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Course information > Overview

A course on Spatial Data Science

The course Spatial Data Science for Social Geography introduces data science and computational
analysis using open source tools written in the Python programming language to the curriculum of
students of geography.

The course is taught in person at Charles University in Prague from October 2023 under the code
MZ340V17.

Aims

The course supports students with little prior knowledge of core competencies in Spatial Data
Science (SDS). It includes:

= Advancing their statistical and numerical literacy.

« Introducing basic principles of programming for data science and state-of-the-art computational
tools for SDS.

* Presenting a comprehensive overview of the main methodologies available to the Spatial Data
Scientist and their intuition on how and when they can be applied.

« Focusing on real-world applications of these techniques in a geographical and applied context.

(@ What s the scope?
The course revalves around data typically used in human geography, but its applicability is not limited to
human geography. In practice, you will work more with vector data than rasters (although we cover those
abit as well) and often with data capturing various aspects of human life. The spatial data science
concepts, however, are universal.

Learning outcomes

After finishing the course, students will be able to:

Demonstrate understanding of advanced concepts of spatial data science and use the open tools
to load and analyze spatial data.

Understand the motivation and inner logic of the main methodological approaches of open SDS.
Critically evaluate the suitability of a specific technique, what it can offer, and how it can help
answer questions of interest.

Apply several spatial analysis techniques and explain how to interpret the results in the process
of turning data into information.

Work independently using SDS tools to extract valuable insight when faced with a new dataset.

Prerequisites

This course assumes an understanding of geography and its key concepts (e.g. coordinate reference

On this page
Aims
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13 lekei
1 lekce = 3 vyukové hodiny

Primarné zameéreno na magisterske studenty geografie
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Motivace
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Poptavka
Minimalni investice

Prijem
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Spatial Data Science in Python
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10 ze 13 lekci

Vyuka plné anglictiné
Online forma
Poplatek 300 Euro
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Intenzivni forma vyuky
2 tydny, jedna lekce denné, s jednim tydnem volna mezi

Zakonceni stejné jako standardni kurz
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Rozsireni statistické a numerické gramotnosti.

Seznameni s principy programovani pro data science a nejmoderngjsimi
vypocetnimi nastroji pro SDS.

Predstaveni uceleného prehledu hlavnich metodik, které ma geograf v oblasti
prostorovych dat k dispozici, a vybudovani intuice, jak a kdy je lze pouzit.

Zamereni na realné aplikace téchto technik v kontextu socialni geografie.
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Kazda lekce rozdélena do tri casti - Concepts, Hands-on a Exercise
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Predmét je zakoncen seminarni praci ve formeé vypocetni eseje. lypocetni
esej je esej, jejiz narativ je podporen kddem a jeho vysledky, které jsou soucasti
eseje
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20 studentu, primarné ze zemi EU
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Making maps Datasets

S D S Reading files

in Python Maps in GeoPandas are of two kinds. Static images and interactive maps based on eaflet js. Writing files

Geometries

eo®a Projections

Static maps

Simple accessors and methods

Course information > GeoPandas can also plot maps to check how the geometries appear in space. Call Making maps
Introduction 3 GeoDataFrame.plot() toplotthe active geometry. To colour code by another column, pass in that ‘ Static maps
Open Data Science § column as the first argument. In the example below, you can plot the active geometry columnand Interactive maps
Spatial data . colour code by the “distance_to_arc" column. You may also want to show a legend ( legend=True). Spatial predicates
Spatial data old and new Spatial join
[ —— _ = buildings.plot("distance_to_arc", legend=True) Overlay

Learning GeoPandas ©) Reportanissue

Spatial weights > — 2Ee
Exploratory spatial data > : \’/ & 150 gher Formats
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Map of distances to the Arc de Triomphe

The mapis created using the matplotlib package. It's the same that was used under the hood for all
the plots you have done before. You can use it directly to save the resulting plot to a PNGfile.

import matplotlib.pyplot as plt (O]
@ Import the pyplot module of the matplotlib package asthe plt alias.

If you now create the plot and use the plt.savefig() functionin the same cell, a PNG will appear on
your disk.

buildings.plot("'distance_to_arc", legend=True)
plt.savefig(“distance_to_arc.png", dpi=150)

() Other resources for static plotting
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: Krovak East North (Greenwich)

- method: Krovak (North Orientated)

Datum: System of the Unified Trigonometrical Cadastral Network
- Ellipsoid: Bessel 1841

- Prime Meridian: Greenwich

In this case, you can see the unit is expressed in metres (m). Hence you set the threshold to 1,000 for a
circle of 1km radius. The whole graph looks like this:

ax = distlkmB.plot(prague, nodes=False, edge_kws={"linewidth": .5})
contextily.add_basemap(ax=ax, crs=prague.crs, source="CartoDB Positron")
ax.set_axis_off()

A
(C) OpenstreetMap contributors (C} CARTO

A graph representing distance band of 1 km.

Block weights

Block weights connect every observation in a dataset that belongs to the same category in a list
provided ex-ante. Usually, this list will have some relation to geography and the location of the
observations but, technically speaking, all one needs to create block weights is a list of memberships.
In this class of weights, neighbouring observations, those in the same group, are assigned a weight of
one, and the rest receive a weight of zero.

In this example, you will build a spatial weights matrix that connects every ZSJ with all the other ones
in the same KU. See how the KU code is expressed for every ZSJ:

prague.head()

NAZ KU n_people geometry «centroid
NAZ_Zs)
Béchovice Béchovice 1563.0 MULTIPOLYGON (((-728432.898 POINT(-728983.854
AUAIAL A bt I SRR R
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Building spatial weights in PySAL
Contiguity
Distance
Block weights
Weighted graphs
Standardizing Graph relationships
Reading and Writing spatial
weights in PySAL
Using graph to aggregate variables
Spatial Lag
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Fit that model

@ martinfleischmann.net =}
L } |
-40  -30 -20 -10 o 10 20 30
residual
Moran Plot
That looks like a pretty strong relationship. Use the local version of Moran's statistic te find out the
clusters.
lisa = esda.Moran_Local(elections_data['residual'], contiguity r) @
@ Use Moran_Local function from esda.
Let’s visualise the results.
lisa.explore(elections_data, prefer_canvas=True, tiles="CartoDB Positron™)
y Leipzig® R
+
{ “Wroctaw
DRESDEN- LOWER
al_ b SAXONY SILESIAN
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- s Insignificant 4
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LISA clusters

The outcome of LISA shows large clusters of both overpredicted (High-High) and underpredicted
(Low-Low) areas. The underpredicted are mostly in central Bohemia around Prague and in the
mountains near the borders, where the ski resorts are. Putting aside the central areas for a bit, the
explanation of underprediction in mountains is relatively straightforward. The education data are
linked to the residents of each municipality. The people who voted in a municipality do not necessarily
need to match with residents. It is known that more affluent population groups, who are more likely to
go to a ski resort, voted overwhelmingly for Pavel. And since the elections were in winter, a lot of them
likely voted in ski resorts, affecting the outcome of the model.

The overpredicted areas, on the other hand, are known for higher levels of deprivation, which may
have played a role in the results. What is clear, is that geography plays a huge role in the modelling of
the elections.

On this page
Data
Non-spatial linear regression
OLS model

Spatial exploration of the model
(hidden structures)

Spatial heterogeneity
Geographically weighted
regression
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Fit that model

@ martinfleischmann.net

significant = np.abs(results.tvalues) > critical_t

fig, axs = plt.subplots(4, 3, figsize=(9, 9))

axs = axs.flatten()

for i, name in enumerate(independent_names([1:-1]):
significant_mask = significant[:, i + 1]
elections_data.plot(results.params[:, i + 11, cmap="plasma", ax=axs[il)
elections_datal~significant_mask].plot(color="white", ax=axs[il, alpha=.9)
axs[i]l.set_title(name[:20], fontdict={'fontsize': 8})
axs[i].set_axis_off()
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Local coefficients

It seems that the coefficients are significant only in some areas, so you need to be careful when
drawing conclusions here. This can be due to a lack of relationship or a small sample size. Try for

yourself how the significance changes if you increase the bandwidth. But be careful as too large a

o

bandwidth may miss regional differences and a bandwidth that would cover the whole country would

be equal to the OLS model.

| © Adaptive bandwidth
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Martin Fleischmann, MSc, PhD

martinfleischmann.net

martin.fleischmann@natur.cuni.cz
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