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Introduction

• We will review briefly the background in applied cartography for using class intervals,

• and describe the implementation of methods available in functionality available in R, in
particular in classInt and associated packages.

• Materials available on https://github.com/rsbivand/eqc23_talk,
https://rsbivand.github.io/eqc23_talk/
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Classed or unclassed

• From Dickinson (1973) to Tyler (2010), via Slocum et al. (2005), key handbooks on statistical
mapping and thematic cartography present similar lists of ways of creating class intervals.

• These authorities stress the need for the creator of the thematic map to consider the
message(s) being conveyed.

• One of the choices facing us is whether to use class intervals or unclassed maps,
representing the variability of the values being mapped by pseudo-continuous variations
in shading or colour (Tobler 1973), or rather to choose class intervals.

• The colour rendering technology of the output device will determine the discrete colur
count available in the pseudo-continuous case.
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Class intervals

• When class intervals are chosen, the legend constitutes a look-up table, from which the
observer can readily read off which shading or colour corresponds to which value interval.

• Such quantising of course transforms interval or ratio-level data to the ordinal level, while
retaining interval or ratio-level labels, as in a histogram

• For nominal or ordinal data, the starting point for class intervals may be given by the
definition of the discrete variables being mapped, but here again input categories may
need to be merged to reach a sensible number of classes.
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Cartograms

• Neither choice avoids the basic challenge of the stronger visual impact of irregular
polygonal observations with larger surface areas, but often administrative data is only
available for such aggregates.

• When gridded data is available, or when cartograms are presented in place of maps of
polygon boundaries, this challenge may be addressed but not eliminated.

• Because these adaptations also need to handle the visual representation of observed
variables, they constitute a distinctly different problem, and will not be considered here.
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Border lines

• Similarly, while the display of boundary lines between the regular or irregular polygon
borders that show the support of the data being visualized is an important question, it will
not be considered here.

• We just note that without some even minimal border line, neighbouring observations with
the same class (or value for unclassed maps) will be perceived as a single entity.
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Multivariate graphics and micromaps

• Class intervals also matter in multivariate graphics, for example with a conditioning
variable (Perpiñán Lamigueiro 2018; Sarkar 2008; Cleveland 1993); in this context shingles
are class intervals that overlap

• Wilkinson (2006) proposed a grammar of graphics, implemented by Wickham (2016) in
ggplot2 and for mapping in tmap (Tennekes 2018)

• These extensions are also taken up in micromap (Payton et al. 2015), and described by
Carr, Pickle, and micromapST Author Team (2010), and implemented in micromapST
(Pickle, Pearson, and Carr 2015)

• These aspects will not be considered here
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Applied thematic cartography



Applied thematic cartography

• The authorities cited in the introduction (Dickinson 1973; Slocum et al. 2005; Tyler 2010)
write for users of thematic cartography rather than for those studying the underlying
principles

• Naturally, the underlying perceptual and semiotic principles are important, but are not
central to this discussion in applied thematic cartography

• Many users simply go with the default, and perhaps resent being asked to choose how to
construct class intervals, despite there being no obvious automatic route

• Software providers like ESRI provide some helpful guidance:
https://pro.arcgis.com/en/pro-app/latest/help/mapping/layer-properties/data-
classification-methods.htm, referring on to:
https://www.spatialanalysisonline.com/HTML/classification_and_clustering.htm
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Class intervals in applied thematic cartography

• As part of an online course: https://magrit-formations.github.io/, a useful distinction is
drawn in https://magrit-formations.github.io/discretisation

• This is based on the univariate classification of variables with many unique values, as
clearly discrete variables with few categories do not require further discretisation (unless
categories need grouping).

• The important distinction is between symmetrical and skewed distributions, where
variables displaying uniform and symmetrical distributions can use equal-width intervals,
and symmetrical distributions can also use intevals based on multiples of standard
deviations from the mean; unclassed maps may work best for uniform distributions

• Skewed and multi-modal distributions should preferably not use these kinds of intervals,
but rather quantiles (equal-count) or observed (natural) thresholds, and skewed
distributions can also use geometric progression 9

https://magrit-formations.github.io/
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Example data set: Lot Departément, France

• Giraud and Pecout (2023) use a data set for the Lot Departément in south-western France
stored here as a GeoPackage file, with a number of layers.

• We will use the 313 commune layer with administrative boundaries from 2020, and
population and economic activity data also from 2020.

• This is a vector example data set; it would be interesting in parallel to consider a raster
data set, but here we use only the vector representation.
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Lot Departément geopackage

We’ll use sf to read the Lot GeoPackage file:

com <- sf::st_read("data/lot46.gpkg", layer = "commune")

## Reading layer `commune' from data source
## `/home/rsb/presentations/eqc23_talk/data/lot46.gpkg'
## using driver `GPKG'
## Simple feature collection with 313 features and 12 fields
## Geometry type: MULTIPOLYGON
## Dimension: XY
## Bounding box: xmin: 539668.5 ymin: 6346290 xmax: 637380.9 ymax: 6439668
## Projected CRS: RGF93 v1 / Lambert-93

and subset labels for the largest observations by population:

bigcom <- com[com$POPULATION > 2000,]
bigcom <- bigcom[rev(order(bigcom$NOM_COM)),]
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Variables: population density and economically active population share

Population density is taken as the population count divided by observation area in square km;
percentage economically active of total population by summing women and men in four sectors:

(com$POPULATION / (sf::st_area(com) |> units::set_units(km^2))) |>
as.numeric() -> com$DENS

vars <- c("AGR_H", "AGR_F", "IND_H", "IND_F", "BTP_H", "BTP_F", "TER_H", "TER_F")
com |> subset(select=vars, drop=TRUE) |> apply(1, sum) |>

unname() -> com$POP_ACT
com$SHARE_ACT <- 100 * com$POP_ACT / com$POPULATION

A Dougenik cartogram is also constructed:

ccom <- cartogram::cartogram_cont(com, weight="POPULATION", prepare = "none")
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DENS and SHARE_ACT histograms and density plots
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DENS and SHARE_ACT distributions

We can try to distinguish between symmetrical and skewed distibutions, but most tests for
diverenge from the Normal lose power when the distribution is not Normal, DENS is obviously
skewed, SHARE_ACT is symmetrical:

c(DENS=moments::agostino.test(com$DENS)$p.value < 0.005,
SHARE_ACT=moments::agostino.test(com$SHARE_ACT)$p.value < 0.005)

## DENS SHARE_ACT
## TRUE FALSE
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No class intervals, population density map, Lot, 2020
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No class intervals, economically active population share map, Lot, 2020
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Kinds (styles) of class intervals

• Books like Tyler (2010) offer similar lists of kinds (styles) of class intervals driven by data
rather than fixed in advance by the user

• Fixed class intervals may for example represent regulatory or customary limits, so the
output maps shows where the chosen limits were exceeded

• Where the data diverge from a fixed point, often zero in for example regression residuals,
choosing ways of representing the fixed point in otherwise data-driven interval
construction may matter

• Both interval closure (left or right) and the data rounding/precision used in creating
breaks do matter; more rounding may improve legend legibility
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Equal-width class intervals

• Equal-width (equal-step, equal) intervals take the range of the data and cut into 𝑘
intervals; the range may be buffered out a little; the break points may not be pretty
numbers

• pretty intervals may not yield exactly 𝑘 intervals, but instead of unrounded width values
in equal intervals, the steps/intervals are pretty, 1, 2 or 5 times a power of 10; this
approach was initially used for positioning and labelling ticks on scatterplot axes (Becker
and Chambers 1984)

• Both of these styles are data-driven but neither are compute-intensive, so are also suited
to larger data sets; however, they should not be used with data other than those with
uniform or symmetric distributions
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Equal-width class intervals, economically active population share map, Lot, 2020
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“Pretty” class intervals, economically active population share map, Lot, 2020
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Standard-deviation class intervals

• If the data are roughly symmetric, the class intervals may be constructed to cover the data
range by ̄𝑥 ± 𝑚�̂� where ̄𝑥 is the sample mean, �̂� the standard deviation, and 𝑚 a
sequence of intervals around zero

• It is possible for example to set 𝑚 as c(-Inf, -2, -1, 0, 1, 2, +Inf), or c(-Inf,
-2.5, -1.5, -0.5, 0.5, 1.5, 2.5, +Inf)

• The sd style in classInt::classIntervals uses pretty run on the centred and
scaled data to set 𝑚 by default

• This style is data-driven but not compute-intensive, so also suited to larger data sets;
however, it should not be used with data other than those with symmetric distributions
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Standard-deviation class intervals, economically active population share map, Lot, 2020
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Standard-deviation class intervals, economically active population share cartogram by popula-
tion, 2020
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Comparing class intervals (symmetrical)

Table: Standard deviation by Pretty

sd 1 2 3 4 5 6 All

1 N 1 6 0 0 0 0 7
2 N 0 38 1 0 0 0 39
3 N 0 0 119 0 0 0 119
4 N 0 0 48 57 0 0 105
5 N 0 0 0 30 2 0 32
6 N 0 0 0 0 9 0 9
7 N 0 0 0 0 1 1 2
All N 1 44 168 87 12 1 313
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Comparing class intervals, empirical CDF (economically active share, symmetrical)
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Quantile class intervals

• Quantiles cut the data into classes with equal counts as far as possible, and may be used
with all kinds of data

• It is worth noting that quantiles may be calculated in many ways; some earlier algorithms
have been superceded (Hyndman and Fan 1996), see also
https://en.wikipedia.org/wiki/Quantile

• classInt::classIntervals uses default type=7, but type=8 might be preferable;
this can be passed through in classInt::classIntervals and tmap::tm_fill, but
not in mapsf::mf_map or sf::plot.sf
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Quantile class intervals, population density, Lot, 2020
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Observed threshold/natural breaks class intervals

• Jenks and Caspall (1971) jenks and Fisher (1958) fisher are legacy algorithms for
data-driven univariate clustering, and are relatively compute-intensive; if there are many
observations, a random sample may be used to calculate the breaks anchored with
set.seed

• stats::hclust provides several hierarchical clustering methods that work in a
univariate setting, defaulting to complete clustering, but requires a dense distance matrix
so is not suitable for large data sets

• stats::kmeans can be used in a univariate setting, anchored with set.seed (but could
be extended for larger data sets with cluster::clara which takes samples internally)

• Bagged clustering may also be used e1071::bclust, combining kmeans and hierarchical
clustering (Leisch 1999; Dolnicar and Leisch 2003, 2004)
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Fisher class intervals, population density, Lot, 2020
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## Fisher class
intervals, population density cartogram by population, Lot, 2020
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## Comparing
class intervals (skewed) i

Table: Fisher by Quantile

quantile 1 2 3 4 5 6 7 All

1 N 45 0 0 0 0 0 0 45
2 N 45 0 0 0 0 0 0 45
3 N 44 0 0 0 0 0 0 44
4 N 34 11 0 0 0 0 0 45
5 N 0 44 0 0 0 0 0 44
6 N 0 21 24 0 0 0 0 45
7 N 0 0 14 22 5 3 1 45
All N 168 76 38 22 5 3 1 313
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Geometric progression and other class intervals

• The geom style in mapsf is based on a geometric progression, all variable values must be
strictly greater than zero.

• headtails based on Jiang (2013) has been contributed by Diego Hernangómez

• box was also contributed by Diego Hernangómez using the boxplot as a template

• maximum was contributed by Josiah Parry
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Geometric progression class intervals, population density, Lot, 2020
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Comparing class intervals (skewed) ii

Table: Fisher by Geometric progression

fisher 1 2 3 4 5 6 7 8 9 All

1 N 14 49 93 12 0 0 0 0 0 168
2 N 0 0 0 61 15 0 0 0 0 76
3 N 0 0 0 0 31 7 0 0 0 38
4 N 0 0 0 0 0 20 2 0 0 22
5 N 0 0 0 0 0 0 2 3 0 5
6 N 0 0 0 0 0 0 0 3 0 3
7 N 0 0 0 0 0 0 0 0 1 1
All N 14 49 93 73 46 27 4 6 1 313
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Comparing class intervals, empirical CDF (population density, skewed)

0 100 200 300 400 500 600

0.
0

0.
2

0.
4

0.
6

0.
8

1.
0

Quantile

F
n(

x)

0 100 200 300 400 500 600

0.
0

0.
2

0.
4

0.
6

0.
8

1.
0

Fisher

F
n(

x)
0 100 200 300 400 500 600

0.
0

0.
2

0.
4

0.
6

0.
8

1.
0

Geometric progression

F
n(

x)

0 100 200 300 400 500 600

0.
0

0.
2

0.
4

0.
6

0.
8

1.
0

Bagged Clustering

F
n(

x)

0 100 200 300 400 500 600

0.
0

0.
2

0.
4

0.
6

0.
8

1.
0

K−means

F
n(

x)

0 100 200 300 400 500 600
0.

0
0.

2
0.

4
0.

6
0.

8
1.

0

Headtails

F
n(

x)
33



Comparing class intervals (skewed) iii

Table: Fisher by K-means

fisher 1 2 3 4 5 6 7 All

1 N 145 23 0 0 0 0 0 168
2 N 0 62 14 0 0 0 0 76
3 N 0 0 35 3 0 0 0 38
4 N 0 0 0 21 1 0 0 22
5 N 0 0 0 0 2 3 0 5
6 N 0 0 0 0 0 3 0 3
7 N 0 0 0 0 0 0 1 1
All N 145 85 49 24 3 6 1 313
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Concluding remarks



How to document available choices?

• A useful discussion around a github issue raised about the R classInt package
(https://github.com/r-spatial/classInt/issues/41) highlighted the desirability of deeper
reflection about the role played by class intervals in contemporary applied thematic
cartography.

• In Pebesma and Bivand (2023)
(https://r-spatial.org/book/08-Plotting.html#sec-classintervals), only a brief paragraph is
devoted to this topic, despite the use of the classInt::classIntervals function in
thematic mapping in the sf, stars, tmap, mapsf, and other R packages.

35

https://github.com/r-spatial/classInt/issues/41
https://r-spatial.org/book/08-Plotting.html#sec-classintervals


The sf, stars and mapsf packages

• The sf package documentation provides figures showing consequences of different
choices: https://r-spatial.github.io/sf/articles/sf5.html#class-intervals (using pretty as
default), supplemented for stars by https://r-spatial.github.io/stars/reference/plot.html
(using quantile as default).

• The mapsf package has more detailed documentation, including
https://riatelab.github.io/mapsf/articles/mapsf.html#choropleth-map and
mapsf::mf_get_breaks extending classInt::classIntervals
(https://riatelab.github.io/mapsf/reference/mf_get_breaks.html); mapsf::mf_map uses
quantile as default for choropleth maps

• A work-in-progress bookdown book is available at
https://rcarto.github.io/cartographie_avec_r/.
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The tmap package

• The tmap package is evolving towards version 4, which is to be documented in a
work-in-progress bookdown book, with class intervals presented in this section:
https://r-tmap.github.io/tmap-book/visual-variables.html#color-scale-styles.

• Earlier versions of tmap are covered by Tennekes (2018), and a section in the second
edition of the bookdown book https://r.geocompx.org/adv-map.html#color-settings
(Lovelace, Nowosad, and Muenchow 2019); tmap::tm_fill uses pretty as default for
choropleth maps
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The terra package - continuous

100

200

300

400

500

Population density

10

20

30

40

50

Economically active

38



The terra package - quantile

4.11 − 10.8
10.8 − 15.4
15.4 − 18.8
18.8 − 25.4
25.4 − 33.5
33.5 − 58.7
58.7 − 571

Population density

7.81 − 19.9
19.9 − 23.9
23.9 − 25.7
25.7 − 27.8
27.8 − 30.7
30.7 − 34
34 − 52.1

Economically active

39



The terra package - Fisher
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The terra package - geometric progression
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Extensions

• Similarly, the Python module mapclassify is a helper in the background rather than
being offered the attention it arguably deserves.

• While many users will be more familiar with graphical user interfaces for choosing how to
construct class intervals, programmatic interfaces reveal a good deal of what is happening
when choices are made.
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sessionInfo i

sessionInfo()

## R version 4.3.1 (2023-06-16)
## Platform: x86_64-pc-linux-gnu (64-bit)
## Running under: Fedora Linux 38 (Workstation Edition)
##
## Matrix products: default
## BLAS: /home/rsb/topics/R/R431-share/lib64/R/lib/libRblas.so
## LAPACK: /home/rsb/topics/R/R431-share/lib64/R/lib/libRlapack.so; LAPACK version 3.11.0
##
## locale:
## [1] LC_CTYPE=en_GB.UTF-8 LC_NUMERIC=C
## [3] LC_TIME=en_GB.UTF-8 LC_COLLATE=en_GB.UTF-8
## [5] LC_MONETARY=en_GB.UTF-8 LC_MESSAGES=en_GB.UTF-8
## [7] LC_PAPER=en_GB.UTF-8 LC_NAME=C
## [9] LC_ADDRESS=C LC_TELEPHONE=C
## [11] LC_MEASUREMENT=en_GB.UTF-8 LC_IDENTIFICATION=C
##
## time zone: Europe/Lisbon
## tzcode source: system (glibc)
##
## attached base packages:
## [1] stats graphics grDevices utils datasets methods
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sessionInfo ii

## [7] base
##
## other attached packages:
## [1] modelsummary_1.4.2 classInt_0.4-10 mapsf_0.7.1
## [4] ggplot2_3.4.3
##
## loaded via a namespace (and not attached):
## [1] utf8_1.2.3 generics_0.1.3 xml2_1.3.5
## [4] class_7.3-22 KernSmooth_2.23-22 stringi_1.7.12
## [7] digest_0.6.33 magrittr_2.0.3 evaluate_0.21
## [10] grid_4.3.1 fastmap_1.1.1 backports_1.4.1
## [13] e1071_1.7-13 DBI_1.1.3 packcircles_0.3.6
## [16] httr_1.4.7 rvest_1.0.3 fansi_1.0.4
## [19] viridisLite_0.4.2 cartogram_0.3.0 scales_1.2.1
## [22] codetools_0.2-19 cli_3.6.1 rlang_1.1.1
## [25] units_0.8-4 munsell_0.5.0 withr_2.5.0
## [28] yaml_2.3.7 tools_4.3.1 checkmate_2.2.0
## [31] dplyr_1.1.3 colorspace_2.1-0 DT_0.29
## [34] webshot_0.5.5 kableExtra_1.3.4 vctrs_0.6.3
## [37] R6_2.5.1 proxy_0.4-27 lifecycle_1.0.3
## [40] stringr_1.5.0 htmlwidgets_1.6.2 insight_0.19.5
## [43] pkgconfig_2.0.3 terra_1.7-48 pillar_1.9.0
## [46] gtable_0.3.4 glue_1.6.2 moments_0.14.1
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sessionInfo iii

## [49] Rcpp_1.0.11 systemfonts_1.0.4 sf_1.0-14
## [52] xfun_0.40 tibble_3.2.1 tidyselect_1.2.0
## [55] rstudioapi_0.15.0 knitr_1.44 farver_2.1.1
## [58] htmltools_0.5.6 tables_0.9.17 svglite_2.1.1
## [61] rmarkdown_2.24 labeling_0.4.3 compiler_4.3.1
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