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REQUIREMENTS:

Download QGIS -> https://qgis.org/en/site/forusers/download.html#

Dados PORDATA -> https://www.pordata.pt/

Data of General Transit Feed Specification (GTFS) -> They can be found
on several sources:
https://www.transporlis.pt/Default.aspx?tabid=314&language=pt-PT

(new CML website, very organized — start here)

https://dados.gov.pt/pt/

http://dados.cm-lisboa.pt/dataset?res format=GTFS

https://transitfeeds.com/p/metro-de-lisboa/1003

We will compile as many of these as we possible can, organize and save
them in your folders, the more data the merrier. Sometimes it is hard to
find correct or up-to-date data, but we will do our best to find as much
Stops data regarding bus, subway, bicycles, boa, tram, etc. to create the
most accurate depiction of accessibility to transport possible.



https://qgis.org/en/site/forusers/download.html
https://www.pordata.pt/
https://www.transporlis.pt/Default.aspx?tabid=314&language=pt-PT
https://dados.gov.pt/pt/
http://dados.cm-lisboa.pt/dataset?res_format=GTFS
https://transitfeeds.com/p/metro-de-lisboa/1003
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People also ask

What is QGIS used for?

QGIS (until 2013 known as Quantum GIS) is a free
and open-source cross-platform desktop geographic

information system (GIS) application that supports
viewing, editing, and analysis of geospatial data.

https://en.wikipedia.org » wiki » QGIS

QGIS - Wikipedia
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Access to mobility services

a Definition
Share of population with appropriate access to
mobility services.

b Parameter

Percentage of population living within walking
distance of public transport (stop or station) or
shared mobility (car or bike) system.

¢ Methodology description

= M4: Analysis (spatial data) (using GIS)

The proposed parameter analyses accessibility

to mobility services in terms of “the percentage of
population living within a public transport service area in
a metropolitan area”. This is the percentage of people
living within a straight-line distance of 400 meters from
a public transport stop (including paratransit such as
microbuses) or 800 meters from a rail transport stop. In
addition to radial straight-line distance measurements,
the real distance measured along the street network
can be used too (this is of course more realistic). Values
to define the service area based on real distances

to be used are 500 meters for bus stops and 1,000
meters for rail stations. If circles based on straight-

line distances are used as catchment areas, barriers
such as rivers, dams, highways, etc. must be included
in order to exclude the areas that are not reachable
directly from the public transport stop.

4

The percentage of people living within the service

areas can be calculated by using spatial data — GIS
using the Buffer Wizard (e.g. with software ArcGis and
ArcView). The Buffer Wizard allows rings to be drawn
around features (points, lines or polygons) at a specified
distance from that feature. To use the Buffer Wizard,

the map must have defined units; otherwise the buffers
cannot be processed. The necessary data are two
different shape files, one with public transport stops and
one with the population.

" F°"“l=lﬁ &fadlw/alion melhad
PR

\ Accl — 2i(PRy)
| Cap

Accl = FEEom wn m we e e e,

PR, = Number of people living within acceptable radius
of a station (or stop) of public or shared mode i (800

m for train, metro or car sharing station, 400m for bus
or tram stop or bike sharing station not yet counted in
another mode range [ #]

Cap = Capita or number of inhabitants in the city [ # ]
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2) An alternative approach is to use a 400 m by 400 m

grid applied to the city. Within each grid determine
the percentage of the total population. Population
IS given in the most recent City census and may

be divided by Ward, Borough, Zone, or other
appropriate division. Within each grid identify if
there is at least one public transportation stop (bus,
metro, train). Enter the data for each grid into the
spreadsheet for Indicator “Access”.

In a perfect world, we would be able to achieve the proposed
methodology. However, for this to be a possibility, we would require high
grade data which is currently unavailable in Portugal.
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Legend

= Cities/Towns
= GIRA Network
* Metro Station
* Ferry Station
* Train Station
+  Bus Stops
Poputation Density (pop./km?)
B 5-275

B 276 - 1290

[ 1290 - 3102

I 3102 - 5953 0

I 5953 - 16875 e

Final product similar to:

AML

Legend
= Cities/Towns
* Train Station
* Metro Station
+  Bus Stop
Population Density (pop. km?)
W s-23
B 223 - 457
[0 457 - 802
I 502 - 1439
W 1439 - 7837
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To get there, let us start.
Make sure you are operating on WGS84. This will be important later.

(Most data we will download uses WGS84 projections)

(@ untitled Project — QGIS

" New Crrl+N
Mew from Template >
Cpen... Crl+Q
i Open From *
Open Recent »
Close
B save Crrl+5
E Save As. Ctrl+Shift+s
Save To 3

Revert

Snapping Optians...

Import/Export L3
| New Brint Layout.. Crl+p
[ New Report..
(4] Layout Manager...
Layouts ]
Models L4

Exit QGIS Ctrl+Q

Mapzen Global Temrain
OpenStreetMap

& wes

& WES [ OGC AP| - Features
& ArcGIS REST Servers

sk GeoNode

Layers
s iey 320

an

O e
'b—:
e §

ai Edit View Layer Settings Plugins Vector Raster Database Web Mesh Progessie
<] r B * | !Z L

&

%8 [
e¢VieBE &
Browser
~-ETTO
Favorites.
» 1" spatial Bookmarks
* [ Home
* 0] CA (Swen
rOoa
* 1 EA (178 Mvme)
& GooPackage
# spatiaLite
@ rosgresay
B SAP HANA
I s s0L Server
@ Oracle
B whs TS
i vector Tiles

S8 Satellize
Google Streets
Magzen Global Tersin
Ipenstresthag
Swes

A WFS / OGC AP - Features
&) ArcG1S REST Servers

3¢ Geotiode

Layers

BB ZC s T @

G Project Properties — C
|-
Project Coordinate Reference System (CRS)

M €S (or unknownynor-Earth prapection)
Fiter

Recently Used Coordinate Reforence Systems
Coondinate Reference System

ETRS23 / Portugal THDE

WGS B84 (G1762)

“
Predefined Coordinate Refsrence Systems.
Coordinate Reference System

Wairol 1879

Vool 1879 (Paris)

WG5S 66

WS 56

WS 72

WGS T2

WES T20E

WS 1788

WS R

* Guographic {uses latRucs and lngitucs for cocrdinatas)

= Dynamic {relies on a datum which is not plate-fiued)

* Calestinl body: Earth

* Based o IHork! Geocwec Syxtem S804 ensemble (EPSG6326), which
sl pexuracy of at bust 2 meters.

* Mathad: Latjlong (Gacdetc k)

Authority 1D
EPEG3TE3
EPSG. 7664

Hide deprecated CRSs
Authority 1D =
EPSG4ETI
EPEG 4821
EPSGATED
EPSG4E91
EPSGA322
£PsG4%85
EPSG:4324
EPSG 4587

CpcsAGTo
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Download the Portuguese CAOP and Load the data:

https://www.dgterritorio.gov.pt/cartografia/cartografia-

tematica/caop?language=en

G “Untitled Project — QGIS
Project Edit View Settings  Plugins Vector Raster Database Web Mesh Processing Help

B £y (3 & @ Data Scurce Manager Crri-L OEHE tvmv§ -
@®E V2 mP  Creae Layer v a
= v Add Layer b, Add Vector Layer Ctrl+Shift+V
Browser : Embed Layers and Groups... ';, Add Raster Layer... Ctri+Shift+R
iET¥0 Add from Layer Definition File... m Add Mesh Layer..
Favorites Copy Styl 9., Add Delimited Text Layer... Clrl+5hift+T
L
» I Spatial Bookma W, Add PostGIS Layers.. Ctrl+Shift+D
* i Home /4 Add Spatia 1 S
r C (Swff) ¢
» 01DA W add MssQ Q Data Source Manager | Vector
¥ [ EA (1B Nyme) F6 @, rdd Sracle =
@ GeoPackage v M. Add SAP H i ey Source Type
# spatialite I add/editv
< ’ ® File Directory Database Protocol: HTTP(S), cloud, etc.
Q_ :::i;iﬂ @ Add WMS/ VS Vector
3 Encedi Automati -
B s sqL Server b | ¥E5 Add XA L Rast ] A
@ Oracle @ Adkd WCS L oo Source
8 WS WMTS Save As Layer Definition File 3 Add WS L 51/
i ) - S i ; m j
. 5 Vﬂc“’f Tiles 4 Remove Layer/Group Crl+D W Add ArcGlt + Mesh Vector Dataset(s) & de Trabalho\PHD AULAS\les MNew Article\New attempt_at map\ @S CAOP2019.shpfes]
_YZ Tiles 51 @, Add Vector « Point
& ESRI Satellite ,5 o BeA At ~ Options
oogle Stree —_— #* Cloud
apzen Glok Carl+Shifts € Consult ESRI Shapefile driver help page for detailed explanations on options
: OpenStreeth om Layer
@wes r . ENCODING
& WFs / OGC AP P DBF_DATE_LAST_UPDATE
& ArcGIS REST Se ok
s Gealode ADJUST_TYPE <Def'_du|t> b
e § ADJUST GEOM_TYPE <Default> M
o Shaw All in Overview
©2 Hide All from Overview # spatiali AUTO_REPACK <Default> b
o DBF EOF CHAR <Default> v
™ Postgre
- Oracle
lv Virtual
<% Layer
o lick add
= : # HANA Click a
Vers CT

A wS L R AR

@ WMS/

* WMTS

=) o I
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You should know have the map of Portugal loaded. (The colors do not
matter, it is random, although later you can change in the layer
properties if you want.)

G ~Untits ied Project — QG5 C
Project Edit View Layer Settings Plugins Vector Raster Database Web Mesh Frocessing Help
By NesAsNED R BebtlOR QEH#EZ~sS~i o~
- . ® = B
B LEae B &

ayers

an
P R
Cont AAD CAOP201S

Coordingte -LH04164472 B Scalei-2107794 v | g Magnifer 100% 3 Rotston 0.0° 3 v Rancer @VEPSGING
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ayers

e LvarC

W newtayer fregs

Cont AAD CAOP2018

If you open the attribute table of this caop shapefile you just loaded,
you’ll notice the column “Dicofre”. This code represents each
“Freguesia” in Portugal. We will now download the population data
from INE, prepare the excel file, and join the pop data to this caop
through the “Dicofre” column.

&;. Zoom to Layer(s)
Zoom to Selection
T3 Show in Qverview
Show Feature Count
@ Show Labels
Copy Layer
Repame Layer
L] Duplicate Layer
[ Remove Layer...

Move to Top

B Open Attribute Table

4 Toggle Editing
Eilter...
Change Data Source...
Set Layer Scale Yisibility...
Layer CRS L3
Export L3
Styles L3
Add Layer Notes...
Properties...

(& Cont AAD CAOP2019 — Features Total: 3223, Filtered: 3223, Selected: 1

e = . A TERE rE
Dicefre ¥ Ereguesia Concelha Distrito TAR AREA EA Ha AREA T Ha Des. Simpli
1 182415 Fl:[l‘ .EgLElIES de Vouzela e Paqos de Vilhangues VOUZELA VISEU AREA PRINCIPAL 133437 1394 37 Vouzela & Pagos..,
String(254) wu]

2 182414 i Teguesias de Fataungos e Figueiredo das Donas  VOUZELA VISEU AREA FRINCIPAL 126597 126597 Fataungos e Fig..
3 182213 Unigo das frequesias de Cambra e Carvalhal de Vermithas  WOUZELA VISEU AREA FRIMCIPAL e 3261.21 Cambra e Carval ..
4 182411 Ventosa VOUZELA WISEU AREA PRINCIPAL 183305 1833.05 Ventosa

182410 Eda Miguel do Mato VOUZELA VISEL AREA FRINCIPAL 90029 900 29 Sio Miguel do
B 182409 Querd VOUZELA VISEU AREA PRINCIPAL 233347 2383.4T Queird
7 182407 Formelo do Monte VOUZELA VISEU AREA PRINCIPAL 1508.10 1508.10 Fornzlo do Monte
B 182403 Campia VOUZELA VISEU AREA FRINCIPAL 392672 392672 Campia
L] 182401 Alcolra VOUZELA VISEU AREA FRINCIPAL 283627 2859627 Alcofra
10 182341 Viseu VISEU VISEU AREA PRINCIPAL 93599 995 99 Viseu

13
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Inicic ' Produtos | Base de Dados

[El Principais indicadores | [2] Principais quadros | ] Basededados | [(] Mi
» Inchuirfretirar indicadores  » Alterar condiges de seleio » Alterar formato do quadra » Visualzar quadro

MEBBSPHFHE.

§8, Popuiacaa residente (1.9) por Local de residéndis, Sexo & Grupo ctirio; Decanal - INE,  da populagso e habitagio - Censos 2021
Dimensbes: Arvore | Cadigos

(s Periodo de referéncia dos dados
[1]
Sexo

o [3]

(9] Grupo etdrio
[t]

Ttal de selegBes: 130

Total de células & visualizer: 375 (permitides;40000)

At this point you should know how to work with INE and download
population data for both AML and AMP.

14
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Create a new excel (make sure it is .csv and add the selected data with
freguesias, dicofre and population.
You can name the columns whatever you want, except the “Dicofre”.

This column has to have the exact same name as the one in CAOP

attribute table.

Periodo de referéncia dos dados

021

Local de residéncia

Dicofre  ___
3

Alvarenga 010402 1057
Chave 610407 1270
Escariz 010409 2114
Fermedo 510411 1261
Mansores 010413 1100
Moldes 010414 1126
Rossas 010415 1491
Santa Euldlia 010416 2120
Sdo Miguel do Mato 010417 550
Tropeco 510418 1086
Unido das freguesias de Arouca 510421 5124
Unido das freguesias de Cabreir010422 185
Unido das freguesias de Canelas™10423 1085
Unido das freguesias de Covelo (010424 171
urro 010419 800
Varzea 010420 534
Espinho 010702 10434

E——— Bansna

san

15
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After you create your filename.csv with the three columns of

freguesias, Dicofre and population, we require an additional step to
ensure Qgis reads this .csv properly with the same datatypes as the
ones in the CAOP attribute table.

1. Create a filename.txt

2. Add the datatype of each column as following:

Assuming you have columns Freguesias | Dicofre | Population
“String”,“String”,” Integer”

You want your .txt to say

3. Save and change the termination of this .txt to .csvt

Now you can load your .csv into Qgis so we can proceed with joining this to the CAOP.
Project Edit View Settings Plugins Vector Raster Database Web Mesh Processing Help

D= B kR

\! Data Source Manager

Ctrl+L

%5‘%2 'Evo

TPV 2 g Create Layer > wg R 2
Mv & v Ry O Add Layer > \/: Add Vector Layer... Ctrl+Shift+V

Browser
O THO

Favorites

» [ Spatial Bookma

Embed Layers and Groups...
Add from Layer Definition File...
B Copy Style

Dacta Shila

!!; Add Raster Layer... Ctrl+Shift+R
& Add Mesh Layer...

¢ Add Delimited Text Layer... Ctrl+Shift+T
@ Add PastGIS | avers Ctrl+Shift+D

16
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Add the .csv file as “No geometry”

(2 Data Source Manager | Delimited Text *
B Erowser

‘ Vector

, Delimite
G Text

+ Postgre
M3 SQL

#* Server
- Oracle
l'f Virtual
A% Layer
SAP
* HANA

@ WMS/

* WMTS

File name ‘ive\Ambiente de Trabalho\PHD AULAS\Qgis_Mew_Article\New_attempt_at_map\Freguesias_ALL_pop.csv €4
Layer name Freguesias_ALL_pop Encoding UTF-8 hd
* File Format =
® (CSV (comma separated values)
Regular expression delimiter

Custorn delimiters

+ Record and Fields Options

MNumber of header lines to discard 0 = Decimal separator is comma
v First record has field names Trim fields
v Detect field types Discard empty fiekds

Custom boolean literals

True False

v Geometry Definition
Point coordinates
Well known text (WKT)
® No geometry (attribute only table)

» Layer Settings The file contains only attribute information - it will not be displayed on the map]
Sample Data
Freguesia Dicofre =
PUVS, SRy SRt § - PUVE, SRy St § - 123y %

Close Add Help

It should appear in your Layers tab
Layers
o (oW . vid AL

Freguesias ALL pop
v [l cont AAD cAOP2019

® &

17




Ciencias
ULisboa

yers
!

Freguesias ALL pop
Cont_ AAD CAOP2019

L LV i = gt

The JOIN

p Zoom to Layer(s)
p Zoom to Selection
Z Show in Qverview
Show Feature Count
Show Labels
Copy Layer
Rename Layer
(! Duplicate Layer
E Remove Layer...
Move to Top
=/ Open Attribute Table
/ Toggle Editing
Eilter...

Layer CRS
Export
Styles

Add Layer Notes...

Properties...

Change Data Source...

Set Layer Scale Visibility...

& 30 View
-

4 Diagrams

4 Rendering

a Temporal

Vanables

Value

(2 Add Vector Join
Join layer

Join field

Target feid

*
= Freguesias AL pc ¥
abe Dicofre v
Aabe Dicofre hd

v Cache join layer in memory

Create aftribute indax on join fisld

Dynamic form
»  Editable join layer
v/ Joined fields

Freguesia

v pop

oot The only field

Make sure it looks

like this

| want to add

oK

is

Cancel | Apply
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Did it work? Let us isolate the data that we want to show. Go to CAOP
properties again but this time select the Symbology Tab:

No Symbols
E Single Symbol

| Q Layer Properties — Cont_AAD = Categorized

a | fB Rule-based
B Merged Features
B inverted Polygons

I'_'i' Information

& symbology Embedded Symbols

Color ramp S —

Classes  Histogram

Symbol ¥ Values Legend

E Attributes Form

Joins

|

& Rendering
“Temperal

Variables
Bl vetadata Mode |E1HEqual Count (Quantie) = Classes § s
Classify @2 == Delete All Advanced ¥
v Uﬂﬁkﬁt’!ﬁ&iﬁ
|
» Layer Rendering
. Style v OK  Cancel  MApply  Help

Choose Graduated and whatever color ramp you prefer. Also, make
sure in the “Value” field, you put the population attribute. Then click

Classify and apply.
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You should have something like this:

Only the matched Dicofre areas have
had a population associated with
them. So, when we plot the
population attribute, we see the pop
AML and AMP data we downloaded
from INE. We should realize this is
total population, it is not taking area
into account.

21
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population per km?2.

For this, we will use the mathematical capabilities of Qgis.
1. Open the CAOP attribute table.

2. Click on the “Open field calculator) or press Ctrl + i

&} Cont_AAD_CAOP2019 — Features Total: 3223, Fitered: 3223, Selected: 1

TEoE 7 R o
Dicofre Freguesia [0 n field calculator (Ctrl+f)joncelno =+
1 140104 Bemposta IC ABRAMTES
Unido das freguesias de Sao Facundo e Vale das Més ABRANTES

2 140123

It should look something like this.
Creates a new field dens_pop that
is made up of pop / (area_total /
100)

We divide by 100 to transform
llHaII in Ilkmzll.

PS: Use the search function to find
freguesias pop and area_t_ha

Distrito TAA AREA_EA Ha AREA_T Ha Des_Simpli Freguesias_ALL_pop_pop
SANTAREM AREA PRINCIPAL 1874535 18745.35 Bemposta i
SANTAREM AREA PRINCIPAL 10431.24 10431.24 360 G

() Cont_AAD_CAOP2019 — Field Calculator

Only update 1 selected feature(s)
v Create a new field Update existing field
Create virtual field
Output field namd
Output field type

Output field length 10

+ Precision 3

Function Editor

i

Expression

row_number

* Aggregates

» Arrays

» Color

* Conditicnals

+ Conversions

* Date and Time
Fields and Values

* Files and Paths
Fuzzy Matching

» General

Geometry

+ LF Tools

* Map Layers

¢ Maps

* Math

+ Operators

* Rasters

* Record and Attributes
L] Sh-i"g

* Variables -

=[x [- Lol =f~luf ]y e
Feature 080106 - B
Preview: ML

ip field

* " Double-click to add field name to

Thus, it would be interesting to see population density, meaning,

10 Samples

Cancel Help

22
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‘: Apply the same methodology as in Slide X but this time you will

Graduate with the dens_pop value.
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The image makes more sense as it reflects the density (pop./km2)
instead of just total population.

22
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Now that we have population density, we will start filling our map with
as much GTFS data as we can possibly find.

Let us start with getting data from
https://www.transporlis.pt/Default.aspx?tabid=314&language=pt-PT

Download every single one. We will plot them all. We will try to search
other municipalities GTFS data, such as Cascais, Sintra, Odivelas, etc,
and plot them.

23



https://www.transporlis.pt/Default.aspx?tabid=314&language=pt-PT
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We will do the same for AMP. | will make it create a wetransfer link and
send you this data along with extra AML data.

Finding data is not always linear, we are at the mercy of institutions,
private entities, government entities. In the case of AMP we are lucky
there was a hackathon which made available some of this data that |
will make available to you.

arsoares@fc.ul.pt

24
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After we start populating our map with GTFS information, we should
have something like this:

Our layers (we will have
more in class if we can.)

_:5'_ Freguesias

v O TTSL

v @ TST

v O stops

v @ paragens_etrs89

v O sulfertagus

v @ metro

v @ fertagus

v ® CP

v O carristur

v @ MTS

v O Estacoes metro

v ® Estacoes CP

v © stops

v @ carris

v [ CAOP2020 freguesias

vIl4-222
W []232- 568
Vv []566-1186
[ 1186 - 4035
v [l 4035 - 16997

AMP

25
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Merge all Stops layers into one single layer.

5 Raster Database Web Mesh Processing Help

)l Geoprocessing Tools rQE R EIEvmve Ov
. Geometry Tools 4 : R 2
] Analysis Tools 4
Research Tools d e . L, m i
Data Management Too Create Spatial Index...

Join Attributes by Location...
crge cClO dy e

Reproject Layer...

|1 split Vector Layer...




F
C With the new all Stops layer and your CAOP, count Points in polygon...

Ciencias This will yield a new column in the CAOP attribute table that states
ULisboa how many “Stops” are in each polygon.

Since we know the population that resides in each polygon, and the
area, we can now start calculating how many people have access to
this transportation. It is easy to understand how this methodology has
its shortcomings and differs from the SMP2.0 methodology, however,
this is the best we can do with the data we have available.

Raster Database Web Mesh Processing Help
Geoprocessing Tools » | @ L= 2> v
Geometry Tools b |y R °E

q

Analysis Tools " Count Points in Polygon...
Research Tools 4 3@8 Line Intersections...
Data Management Tools » :"3 Mean Coordinate(s)...

# Nearest Neighbour Analysis...
% Sum Line Lengths...

>, Basic Statistics for Fields...
@ Distance Matrix...

= List Unique Values...

27
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The final and most direct way to calculate this indicator is to export
the spatial information we have gathered in Qgis, to a .csv

To do so, you will click on the newly created layer which has the
Attribute Table with the Counting of the points in each polygon and
Export > Save Feature As... Format (comma separated value [CSV]).

Daskeon 4 0: 0 [% population]
A t bili i Analysis | © 1 2 3 4 5 8 7 8 9 1 : o
ccess to mobility services lysi i | | | | | : | | h - 10: 100 [% population
AGiT = 2i(PR;)
Ol = e
Cap

Accl = Appropriate access Index [% of population]

PR, = Number of people living within acceptable radius
of a station (or stop) of public or shared mode i (800

m for train, metro or car sharing station, 400m for bus
or tram stop or bike sharing station not yet counted in
another mode range [ # ]

Cap = Capita or number of inhabitants in the city [ # ]

28




:
cn e You should understand by now that we have very limited data to
Ciéncias

ULisboa pinpoint in a direct “apples to apples” comparison of the indicator
below:

. . . 0: 0 [% population]
Access to mobility services Analysis | 1 2 3 4 5 & TR o T . ;

[ 1 T T T T T T T 1 10: 100 [% population
n ar

So, we will do a variation of this with the following assumptions:

1. You calculate the best municipality — our 10 in the scale
(‘freguesia’ with most stops per capita)

2. Now you compare every other municipality to your 10 and make
appropriate averages for both AML and AMP

3. Then you will try to find number of stops per capita for other
cities/municipalities in the world to try to convert to our scale for
comparison. You have some freedom here but it will award you extra
points. It is understandable that you might not find accurate/precise
information.
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de Lisboa

Vice-Dean for International Cooperation
Prof. Pedro Almeida
palmeida@ciencias.ulisboa.pt

Contacts:
https://ciencias.ulisboa.pt/en/international
https://ciencias.ulisboa.pt/en/researchers
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