 2017 in Prozent

Jeweils niedrigste Rohrbach 2,1
und hochste Werte

Eferding 2,8 _

Zahlen ohne Schulungsteilnehmer

V, -
ab9,0 |

Wien 12,4

Wr. Neustadt 10,5

Color value: order

Color hue: selection

European
Commission



Choropleth — Color palettes

MNumber of data classes: (8 ¥ [l howtouse updates downloads credits
Mature of your data: i
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Pick a color scheme: =-_-.‘}=
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https://colorbrewer2.org/

Choropleth — Color palettes

« Exemple from d3-scale-chromatic library.

» Sequencial palettes (ordered color values)

Discrete Continuous

(9 classes)

European
Commission



https://github.com/d3/d3-scale-chromatic

Choropleth — Color palettes

* Diverging palettes (ordered color values, with 2 color hues for differenciation around a
central value)

Discrete Continuous

(9 classes)

« Categorical palettes (differenciable color hues)

European
Commission




The modifiable areal unit problem (MAUP)

* Influence of the size and shape of the statistical unit on the aggregated
statistical figure.

Region Set A Region Set B HOW TO STEAL AN ELECTION
Three Address Points i
5| o R =5
3 . o A o
L One I
E N lliness "
Event
lliness Rate 0%
2 [ |
&
g o | [tnese l
] ™ 0% m 50 PRECINCTS 5 DISTRICTS 5 DISTRICTS
< 5':% BLUE SBLUE 3 RED
0 RED 2BLUE
liness Rate 50% 40% RED BLUE WINS RED WINS

European
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Typology of population growth trajectories
of the French counties ("départements") between 1968 and 2009

- Absolute and regular decline
. Absolute but irregular decline

. Permanent slowdown

. Slowdown despite
periods of increase

. Stagnation
Increase is irregular
but ends above national average

. Increase is continually
above national average

Source: INSEE, RP1968, RP1975, RP1982, RP1990, RP1999, RP2009 Authors: Doignon Y., Oliveau S. (2016)

European
Commission



Typology of population growth trajectories
of the French districts ("cantons") between 1968 and 2009

- Absolute and regular decline
. Absolute but irregular decline

. Permanent slowdown

. Slowdown despite
periods of increase

. Stagnation
Increase is irregular
but ends above national average

. Increase is continually
above national average

European
. s . Commission
Source: INSEE, RP1968, RP1975, RP1982, RP1990, RP1999, RP2009 Authors: Doignon Y., Oliveau S. (2016)




Typology of population growth trajectories
of the French municipalities ("communes") between 1968 and 2009

Source: INSEE, RP1968, RP1975, RP1982, RP1990, RP1999, RP2009

- Absolute and regular decline
. Absolute but irregular decline

. Permanent slowdown

. Slowdown despite
periods of increase

. Stagnation
Increase is irregular
but ends above national average

. Increase is continually
above national average

Authors: Doignon Y., Oliveau S. (2016)

European
Commission



The modifiable areal unit problem (MAUP)

 Recommendations:

« Use pertinent spatial level: Inter-region disparities should be higher than intra-region
disparities

» Use regions with comparable sizes and shapes

» Best solution: Regular tesselations - Grids

European
Commission




Proportional symbols

GDP, 2018

e Size visual variable.

* To show absolute values
(quantities, numbers, etc.). i

« Can be used in
combination with color, to

show a second variable.

Total GDP (million EUR)

€ 3 400 000
% 1700 000

1100 000

GDP per inhabitant (EUR)

European
Commission




Proportional compositions

Landessprachen in den Kantonen, 2000
Langues nationales parlées dans les cantons, en 2000

Langages of oLy
Switzerland —

(as proportional
pie chart map)




Combinations

* Employment in 2016 f
» Rate (choropleth)
* Number (circle size)

» By sector (circle color hue)

Share of economic sector

s Rolnictwo
iculturne
Na 1000 ludnodci <@ v

Per 1000 population < industry
=== ::::2:6 mwp':rmemwwi

(] w2

] o

0102030405060?0809131“)2(“”350&‘

European
Commission

Statistical Atlas of Poland and statistical atlases of voivodships



Culture centres in 2016 Population change, 2017-2030

%
13,8-26,5
82-137
45- 8.1

TR T

N o N
T TT T

ol £

Statistical Atlas of Poland and statistical atlases of voivodships



Proportional shading

« Area texture representing a composition




Proportional ¢

https://eurostat.github.io/eurostat-
map.js/examples/livestock composition.html

European livestock composition in 2018

Animals



https://eurostat.github.io/eurostat-map.js/examples/livestock_composition.html

Dot density

« Use a pattern of pseudo-random point symbols to represent intensity of a

phenomena.

« Example: 1 dot = 1°000 votes
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https://carto.maps.arcgis.com/apps/webappviewer/index.html?id=92b34567b8144b93a9f302ea0e3443b9
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https://carto.maps.arcgis.com/apps/webappviewer/index.html?id=92b34567b8144b93a9f302ea0e3443b9

Dasymetric dot density

« Utilisation of auxilary geographical data to reapportion from one location to
another.

« Example: 1 dot = 1°000 votes

turopean
Commission

https://carto.maps.arcgis.com/apps/webappviewer/index.html?id=8732c91ba7a14d818cd26b776250d2¢c3



https://carto.maps.arcgis.com/apps/webappviewer/index.html?id=8732c91ba7a14d818cd26b776250d2c3

ISOpleth — Isoline Local 7-Day-Incidence

March 27, 2021

« Show lines of equal values

« Show smoothed continuous
variations accross space

https://www.inwt-statistics.com/read-
blog/covid-19 heat-map of-local 7-
day incidences over time.html

I IS
<10 <20 <35 =50 <100 <150 <200 <300 =500 =500


https://www.inwt-statistics.com/read-blog/covid-19_heat-map_of-local_7-day_incidences_over_time.html

Isopleth — isoline




Value-by-alpha choropleth

 Make less important regions transparent

~ R | I
. 0-40% % ‘ ~ = 5 " ;
40-50% (s P Sk wy Fgal
50-60% i SoS ST A
B 60-100% " 4 ‘ A
‘ ‘ w i 4 - 3% rfu'-
> -~ ] " o 3 -‘:E}‘ v &
| 5 - 1."-3'v \ ¢ o --
: | ~‘(h -r *-lb'i 2 5
* & »'
- -

The less voters, the more transparent

European |
Commission

http://andywoodruff.com/blog/how-to-make-a-value-by-alpha-map/



http://andywoodruff.com/blog/how-to-make-a-value-by-alpha-map/

Cartogram

» Deformation of space to
change the relative
importance of map regions.

1996

Presidential returns
YyYinner's percentage of
CLINTON
(Democrel) botal popular vots CLINTON DOLE
Il 500 and M (Democral) {Republican)
£ and over = 5000 Square Miles
[ 47.0 to 48.8 I 47.0 to 459 Bl 500 and over [ 50.0 and over
] 47.0 to 49.9 B 47.0 o 49.9

[ Lees than 47.0 [ Less than 47.0 O than 47.0 [ Less than 47.0

https://github.com/shawnbot/topogram

Presidential returns
Winner's percentage of

D = 500,000 People

Population

European
Commission


https://github.com/shawnbot/topogram

Cartogram

SOLIDARITES : LANCIENNETE DES LIENS o 51

LA GEOGRAPHIE DE LA VIEILLESSE

Personnes égées
de 65 ans ou plus en 2010
en pourcentage

de la population totale

- 26

- 21

contraste entre |'ouest bourgeois,
vieilli, et le nord-est encore populaire
(et déja bobo) jeune, puis, au-dela du
periphérigue, une alternance de zones %
un peu plus agées et un peu plus jeu-
nes, traces de I'extension urbaine,
comme les cernes annuelles d’un tronc
d'arbre; enfin un fort vieillissement aux
frontieres des départements limitro-
phes, |a ol cesse la péri-urbanisation.

‘y”' l"?

les surfaces sont déformées proporfionnellement & l'effectif de personnas de 65 ans et plus.

European
Commission



Cartogram - Dorling

Population change (%)

-20 0 20 4060

European
Commission

] https://github.com/eurostat/NutsDorlingCartogram



https://github.com/eurostat/NutsDorlingCartogram

Flows

* Origin/destination matrix s Y o
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https://ec.europa.eu/eurostat/statistics-explained/index.php?title=Maritime_freight_and_vessels_statistics#Seaborne_freight_handled_in_European_ports
https://mappa.mundi.net/maps/maps_014/telegeography.html
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Flows

Flow
composition
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Discontinuities

Qualification des discontinuités
frontaliéres en 2013
Profil des discontinuités
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§ os+ i =
& =
PIBMAB - I | .
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Ampleur des discontinuités
Moyenna des discontinuités de FIB par habitant, faux de chamage,
part des 0-14 ef des 85 ans ef plus dans la population totale en 2013
0.04 017 0.25 0.35 0.6
| —
Faible Forte
discontinuité discontinuité

"/i?roﬁls socio-économiques des
régions frontaliéres en 2013*

- .
- Profil économique favorable,
- mais vieillissant (Med-1, Med-2)
<

‘}z P | Profil favarable (High-1, High-2)
= o,
\§ o | Profil defavorable (Low-1, Low-3)
t a8
L

i | Profil chémage (Low-2)

“regroupements issus de |a typologie des regions
Tromaliéres.
Sowrce des données ; Eurostat, UMS RIATE, ESFON Databasa, 2015

Mote : Données disponibles a I'échelon NUTS3 sauf pour ke taux de chémage (NUTS2)
Fond de care © UMS RIATE, 2015

Etude typologie socic-&conomique des régions frontiéres de I'Union Européenne (2000-2012)
Ronan Ysebasr, UMS RIATE, 2015
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https://carto.maps.arcgis.com/apps/webappviewer/index.ht
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https://carto.maps.arcgis.com/apps/webappviewer/index.html?id=92c66b6d241c4542b1e5afe2bb3b7beb
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Bivariate / trivariate choropleth

Unemployment and population density

DOMINANTS

I:’ young

adult

old
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https://eurostat.github.io/eurostat-map.js/examples/pop-
unemploy-bivariate.html
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https://eurostat.github.io/eurostat-map.js/examples/pop-unemploy-bivariate.html

Small multiples

* One or several maps ?

* Multivariate maps VS small multiples

* For maps with low spatial granularity
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Small multiples

20 years of GDP change in Europe

https://observablehqg.com/@jqgaffuri/20-years-of-qdp-
change-in-europe
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https://observablehq.com/@jgaffuri/20-years-of-gdp-change-in-europe

Multivariate
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https://carto.maps.arcgis.com/apps/webappviewer/index.html?id=a07d96a71cc54468815e7d042e8d6845

Coxcomb

Wildlife Strikes by month

Aviation-related wildlife strikes by month and size

+
i)
S

«

https://carto.maps.arcqis.com/apps/MinimalGallery/index.htm|?appid=218a0e2e4c2540e39b793efeb34c4685#viewer=30066075caaf94 717

8f6c2ae438e7efad
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https://carto.maps.arcgis.com/apps/MinimalGallery/index.html?appid=218a0e2e4c2540e39b793efeb34c4685#viewer=30066075caa947178f6c2ae438e7efa4

The (famous) Minard’'s map of Napoleon’'s 1812 Russian

campaign

* Napoleon’s army across space, time and temperature.
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Time series

A “sparkline” map of COVID 19

How Scotland’s political geography changed, seat by seat
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@datagistips
https://dataqgistips.hypotheses.org/488

https://www.thequardian.com/politics/2016/may/06/holyroo
d-elections-see-rise-of-team-ruth-and-demise-of-labour-
vision



https://www.theguardian.com/politics/2016/may/06/holyrood-elections-see-rise-of-team-ruth-and-demise-of-labour-vision
https://datagistips.hypotheses.org/488

Chernoff faces

« High capability of the human
brain to read emotions on human
faces.

AARONSON,L.H. ALEXANDER.J.M. ARMENTANO,A.J. BERDON.R.I.

BRACKEN,J.J. BURNS,E.B. CALLAHAN,R.J. COHEN,S.S.

DALY J.J. DANNEHY,J.F. DEAN,H.H. DEVITAH.J.
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Chernoff faces

Low  Social Indicators
¢ Services Employees

"% Electorate Voting
‘e Adult Emplovment

£ Vieam Hotsdng Price

1.{};‘:,{‘? Diher Parties

Composition /g

Conwrvalive

High

i

Danny Dorling, 1991
http://www.dannydorling.org/

The Distribution of Voting,
Housing, Employment and
Industrial Compositions in
the 1983 General Election.
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http://www.dannydorling.org/

Atlas of

happiness

by national geographic magazine

Back to basics
b Tricas bt

Life as a whole Diaily happiness Physical Well-Being
o reflect on their Ives ar ) ) Peopie are asked five quastion: ; — o ) wople are quenied on thair

T hew e happy in { E
: [ fari

https://www.nationalgeographic.org/media/atlas-happiness/


https://www.nationalgeographic.org/media/atlas-happiness/

Map components, layout

Change in regional unemployment rates between 2013 and 2014

Ea'™ T
Q_\ - ) ‘_“(‘ Guadeloupe (FR) | | Martinique (FR)
QA -
Oy o
= i - 7
= \Y i

« Map components - Frame, title, legend, source,
copyright, scale bar, north arrow or compass
rose, insets, graticule, logo, disclaimers, etc.

- Layout — Balance, along grid.

« Map lettering and fonts.
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Interactivity and exploration

* Maps for communication — to maps for exploration
* Present — synthetise — analyse — explore

« Zooming: Only when necessary. Show multi-scale versions of the map. Case
with clutter (too much zoom out), and no data (too much zoom in)

European
Commission




Dos and don'ts -

=
*ou T o
T— —
POSITION
Properly map the visual variables to the statistical dimensions ORIENTATION IS "I vexrure

Use only one single visual variable per statistical variable, to avoid confusion

1IN B
=

COLOUR

Use an equal-area map projection

Simplify the geometries, aggregate the data to fit the scale/zoom levels
Do not use diverging color palette in the absence of central value

Do not show quantities/numbers on a choropleth map

Be aware of the MAUP

Adapt to the media: Printed? Screen? Dimensions ?

Do not show a map background with transparency below choropleth map.

European
Commission
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Dos and don’ts

« Specify your map independently from the technology. Take a pen !
Choose the technology based on your need, and not the opposite.

« Choose whatever tool and technology you need.
(almost) everything is possible.

 Start coding, share your code, interact with developers, experiment.

* Github - https://github.com/eurostat

 ObservableHQ - https://observablehq.com



https://github.com/eurostat
https://observablehq.com/

Resources and tools

ColorBrewer: Color Advice for Maps, https://colorbrewer2.org/

https://riccardoscalco.it/textures/

R (Package cartography, see also
http://riatelab.qithub.io/cartography/vignettes/cheatsheet/cartography cheatsheet.pdf)

By Eurostat

» https://github.com/eurostat/eurostat-map.js

* https://github.com/eurostat/GridViz

» https://github.com/eurostat/ReqgionSimplify

Textures.s

SVG patterns for

r Data Visualization

......
ot



https://colorbrewer2.org/
https://riccardoscalco.it/textures/
http://riatelab.github.io/cartography/vignettes/cheatsheet/cartography_cheatsheet.pdf
https://github.com/eurostat/GridViz
https://github.com/eurostat/GridViz
https://github.com/eurostat/RegionSimplify
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Thank you !

julien.gaffuri@ec.europa.eu
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