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Spatial Data

* A spatial dataset is a combination of...
 |location data and spatial dimensions (the where)
e attribute data (the what)

 Two most common forms of spatial data
* Vector

* Raster
sefisseseis ol

Point Line Polygon Raster

Vector

Source/Ref: Introduction to (Q)GIS by Jeff Allen



https://schoolofcities.github.io/mapping-workshops-2023/qgis-intro
https://jamaps.github.io/about.html

Vector Data

e Use geographic coordinates, or a series of coordinates, to create
points, lines, and polygons representing real-world features

* Two most common vector data format
* GeoJSON (a plain text file)

e Shapefile (3 mandatory binary files + ...)
e Shape (.shp) contains feature geometry
* Shape index (.shx): facilitates fast search
» Attribute (.dbf): contains attributes for each shape

Source/Ref: Introduction to (Q)GIS by Jeff Allen

An example of GeoJSON file.

{

}

"type": "Feature",
"geometry": {

}s

"type": "Point",
"coordinates": [125.6, 10.1]

"properties": {

}

"name": "Dinagat Islands"


https://en.wikipedia.org/wiki/GeoJSON
https://en.wikipedia.org/wiki/Shapefile
https://schoolofcities.github.io/mapping-workshops-2023/qgis-intro
https://jamaps.github.io/about.html

Raster over the same extent, at 4 different resolutions
0,8 88 0,8 8,8 0,8 88 0,8 8,8

Raster Data

0,0 0 00 0,0

8, 8,0
8 meter 4 meter 2 meter

* Represents space as a continuous grid with equal cell sizes
* Each cell represents a square area (whose size depends on map resolution)

e Each cell contains a value pertaining to the type of feature it represents
e Quantitative value (e.g., elevation, flood index)
e Categorical value (e.g., type of land use)

* Examples of raster data
* digital elevation models (DEMs) '
* Flood Susceptibility Index (FSI) map
* satellite imagery (e.g., color image with 3 bands/layers: RGB)
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Source/Ref: 1) Introduction to (Q)GIS by Jeff Allen; 2) Raster 00 tutorial from NEON.



https://schoolofcities.github.io/mapping-workshops-2023/qgis-intro
https://jamaps.github.io/about.html
https://www.neonscience.org/resources/learning-hub/tutorials/dc-raster-data-r

Coordinate Reference System (CRS)

* Any geo-spatial dataset comes with a CRS
* Without CRS, one cannot plot and process geospatial data correctly

* CRS is “a framework used to precisely measure locations on the
surface of Earth as coordinates.” (wikipedia)

* CRS is a COMPLEX topic
e Let’s attempt to understand some basics.


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

Motivation

 “URGENT: Rescue signal detected from satellite phone — coordinates
134.577° E, 24.006° S. Immediate response required.”

* Where is it on the Earth’s surface?
* AorB?
* GCS (Geographic Coordinate Systems)

* How to get there?
 Map! -> 2D flat

e PCS (Projected Coordinate Systems) A if GCS is Australian Geodetic Datum 1984
B if GCS is WGS (World Geodetic System) 1984

Source/Ref: GCS vs PCS



https://www.esri.com/arcgis-blog/products/arcgis-pro/mapping/gcs_vs_pcs/

Two Main Types of CRS

* Geographic Coordinate Systems (GCS)
 Round (where on the earth’s surface)
» Records locations in angular units (e.g., degrees)

e Latitude: degrees north or south of equator
* Longitude: degrees west or east of a prime meridian

* Different models for the Earth surface -> Many GCS
* e.g. World Geodetic System 1984 (WGS84)
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* Projected Coordinate Systems (PCS)
* Flat (how to draw on a 2d/flat paper) J—
* Records locations in linear units (e.g., meters)
* Many ways to project -> Many PCS

* e.g., Universal Transverse Mercator (UTM)
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https://en.wikipedia.org/wiki/Spatial_reference_system
https://www.esri.com/arcgis-blog/products/arcgis-pro/mapping/gcs_vs_pcs/
https://www.researchgate.net/figure/The-nine-small---scale-map-projections-used-in-the-paired-comparison-test-arranged-by_fig1_298354278
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Projections

 MANY different projections
* Three main families, but there are more
* Within each family, there are many projections

X7~ Map Projection Families

Source: QGIS Doc

* A projection can preserve one or more properties below but never all

* Direction

* Distance

* Area Albers Equal-Area
i Shape Conic Projection

Source: Wolfram
MathWorld

Source/Ref: 1) List of map projections wiki; 2) Map projection wiki


https://en.wikipedia.org/wiki/List_of_map_projections
https://en.wikipedia.org/wiki/Map_projection
https://mathworld.wolfram.com/AlbersEqual-AreaConicProjection.html
https://docs.qgis.org/3.34/en/docs/gentle_gis_introduction/coordinate_reference_systems.html

Components of CRS

e Coordinate system
* E.g., longitude & latitude, x & v, etc.

* Datum: binds abstract coordinate system to real space on the Earth

e Datum usually consists of

* an estimate of the shape of the Earth (usually an ellipsoid)

* one or more anchor points for which the measurement is documented
* Examples of dataum

* Global datum: WGS84, North American Datum (NAD83)

* Local datum: NAD27 (A local datum aligns its ellipsoid to closely fit the earth's surface in a
particular area)

* Projection (if it is a PRS)

Source/Ref: CRS wiki


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

CRS is a “Stack” of Dependent Specifications

EPSG Horizontal Unit of
Name Ellipsoid CS Type Projection Origin Axes
Code Datum Measure
_ _ equator/ equator,
ellipsoidal ) ) degree of
432612 GCSWGS84 |GRS80 | WGS84 N/A prime prime
(lat, lon) o o arc
meridian meridian
) Transverse Mercator: | 500 km equator,
UTM Zone 17N  Clarke cartesian o
26717 2 NAD 27 central meridian west of 81°W meter
NAD 27 1866 (x,y) o
81°W, scaled 0.9996 | (81°W, 0°N) meridian
Lambert Conformal )
SPCS ) | grid east at
NAD 83 ) Conic: center 86°W, 600 km grid _ US
Tennessee cartesian center point,
6576 (2 GRS 80 | (2011 34°20'N, standard west of survey
Zone NAD 83 (x,y) _ 86°W
epoch) parallels 35°15'N, center point o foot
(2011) ftUS meridian

36°25'N

Source/Ref: CRS wiki



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

GIS (Geographic Information Systems)

* GIS are tools to analyze, manipulate, and visualize spatial information
on a computer

* Many GIS tools
* QGIS, ArcGIS, MapBox, etc.

* We will only focus on visualization with GeoPandas’s plot () function
e GeoPandas’s plot() is a method on GeoSeries or GeoDataFrame
* GeoPandas’s plot () builds on Matplotlib

Source/Ref: Introduction to (Q)GIS by Jeff Allen



https://qgis.org/
https://www.arcgis.com/index.html
https://www.mapbox.com/
https://geopandas.org/en/stable/docs/user_guide/mapping.html
https://schoolofcities.github.io/mapping-workshops-2023/qgis-intro
https://jamaps.github.io/about.html

Geopandas - 1

* Make working with geospatial data in Python easier

* Extends pandas to allow spatial operations on geometric types

* Geometric operations built on shapely

* File access built on fiona
 Plotting built on matplotlib

index

data

geometry


http://pandas.pydata.org/
https://shapely.readthedocs.io/
https://fiona.readthedocs.io/
http://matplotlib.org/

Geopandas - 2

* Load dataset containing geometry info

* Manage Coordinate Reference System (CRS)

e Store CRS info
* translate between CRSs

* Geospatial operations

* Calculate areas bounded by polygons
e Spatial join

Spatial aggregation
* Many more

* Plot
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Hands-on: Warm-up — Geopandas Basics

* Load data
* Canada province boundary shape file

e Determine CRS and convert between CRSs

* Perform geospatial operations
* Example: calculating areas

* Plot maps



Walk-through — Toronto Parking Ticket

* Reproduce (almost) Jeff
Alan’s Toronto Parking " '
Tickets Visualization

* | believe Jeff’s plot is done
using QGIS and Inkscape

 We will use GeoPandas
with Matplotlib Parking Tickets in Toronto by Jeff Alan

Ref: 1) https://schoolofcities.github.io/parking-tickets-toronto/
2) https://github.com/schoolofcities/parking-tickets-toronto/tree/main



https://schoolofcities.github.io/parking-tickets-toronto/
https://schoolofcities.github.io/parking-tickets-toronto/
https://schoolofcities.github.io/parking-tickets-toronto/
https://github.com/schoolofcities/parking-tickets-toronto/tree/main

Walk-through — Our Implementation
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Mapping Parking Tickets in Toronto

Over 22.8 million parking tickets were issued in the City of Toronto in the
decade spanning 2011 to 2020, representing over 1 billion dollars in fines.
This map shows almost all of these parking tickets.

the refined plot



Default Plot

# draft a heatmap plot
fig, ax = plt.subplots()

boundary.plot(ax=ax)

centreline.plot(ax=ax, column='count all', cmap='plasma')

centreline.head()

CENTRELINE_ID FEATURE_CODE_DESC

0 914600 Local
1 914601 Local
2 7862398 Local
9 914587 Iajor Arterial
4 6735911 Iajor Arterial

Ref: 1) https://geopandas.org/en/stable/docs/reference/api/geopandas.GeoDataFrame.plot.html
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https://geopandas.org/en/stable/docs/reference/api/geopandas.GeoDataFrame.plot.html
https://matplotlib.org/stable/users/explain/colors/colormaps.html

945000 A

Refine 1. Better Orientation sme:

935000 A

# rotate centreline 930000 -
# turn EPSG:4326 to EPSG:3347 first to avoid shape
# distortion after rotation 925000 -

cline 3347 = centreline.to crs(epsg=3347)

7.51 7.I22 7.I23 7..'24
le6
# rotate with respect to the centroid of all centrelines

cline 3347 rotated = cline 3347.rotate(-28, origin=cline_3347.union_all().centroid)
.rename("geometry 3347 rotate")

# combine the original centreline GeoDataFrame with the rotated GeoSeries
centreline rotated = centreline.join(cline 3347 rotated)

# rotate boundary

# turn EPSG:4326 to EPSG:3347 first to avoid shape distortion after rotation

# rotate with respect to the centroid of all centrelines to match centreline rotation centroid
boundary_rotated = boundary.to_crs(epsg=3347).rotate(-28, origin=cline _3347.union_all().centroid)




Refine 2. Colormap on Discrete Intervals

Mapping Parking Tickets in Toronto
# Generate a colormap index based on discrete intervals datada spanming 2011 5.

panning
This

parking tickets were issued in the City of Toronto in the
2011 to 2020, representing over 1 billion dollars in fines.
map shows almost all of these parking tickets.

# https://matplotlib.org/stable/api/ _as_gen/matplotlib.colors.Colormap.html

# https://matplotlib.org/stable/api/_as_gen/matplotlib.colors.BoundaryNorm.html
cmap = plt.colormaps['inferno'].with_extremes(over="white")

bounds = [5, 10, 25, 50, 100, 250, 500, 1000, 2500, 5000]

norm = BoundaryNorm(bounds, cmap.N, extend='both")

# plot centreline heatmap
centreline_rotated.plot(ax=ax, column='count_all"',
cmap=cmap,
norm=norm,
markersize=0.5,
legend=True,
legend_kwds={
'shrink': 0.3,

'orientation': 'horizontal’,

'pad': 0, - .
aldies 8 (JaSp &) NuLn?ber E;{; paigﬁwg iiiietf?&r 11%%?11L500 .
'extendfrac': 'auto', -

'extendrect': True,
'label’: 'Number of parking tickets per 100m'})

Ref: 1) Discrete and extended colorbar with continuous colorscale
2) In general, you can use mapclassify to auto-generate classification schemes for choropleth maps.



https://matplotlib.org/stable/users/explain/colors/colorbar_only.html#discrete-and-extended-colorbar-with-continuous-colorscale
https://github.com/pysal/mapclassify

Refine 3. Better Colorbar

# plot coloarbar legend separately so as to customize its look
cbar = fig.colorbar(ScalarMappable(norm=norm, cmap=cmap),

ax=ax,

orientation="horizontal’,

shrink=0.3,

pad=-0.02,

anchor=(0.5, 1),

extendfrac="auto',

extendrect=True,

drawedges=True,

label="'Number of parking tickets per 100m') 25 50 100 250 500 1000 2500 5000

Number of parking tickets per 100m

EE——

cbar.ax.tick_params('x',
bottom=False, labelbottom=False,
top=True, labeltop=True,
labelrotation=45)

Number of parking tickets per 100m




Refine 4. Map Scale, North Arrow, & Notes

# add scalebar
# https://geopandas.org/en/stable/gallery/matplotlib_scalebar.html
scale = ScaleBar(dx=1,

location="lower right"',

color="grey"',

box_alpha=0,

width_fraction=0.005,

border_pad=5)

_ = ax.add_artist(scale) Mote: This is an attempt to reproduce Jeff Allan's Toronto
Parking Tickets Map using Matplotlib. Find the original plot
at http hoolofcities github.iofparking-tickets-toronto/.

++

add north arrow
https://matplotlib.org/stable/users/explain/text/annotations.html Data source and data processing code can be found therein.
__ = ax.annotate("N",

xy=(0.91, 0.25), xycoords='figure fraction',
xytext=(0.9, 0.19), textcoords='figure fraction',
ha="'center',

color="gray"',

arrowprops=dict(arrowstyle="fancy", color="gray"))

H*

# add notes
_ = ax.text(e.6, 0.11,
("Note: This is an attempt to reproduce Jeff Allan's Toronto \nParking Tickets Map using Matplotlib.
"Find the original plot \nat https://schoolofcities.github.io/parking-tickets-toronto/.\n\n"
"Data source and data processing code can be found therein."),
transform=ax.transAxes,
wrap=True,
fontsize=8,
horizontalalignment="left",
bbox=dict(boxstyle="'square', pad=1, facecolor='black', edgecolor='black"'))
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