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Cartograms & Isochrones




Today’s plan

Bivariate choropleths tutorial: Feedback, Q&A
Coursework discussion

Isochrones

A

Cartograms







What is a bivariate choropleth map?

Switzerland's regional income (in-)equality
Average yearly income and income (in-)equality in Swiss municipalities, 2015

Bivariate: simultaneously represents two
variables

Choropleth: a type of thematic map (map iy gress medn
that shows a phenomenon) that represents o nequality
(colours) data as occurring within bounded

areas.

Blue areas mean
high income and
low inequality

Bivariate choropleth maps use a matrix of
carefully chosen complementary colours to
simultaneously represent two phenomena
and how they relate to each other.

Violet areas mean
high income and
high inequality

Red areas mean

low income and
high inequality

Higher income —

Higher inequality —

Map CC-BY-SA; Code: github.com/grssnbchr/bivariate-maps-ggplot2-sf
Authors: Timo Grossenbacher (@grssnbchr), Angelo Zehr (@angelozehr)
Geometries: ThemaKart BFS and swisstopo; Data: ESTV, 2015




London's vegetation-income distribution
Median household income and greenspace
cover % in Ldn wards, 2014

@IHigher income —

her greenspace —




Car ownership and access to public transport in the Greater London
Metropolitan Area: an unequal access to mobility

Public Transport
Accessibility

0 5 10 15 km
1

Car ownership I ; ; ]

Data Sources: Office for National Statistics, 2011




Creating a legend for a bivariate choropleth

You can save this images, created using the QGIS plugin Bivariate Legend.
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Questions?







Final coursework: Policy brief (100% )

Deadline: Tuesday 2nd May, 23.59 Paris time.
If late: -1 point penalty for each day past the deadline.

Groups of 2-3 students or individual report

- 3 pages minimum, 5 pages maximum

- Policy brief aimed at the Mayor of the large metropolis you’re studying ( //\
writing style !)

- You may - and are encouraged to - build upon your first term report and push the
methodology further. You can also pick a completely different topic and/or study
area

- You must use at least one of the advanced techniques learnt in the Advanced

module, while ensuring it’s well suited to answer your research question.




Final coursework: Policy brief (100% )

Proposed outline
- Executive summary (maximum % page, bullet points are fine)
- Introduction / Problem / Context
- Data sources in a table
- High-level methodology. Keep it short but use precise terminology
- 2to 4 maps. Careful, you only have 5 pages maximum in this report so these maps must
be very relevant to answering your policy question (i.e. for a suitability analysis, | don’t
need every step in your weighted overlay, just the final potential sites you’ve identified,
which you can pair with a map of some key variables in your analysis)
- Analysis of the findings
- Policy recommendations to decision makers
In this exercise, concision and precision are key! Your analysis must lead to actionable results.




Final Coursework: Marking Criteria

The marking criteria reflect the learning outcomes expected at the end of this module. Students should be
able to:

Formulate a research question suitable for GIS analysis

- Source relevant data and assess their relevance based on the metadata provided

- Be comfortable working with vector and raster datasets

- Design complex GIS workflows to combine multiple datasets, using at least one technique covered in
the Advanced course (bivariate choropleths, raster processing, cartograms, digitization, isochrones,
weighted overlays)

- Produce clean map exports that respect cartographic design principles, are colour-blind safe, and are
complete with all key cartographic elements (title, legend, north arrow etc.)

- Justify all key methodology choices, focusing on key decisions (choice of datasets, geoprocessing steps,
raster processing steps, class breaks chosen for a choropleth, etc.)

- Draw policy insights from their maps and translate those into applicable policy recommendations or
future research outlooks. Please be very explicit!




Final Coursework: Marking Criteria

Criteria:

Research question and whether your methodology adequately addresses it (10%)
Methodology, choice of relevant datasets and design of your workflow (35%)
Quality of the map outputs (35%)

Quality of the writing, structure and visual clarity of the report (10%)

Relevance of the recommendations / insights (10%)







What are isochrones?

Isochrones are lines that connect points at which
something occurs/arrives at the same time.
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Isochrones & Transport planning

In transport planning, isochrone maps are very useful to define
boundaries for areas of equal travel time (areas that can be
reached within a given time of walking / driving / cycling / public
transport). A rough approach to isochrones can consist in
looking at distance as an indicator for walking time.
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Isochrones & Transport planning

More sophisticated approaches actually take into account the
road network. This is for instance the case with the TravelTime
plugin in QGIS, which uses OpenStreetMap to compute the
isochrones. Other plugins are available (OpenTripPlanner,
QNEAT3, ORS Tools, etc)
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Isochrones & Service Area

Testing centres

Isochrones can also be used to assess accessibility of « Reglonal testing centre #t_!
public services such as medical facilities, and what it fg‘ﬂgg ge",:fr?m ‘ )
(off-peak times) r 4 &

means in terms of public health inequities. 2
Within 15-minute drive

Within 30-minute drive P
& Within 45-minute drive
& Within 60-minute drive '/

There are 37 urban & Over 60-minute drive away

Scotland: Four Scottish testing
centre cover population hubs - but
rural areas of the Highlands and

Borders miss out.

areas in the US 3 Nottingham's testing
Wl;th tr_lo aCI(':e'SSI ble : . - X A centre at Boots' HQ was
abortion clinics ® #h the first reglonal testing

within a 3 hour
round-trip drive

centre to open, on 25

North Wales: Over half a million March.

people In North Wales face at least
an hour-long journey. Wales only has

No clinics accessible 5 one centre In Cardiff. Norwich: City

with over 200k
people, but over
an hour’s drive
from the nearest
test centre.

(0 Clinics accessible

SRl Cornwall: Cornish cities and towns

such as Truro and Newquay have a
drive of well over 30 minutes.——

Source: https://pudding.cool/2017/09/clinics/ Source: https://traveltime.com/case-study/telegraph-traveltime



https://traveltime.com/case-study/telegraph-traveltime
https://pudding.cool/2017/09/clinics/
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https://cartonumerique.blogspot.com/2018/12/cartes-isochrones.html

TravelTime plugin (tutorial)
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What is a cartogram?

You may also see them referred to as “value-area maps” or “anamorphic maps”

World Population in 2018

The country’s size in this map represents the size of the population.
Each square [#] represents 500,000 people.
All 15,266 squares show where the world’s 7.633 billion people live.

by Max Roser for — the free online publication that presents
the research and data to make progress against the world’s largest problems.
Population data from the United Nations Population Division
Version 3 (October 2 Licensed under CC-BY
‘ “
—
United States
326.8 million

4.3% of the world population &

Poland

Germany 38.1m
82.3m 5

Kazaktsian
m
Uzbekistan ' gl
82.4m !

Turkey
81.9m Iran
82m

Syria
18am raq
39.3m

-

i Nigeria " Ethiopia P Iﬂdlaw

195.9m 4 1075m 1.354 billion

17.7% of the world population

84 million

Bangladesh'
166.4m

Myanmar
53.9m

Our World
in Data




What is a cartogram?

Reference map
US Presidential Election 2020 "
Results mapped at county level showing the
candidate with the largest vote share in each area
: 'm"l yresits Vote share
78780121 votes (509%) of candidate W}lh m’ost votes
306 electoral votes 7l Biden
Trump 0 50 70 _S0%
73163140 votes (47.3%)
232 electoral votes . - -

* ot conttivnd sl e, Sk ekt 36 Now 3050
ST NP AT TRCTon MO NYT Resibe

Population 7.4 billion
> ST

e

GDP s8o trillion

e T

Gridded population cartogram:
areas resized ding to
the total number of people living there

@

Data sources: IMF Workd Economic Outloak, WidldBank, UN Workd Popuation Prospacts (2016)

Benama Homeg

wvawvviewsoftheworid.net




What is a cartogram?

A cartogram is a map in which the geometry of regions Cartogram
is distorted in order to represent an additional
variable. The region area will be inflated or deflated
according to its value.

Oftentimes, cartograms are also simultaneously a
choropleth map. Regions are colored according to a
numeric variable, which may or may not necessarily be
the one you used to build the cartogram. Here: you
have the population in African countries, represented
by both the size and the colour of each country.

Population (M)

50




Overall Index of Multiple Deprivation for London in 2010 Cartogram

Choropleth using the Index of Multiple
Deprivation + Population cartogram

- 1 (Most Deprived)
I -
I -

0 5 i
N
Kilometers 5
Produced by Chris Gale.
UCL Department of Geography. 6
7

Department of Communities & Local Government,
Indices of Deprivation 2010. © Crown Copyright.
Office for National Statistics,

Mid-20089 Population Estimates. © Crown Copyright.
Ordnance Survey, Boundary Data 2003. © Crown Copyright.

I 10 (Least Deprived)

mapblog.in / areaclassification.org.uk




Choropleth using children in poverty +
population cartogram

In your own time, have a
read at this
cartogram-based
exploration of inequalities in
London. Note how each of
the map leads to a next
guestion, linked to the
overall theme of inequality.

Children in poverty 2009
(percentage of dependent children
receiving child tax-credit and in out-of-work families)

B <0 | 30-40
10-20 [ 40-50
20-30 B >50

Map projected on a gridded population cartogram
where every grid cell is resized according to

the number of people living in that area

Data Sources

Population: UK Office for National Statistics (2011)

Child poverty: Greater London Authority (2071)

()\l ()l\l) Trust for London

PPE
Source: http://london.worldmapper. org/analvms/lnequalltv—ln Ion%i



http://london.worldmapper.org/analysis/inequality-in-london/
http://london.worldmapper.org/analysis/inequality-in-london/
http://london.worldmapper.org/analysis/inequality-in-london/

Combining choropleth and cartogram techniques is a
great way to correct for population size or sample size.

Imagine you display average unemployment rate per
region on your choropleth map. A large rural area with
100 inhabitants but 10 unemployed people will look
like it has the same unemployment situation than a
smaller urban area with 1 million inhabitants but
100,000 job-seekers. This induces a strong bias,
because the two areas are actually very different. The
cartogram aims to reduce this bias by shrinking the
size of the rural area and increasing the size of the
urban area, to reflect absolute numbers of
unemployed people.

Why build a cartogram?

aea A - Rural

Population = 100

~

Unemployed = 10

Unemployment rate = 10%

@ea = 100km?2 /

~

aea B - Urban

Population = 1,000,000
Unemployed = 100,000

Unemployment rate = 10%

Qea = 100km?2 /




Why build a cartogram?

Social Capital Index Rankings

Combining choropleth and cartogram

techniques is a great way to correct for 4
opulation size or sample size. L
pop P ~~ B8

In this example:

The social capital index rankings take a ey -
whole different meaning when you
adjust each US state for the size of its
population!




Tips

If you’re working at city-level:

It’s a good idea to include a reference map, since

not everyone is familiar with the exact boundaries
of each of these administrative units.

- Do not use areas that are too small like IRIS or
LSOA; instead, use slightly larger areas (boroughs,
arrondissement, districts...); you want to be able to
pinpoint what is happening within each identifiable
area.

Havering

Bexley

Note: On this map they used a grid and distorted each cell,
then superimposed the borough boundaries. The plugin
we use in QGIS works differently; it distorts each individual

Bromley

polygon boundary based on the variable you want to use Gd“ P‘;ﬁgt':;‘ggffg":’"
as weight. Therefore, you really need to pay attention to i e ) e

St e s e Trust for London

the administrative level you pick for your analysis! e LONDONMAPPER



https://github.com/austromorph/cartogram3/

Cartograms in QGIS

‘@0 @ Plugins | All (816)

To produce cartograms in QGIS, you can 2w EX=TT C
o, v e =
install the plugin cartogram3 FHTE B isarecarogam cartogram3 C
: Not installed .
Generate anamorphic maps
Invalid This plugin creates continous cartograms (a.k.a. anamorphic maps) from polygon layers.
The Sl id es i n annhex wa | k yo u th ro ugh the 2 Install from ZIP I3t i; a port of the QGIS 2.x cartogram plugin by Morten Wulff and Carson Farmer to QGIS
, Python 3 and PyQt5. Features include parallel processing, the option to select multiple
# Settings variables to batch-produce cartograms, and the possibility to use a maximum total error

threshold as a stop condition.

steps required to build a cartogram using
7777 16 rating vote(s), 36588 downloads
this plugin, with an example using the
Category Vector
Tags geometry, layers, polygon, shapefile
More info homepage bug tracker code repository
Author Christoph Fink
Installed version 3.0.4
Available version (stable) 3.0.4 updated at Tue Sep 24 02:45:40 2019
Changelog 3.0.4 (2019-09-24):
- fix pending deprecation: * QgsGeometry().set()' marked
as deprecated
3.0.3 (2019-03-15):
- bug fix: hide input layer after computation
3.0.2 (2018-11-26):
- bug fix: regression introduced in 3.0.1 for older versions
(issue #19)
3.0.1 (2018-11-21):
- bug fix: QgsMapLayer.exportNamedStyle argument order ~

population in China. This could easily be
replicated by looking at population by
Boroughs in London or by Arrondissements
in Paris, for instance.

Uninstall Plugin Reinstall Plugin

Close



https://github.com/austromorph/cartogram3/




Data

Please download this S ———sseaeeess T

. LAV Y-V - S : @ 20 Qoemme R R >
Cartogram.gpkg geopackage. In it o EK B NS Gt D

rowser e

you'll find a layer called T
china_population, which contains

polygons of Chinese province v

ndari

ay (dark)

i Gray (light)

i National Geographic
ean

boundaries, their population and
their population density (pop/km?2).

Set your map canvas to CRS:3857 “amvio-azg
(pseudo Web Mercator) and drag '

that layer onto it. Then, add a

basemap, for instance the Esri Gray

; @
(light) layer from your XYZ Tile. i 190,

Q Type to locate (3K)

Coordinate | 7391848,3653319 | Scale 146711812 ~ | (@ Magnifier 100% 12| Rotation [0.0° 2 ViRendlr @epscass7 IR



https://drive.google.com/file/d/1GvRBPPZB27HC4JUBb29ku-c--G-z335y/view?usp=sharing

Making a choropleth

o
B
@

Layer Properties — china_population — Symbology

H = Graduated v ‘

Z) Information Value 123 Population -|[€]

Symbol ) E\

Double click your china_population layer

‘{g Source

(\5/ Symbology

€I Labels

Legend format |%1 - %2 ‘ ‘Precision 4 |2 V| Trim
colorramp N N

Classes | Histogram ‘

and navigate to the Symbology tab. Use

the Graduated style, select the

GEE Masks
Population field, a colour ramp (I picked & 30 view _todvae ) . )
Viridis) and click classify. Then, check the et 1 Sl E : :
. E Fields 25 -
HIStOgram tab' E Attributes Form ]
Joins
When inspecting the histogram, we can £ Awiiary storage
. . @ ctions
see that the data is relatively evenly - “
Display
distributed. We are interested in spotting T
areas that are most or least populated, so @ rervors 20007 | 40407 | Ger07 | Bew07 | 1108 120408
) . .. . Variables Histogram bins 130 als
we’ll use quantiles as our classification .
a Metadata V| Show mean value

v Show standard deviation

methOd, With 5 Classes. ﬁ Dependencies

Legend

D Layer Rendering

Cancel \

Help

Style -~ Apply

v




Making a choropleth

To go further in the styling of your
layer:

Value

Symbol

1) You can click on Symbol to
change the opacity of the layer (I
made it 80%) and make the
stroke colour lighter or
transparent.

You can manually adjust the
values of quantiles so that they
fall on round values, and edit
what the legend will display

In the Labels tab, you can add a

Symbol
|

vl

GRS
|| ]

2)

3)

Layer Properties — china_population — Symbology

Legend format | %1 - %2
Color ramp
Classes | Histogram

~ Values

Mode | £ikEqual Count (Quantile) ~
Classify || |[=
V! Link class boundaries

> Layer Rendering
Help

g el e ep eyl G @ L) %wﬂnme R N

& Graduated

123 Population ~][e

0.000000 - 20000000.000000

35000000.000000 - 45000000.000000 35mi - 45million
45000000.000000 - 65000000.000000 45million - 65million
65000000.000000 - 105000000.000000 65million- 105million

nnnnn

Classes |5

Delete All | Advanced -

uuuuu

style - Apply

label of the provinces names,
with a light white buffer

~ VI B CartoDb Positron

Cancel || oK
. =

L ; oK




Download the plugin

1
QGIS Project Edit View Layer Settings Plugins Vector Raster Database Web Mesh Processing Window He

Now, let’s move on to the cartogram! ° A llc za)

o N Q_ cartogram

& cartogram3

Install the cartogram3 plugin. Click the B8 instaled S cartogram3
top menu Plugins > Manage and install Bt Generate anamorphic maps
. "'&3 Upgradeable
plugins..., then search for . e
* New It is a port of the QGIS 2.x cartogram plugin by Morten Wulff

Cartogram3. - and Carson Farmer to QGIS 3, Python 3 and PyQt5. Features
o Invalid include parallel processing, the option to select multiple
r= variables to batch-produce cartograms, and the possibility to
ﬂ Install from ZIP use a maximum total error threshold as a stop condition.

Here is the GitHub repository of the — AR A 15 cefing oiels), 25518 dowmlioads
plug'n (the Python COde that bU||t thIS Tags shapefile, polygon, geometry,

layers

plugln) Please read the README for More info homepage bug tracker

code repository
some context on what the tool does ‘ Author _Christoph Fink
and what kind of data you can feed it. (Upgrade Al Install Plugin
You can also relay any feedback to the o

developer over there!

This plugin creates continous cartograms (a.k.a. anamorphic



https://github.com/austromorph/cartogram3

Open the tool

The tool is now available under
your Vector menu.

Vector > Cartogram > Compute
Cartogram

ec e
et —_——— e

|eV: 4
s EK

» MssQL
D Oracle
B WMS/WMTS
H Vector Tiles

Esri Boundaries Places
Esri Gray (dark)

Esri Gray (light)

Esri National Geographic
Esri Ocean

Esri Satellite

Esri Standard

Esri Terrain

Esri Topo World

Esri Transportation
Google Maps.

Google Satellite

s

devs-3710
v! [l china_population
V! B Esri Gray (light)

Type to locate ($K)

e@®

Cartogram

- 1] QuickosM e S Bl R a0 %@Immme -] R »
~ Geoprocessing Tools
* RS~ I Geometry Tools
" Analysis Tools
Research Tools

Data Management Tools

KAZAKHSTAN

TH KQREA
JIKIST AR

SOUTH KOREA

PAKISTAN

VIETNAM

Coordinate | 7523680,7781281 | @ Scale| 146711812 ~ | (@ Magnifier | 100%

2| Rotation |0.0°¢ 3|V Render @EPSGags7 @




Run the tool

It’s really simple!

- Select your layer (china_population)

- Select the numeric field you'd like to
use to distort your map; here we will
use Population.

- Leave the number of iterations as is.
Leave the max average error to 10%

- Press OK

- A progress bar will appear. It may
take a couple minutes to run, leave it
to it and wait for the algorithm to

complete.

eEERRH OereRIP
-/ > QN NEDDD R 20 QYmume R

B@VAamE B

carty

Population

Input layer: (9 china_population
Field: 123 fid
1.2 Pop_km2
1.2 Shape__Area
1.2 shape__Length
Stop conditions:  calculation stops as soon as one

max.number of iterations: | 10

max.average error: 10

Q Type to locate (32K)

EeabtUOR E#IH -6

ogram3 b .

mmmmmm

condition is met.

uuuuu

00%

nnnnn

Coordinate| 9637745,3641459 |9 Scale 1:37866224 ~ 3 V| Render

@ epsoiaasy
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The population density cartogram

rERRY OrPPHI P
RQV.AMB B /./ .
M-85 K

Congratulation, You have produced your

first cartogram! By default your layer should
use the same Population choropleth
symbology as your initial layer If it’s not the
case, you can always:

» [ intro-to-gis

- right-click your china_population layer, gl
Styles > Copy Style > All Style Categories. . gz

- right-click your new layer, Styles > Paste
Style > All Style Categories.

. 0 - 20million

. 20million - 35 million
- 35million - 45million
. 4smillion - 65million
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The population density cartogram
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The population density cartogram
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Feel free to repeat the previous steps to run
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exaggerates the distortions, so you can run
the tool a few times to find out which
number of iterations is ideal to you.
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The population density cartogram

Notice how some provinces in the West
and North shrink entirely while coastal
cities and most Eastern provinces expand!
(look at Shanghai, Beijing, Tianking, Hainan,
Guangdong!)

Note that because of the distortions
induced, basemaps can look a bit weird.
The choice of keeping a basemap is up to
you. Here, you can argue that our basemap
is useful to see how much provinces such
as Xinjiang and Heilongjiang shrank
compared to the actual borders of those
provinces.
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The population density cartogram

When you’re happy with your map, use the Print Layout composer to add cartographic elements (legend, north arrow etc).
Consider inserting both maps next to each other to allow your audience to examine the distortions easily. Export it as usual.
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Final remarks

The cartogram3 tool is slow and probably will take a long time to run if you are
using very detailed polygons or a large number of polygons. Bear in mind that
there isn’t much value in doing cartogram on very small geographical units

anyway, it is much more powerful used identifiable areas (countries / provinces /
regions / boroughs) for your map to be interpretable.

® The plugin can also be a little bit unstable, so be sure to save your project
frequently!

e Try it out on other datasets! You just need a polygon layer that does not contain
too many features, and a numeric variable to play with.







Homework

Do the QGIS tutorial on isochrones

Use Slack if you have questions (#help).

Make sure you start working on your final coursework,
we can spend time in person going through some of
the challenges you might be facing.



https://raphaelleroffo.github.io/2022/01/23/advanced-tutorial4/

