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a Definition
Proportion of land use, taken by all city transport
modes, including direct and indirect uses.

b Parameter
Square meters of direct and indirect mobility
space usage per capita.

¢ Methodology description

= M4: Spatial analysis

The efficiency of mobility space usage is calculated by
the ratio of the area covered by all city transport modes,
including direct and indirect uses, to the total population
of the city. The space usage is preferably measured by
using spatial data and GIS, calculating the overlap of
the: shape file area for city transport and the one of the
total area. An alternative is using existing data.

d Formula & Calculation method
Efficiency of land use, taken by all city transport modes,

including direct and indirect uses
L

I Liwn + L) |k
i i i
1 LUM= il

LUM = Land use Tor mobility applications [ m#]

LD, = Direct Land use for mobility mode i [ m? ]

LI = Indirect Land use for mobility mode | [ m? |

i = Mohbility mode| # ]

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

Efficiency refers indirectly to mobility output by
referencing total population.

Direct land use by city transport refers to the area
covered by transport infrastructure such as roads and
streets and squares used to move people and for
vehicles (public areas excluding parks, playgrounds and
sport terrains). Airports and sea ports are excluded,
inland ports included.

Indirect land use by city transport refers to indirect uses
such as off-street parking areas urity areas, service
areas, stations, inland port hubs rage areas and
distributions centers for city freight transport.

Some suggestions of land use for the calculation:

DIRECT

Fast transit roads

Other roads

Railways

Infand ports and water ways
INDIRECT

Open parking

Private parking

Service area and petrol stations
Storage and logistic centres
Stations

e Source

Methodology

The desc methodology is based on informal
from the Victoria Transport Policy Institute (VPTI,
“Evaluating Transportation Land Use Impacts®, (2012},
p. 11-16)

Data sources:

- Direct and indirect land use for mobility can be
extracted from GIS maps (for parking this net land use
has to be multiplied with the number of levels)

f Scale
Brussels: 60.92

¢ 1 2 3 4 5 B_7T 8B 9 W

L | I I | 1 1 ¥ | 1 | |

r T T T T T T T 1
=125 25

[m2 per capita]

» 0: = 126 (m?/capita)

= 10: €25 (m?/capita)

Land use for car traffic is aimost the same amount as
for housing (US; source: Litman). A minimurm score of
125 ¥ is chosen

g Notes

— Direct land use can also be calculated as a product
of the total length of the infrastructure
(e.q. secondary roads) multipled by a standard
width per category.

= Indirect land use can also be based on the average
unit surfaces for parking and service areas.




F To calculate this indicator, we will use the power of QuickOSM (Quick
OpenStreetMap) tool in Qgis.

Ciéncias | will probably make this file available to you as this requires quite some
ULisboa computing power to download and load in ggis (raw data with millions of
datapoints.) — If you are following this at home skip to slide 9.

e . B

S Beena | =

& / 1 Natuol \ i N
5, ey | doEstudria = \
—_— ¥ o L2 ) — oo Sado \
| R .




Ciencias
ULisboa

You can try to use the QuickOSM tool yourself, or even download the
already available OSM packages for AML and AMP on the internet. We will
talk a little bit about it in class.

Still, since this requires quite some computational power, we will not use
it for the final data, but we can tinker with it for smaller regions so you
can learn.

Links that might be useful:
https://learnosm.org/en/osm-data/osm-in-qgis/

https://gis.stackexchange.com/questions/301221/downloading-road-

map-of-specific-country-from-planet-osm-and-using-it-in-arcgis

https://www.interline.io/osm/extracts/



https://learnosm.org/en/osm-data/osm-in-qgis/
https://gis.stackexchange.com/questions/301221/downloading-road-map-of-specific-country-from-planet-osm-and-using-it-in-arcgis
https://www.interline.io/osm/extracts/
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(2 O5M_Roads_Final_AML — Features Total: 260045, Filtered: 260045, Selected: 0

i

full_id

1|w2954258

2 w3979151

3 w3gT91s2

4 w3g79153

5 w3gT9154

6 w3979155

7 w3979156

B w3979157

9 w3979159

10 w3979160

11 w3979161

12 w3979162

13 w3g79163

14 w39T9164

At this stage, we should have our OSM roads loaded and ready for
the next steps.

Next steps: Let us focus on calculating how much space roads
occupy. For this, we must know the span of a residential, primary,
and tertiary road, etc.

After we have an attribute which
states how wide a road is
osm_id osm_type highway junction lanes oneway . .
wsss oy =z o (guesstimate based on the available

3979151 way residential NLILL no

3979152 way sy e : i d ata ) ] ’,J/_/ -

3979153 way residential AUILL NULL no = _:/‘I\ b s
3979154 way residential NULL no T e \‘\ '
3979155 way steps WLILL LI WLILL ;J- _ \\ _\ | J |
3979156 way residential § it no ¥V = (A {
3979157 way residential NULL no ‘ / W \ \K\‘.‘.
3979159 way residential A A noe { ,". I; | |\\.
3979160 way primary roundabout N NULL Z,‘.__\_)J / \ .'I: / b
3979181 way residential N NUILL no

3979162 way primary NULL 1 yes

pre—" " - We can use that attribute to
e - create a “buffer” which highlights
the area it occupies.




Ill

Running the Tool “Statistics by categories” we can see every unique road
trait we have. Since we only care about road infrastructure for transport
en e mobility and so forth, we use another Tool “Select by expression” to
Ciéncias
ULisboa remove unwanted data.

) statistics by Categories ®
Parametars | Log Statistics by
Input vector layer categories
'/ Geopackage_Pcads_4_Students [EPSG:4326] alll -+ _;\' v Igeritn
Selected festures only | T = 7 r o ™7
Selects o T = = 777 A e AV TR o B e
Field to caloulate statistics on (If empty, enly count is calculated) [optional ] e " | LA TN L R T M 3 e Rt |
abs highway - [ Statistics by cat 5 p @ Statistics by category — Features Total: 17, Filtered. 17, Selected. 0 T =} *
Feld(s) with catagonies v — Geopackage_Roads 4 Students | - TE&; PR & e
highway /= Clean_Roads layer | highway count unique empty filled min max
5 + 05 ROADS FINAL b7 o
Statstics by categery | [residential 91246 1 0 91946 residential residential
— O5M Roads {
ik b vy it - - | : : :
. CountingPeints I2 primary. 8308 1 0 BB0E primary primary
+ Open output file after running algodithm = 3 OpenStreetMap |
13 turk 1747 1 0 1747 trunk trunk
!4 motorway_link 2ede 1 0 2646 motorway_knk motooway_fink
!5 unclassified 10731 1 0 10731 unclassified unclassified
16 tertiary 12756 1 0 12756 tertiary tertiary
17 pedestrian 2858 1 0 2858 pedestrian pedestrian
8 senvice 36602 1 0 36602 service senvice
19 matorway 1266 1 0 1266 motorway metooway
10 trurk_link 1154 1 0 1154 trunk_link trunk_link
.‘:1 secondary 7766 1 0 TT66 secondary secondary
0%
|12 secondary_link 788 1 (1] TBE secondary_link secondary_link
Advanced ¥ Fun as Batch Process. H
13 primary_link 1264 1 0 1264 primary_link primary_link
14 tertiary_link 905 1 (] 905 tertiary _link tertiary_link
15 living_street 1531 1 0 1531 living_street living_street
16 eonstruction 264 1 0 264 construction construction
17 cycleway 1283 1 1] 1283 cycleway cycleway

Our job is now to attribute “weight”, meaning, a width, to each of these highway categories
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And our clean data
(This file is available
In Fenix
“Clean_roads_4
students):

Considering the following table:

em noves arruamentos (m)

Nivel 1= Nivel 2¢ Nivel 3¢ Nivel 4¢ Nivel 5¢ Nivel
Designagiio Rods Dikr:;u?:é D_.Rf:: "‘-’ao Redede  Rede de Acesso
estruturante * ° S Proximidade Local
Principal Secundaria
Objectivos - Protecdo e
Di
Suparte 3 istribuic3a Distribuicio de  Distribuigdo no incentivo do
percursos de inter e intra provirmidade baime modo pedondl. ¢
langa distdncia setores ciddavel
Caracteristicas Numero de sentidos 2 2 louz louz louz
Fisicas Nimero minimo de vias . _ 2 1 1
com 1 sentido de circulacao
Nimers minima de vias
com 2 sentidos de cireulagao 303 2r2 tel 1ot Lol
Separacao fisica dos sentidos
de circulacko Obrigatdria Desejavel Facultativa A evitar Proibida
Largura minima das vias (m) 3.25 3,00 3,00 300 3,00
Largura minima das bermas 2,50
lado direita (m) {em vias novas)
Largura minima das bermas 050 _ - - -
lado esquerdo (m) ’
Largura minima dos passeics
em arruamentos existentes (m) 150 150 120 120
Largura minima dos passeios 300 3,00 300 3,00

Figure 1. Taken from CML Public Space Manual

| G swtistics by category — Features Total: 17, Filtered: 17, Selected: 0

- % LTRSS zE
X highway count X unigue
1 I't'ﬂdenllal 19445
2 |service 36602
3 tertiary 12756
4 unclassified 10731
5 primary BE0S
& |secondary T7E6
7  motorway 3266
8 pedestrian 2858
5 motorway_link 2646
10 trunk 1747
11 living_street 1531
12 cycleway 1283
13 primany_limk 1264
14 trunk_tink 1154
15 tertiary_link s
16 secondary_link 788

17 construction

We must devise a way to

different roads.

attribute

R

empty

appropriate widths to all these

0

0

filled min

99946 residential
36602 service
12756 tertiary
10731 unclassified
8808 prmary
7766 secondary
3266 motonway
2858 pedestnan
2646 motorway_link
1747 trunk
1531 living_street
1283 cycleway
1264 pnmary_link
1154 trunk_link
905 tertiary_link
788 secondary_link

264 construction

o x

max

residential
senvice
tertiary
unclassified
primary
secondary
motorway
pedestrian
matorway_link
trunk
living_street
oycleway
primany_link
trunk_fink
tertany_link
secondary_link

construction




F
C OSM nomenclature partially helps solve our problems:

https://wiki.openstreetmap.org/wiki/Key:highway
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The CML guide helps us complement this information:

https://www.lisboa.pt/fileadmin/cidade temas/urbanismo/espaco

publico/Manual espaco publico.pdf

(It is in “Espacos de Circulagao rodoviaria”.

Nivel 1= Nivel 2¢ Nivel
Designagio Rede JiR::;Jd;
estruturante # o
Principal
Objectins Suporte a Distribuicdo
percursos de inter e intra
langa distdncia setores
Caracteristicas  Numero de sentidos 2 2
Fisicas

Nimero minimo de vias
com 1 sentido de circulacdo

Murmero minima de vias

com 2 sentidos de circulagio 303 2r2
Separacao fisica dos sentidos .
de circulacho Obrigatdria Desejavel
Largura minima das vias (m) 3.25 3,00
Largura minima das bermas 2,50
lado direito (m) {em vias novas)
Largura minima das bermas 050
lado esquerdo (m) -
Largura minima dos passeics 150
&m arruamentos existentes (m) "

. 4 .
Largura minima dos passeics 3,00

£m noves arruamentos (m)

Cheats and assumptions for the class:

3+ Nivel

Rede de
Distribuicdo
Secundarnia

Distribuicdo de  Distribuicdo no

proximidade

louz

4 Nivel

Rede de
Proximidade

bairro

lou2

5+ Nivel

Fede de Acesso
Local

Protecao e
incentive do
modo pedonal e
ciclavel
louz

1

1+1

Proibida

3,00

120

3,00

Motorways and motorway links can be interpreted as 3.25m for each lane + 0.5 kerb
width. The rest of the roads we will assume 3m for each lane with no kerb width.

10



https://wiki.openstreetmap.org/wiki/Key:highway
https://www.lisboa.pt/fileadmin/cidade_temas/urbanismo/espaco_publico/Manual_espaco_publico.pdf
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Thus, during the class we did the following:

We separated the motorway and motorway_link from the rest of the roads
with select or extract by expression and then, through the attribute field
calculator we created a new column called “new_width” using the code:

CASE
WHEN "width" IS NOT null THEN width
WHEN "lanes" IS NOT null THEN lanes*3.25+0.5
WHEN "oneway" IS null THEN 3.25*2+1
WHEN "oneway" IS 'yes' THEN 3.25+0.5
WHEN "oneway" IS 'no’' THEN 3.25*2+1
END

This type of rough approximation can result in some motorways being
accurately represented just as it can result in gross misrepresentations of the
real width. Tinker with these values and justify your approach.

11
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The code for the new_width column for the rest of the roads differs in the
following way:

CASE
WHEN "width" IS NOT null THEN width
WHEN "lanes" IS NOT null THEN lanes*3
WHEN "oneway" IS null THEN 3*2
WHEN "oneway" IS 'yes' THEN 3
WHEN "oneway" IS 'no' THEN 3*2

END

The interpretation is the following: When we have a value in the column
width, we use that value. If we do not, we then attempt to use the lanes
column to devise a width value by multiplying it by the CML “reference” for
the lane width. When we do not have such values, we the attempt to at least
characterize the street as being one-way or two-way and assume that if it is
two-way, then we multiply by 2 (two-lanes of traffic). If we do not have any
value, we assume it is a two-way street.

All these assumptions can be tinkered with. We will leave you to justify your
approach in the presentation. It is incentivized to try different things.

12
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St bt s

Make sure you are using ETRS89 / PORTUGAL TMO6 before
running the mmaqgis buffer

Click here and
search for it

W

13




Instead of using the standard buffer we will use an older tool less
prone to errors: install mmaqgis plugin and use it.

@ Plugins | Al (843) ><
C 1A : 1 MMQGIS a
iencias CL_ ) R

ULisboa

A collection of QGIS vector layer operation plugins .
MMQGLS i 2 set o Pythen phaging for mariatating vectar map lavens n s WVED  Mesh - Processing [WINIOlE] Help

QEOCONg, GEOMmAtTY Conversion, buffenng, hub analys:s, simpl&ication, cokmn mol

ﬁl’fﬁmﬁﬂ%’f?Zn"a'éi’x?:.}i“.'i‘x?:ﬁ:”,ﬁ5%:.;&‘33?2’2‘.‘.,@ N ED Y Animate >
sk ki Sl ) Combine
b Settings :::'F:: uv o g s  EK ® Create » | B4 Create Buffers
PO e b Geocode »| I Create Grid Layer
m————mmmmm———— Import / Export » | % Hub Lines / Distance
Modify » | ER voronoi Diagram
Search / Select »
Upgrade All Uninstall Plugin | Reinstall Plugin
Geee [l e Q Create Buffers X
Input Layer Name
Final_Layer_Roads_Motorway v
Selected Features Only
Radius Attribute Fixed Radius Radius Unit
Your width column created with the —rat0 wir ~ | 05
C AS ES COd e Edges Attribute Fixed Number of Edges
Rounded ¥ | 32 (Rough Circle)
Rotation Attribute Fixed Rotation (Degrees)
(fixed) 0
Output File Name
hGIS/QG]SB/proﬁIes/defauIt/MotonvayBuFfersJ‘ﬂi |
| Ready
| Close | Apply

14




F After creating our buffers for both motorways and non-
C motorways layers, we need to merge them and separate them by

AML and AMP. There are several ways to do it, here we propose:
Ciéncias  Use your original unaltered CAOP_fix (Fenix), which contains both

ULisboa AMP and AML and let us separate them so we can do the indicator for

both AML and AMP.

Project Edit View Layer Settings Plugins
IEERRE OSPLRE
RV, Z2RED

= MER R

i_ég Select Feature(s)

?'Eé Select Features by Polygon
| i Select Features by Freehand

{ 'Vs Select Features by Radius

» (3] Home

» [ €\ (Stuff)

» (DA

» []E\(1TB Nvme)
@ GeoPackage
ﬁSpa’daLite

- DAactrae~aCmil

Layers ®

o ([l W% & vl @O
v [l AML_caop

Il AMLONLY
D CountingPoints

Euz-;:_ark‘ =
- Click

=1 NAODUEE

op
[ amLomLY
W countings: R

 Click
Make sure you

have the layer
you want to
isolate clicked.

" b Layer Exportad: Succosstully saved vactsr by £ O e

o el A

e e Trabal PHD ALLASIO0N Hen AnchiAmoAME_ CACR sho

Encompass the whole AML

15
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Save the selected polygons from this layer to a new layer by
saving selected features as. You have isolated AML into a single

layer.
Do the same for A

Era-mrs r BYHRG

MP.

sk T EE @

Browser % | v Layer Exported: Successfuly saved vector layer to Ci\Userstangel\OneDrive\Ambienta de TrabalholPHD AULAS\gls New Artcle\alunos\AMP CAOP.shp

ST te
7 Favorites

» 1" Spatizl Bockmarks

» [ Project Home

» [& Home

» [ Co (stuff)

L
» [ EA (178 Nvme)
& GeoPackage

f SpatiaLite

[T NS—

Layers e
v REewivid Xl

W avL caop
[ aMP caoP

AMLONLY

. CountingPoints ’ <oom o Layerts)
# Zoom to Selection
©F Show in Querview
Show Feature Count
@ Show Labels
Copy Layer
Fename Layer
L Duplicate Layer
[d Bemove Layer..,
Move ta Top
Move to Eottom
= Open Attribute Table
4 Toggle Editing
Filter...
Change Data Source...
Set Layer Scale Visibility...
Layer CRS

Styles
Add Layer Motes..,
Eroperties...

Save Features As..

Save Selected Fel

Save as Layer Definition File.,
Save as QGIS Layer Style File.

16
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Next, merge your buffers to simplify the process of clipping.

@ Merge Vector Layers *
Parameters | Log Merge vector
4 Input layers layers

algorithm combines

AML_CAOP [EPSG:3763] Select All

mu vector layers of
AMLOMLY [EPSG:3763] . the same geometry type
Clear Selection
AMP_CACP [EPSG:3T63] £ inte & single ane.
v buffer_Motorway [EPSG:4326] Toggle Selection | The attribute table of the
Y Buffer.ro mtorvy E£5G4320 T e e et
CountingPoints [EPSG:3763] “ layers. If fields with the

Add Directory... same name but different
types are found then the
OK exported field will be
automat converted
inko a string type field.
New fields storing the
inal layer name and
source are also added.

If any input layers contain
Z or M values, then the
output layer will alss
contain these values.
Siméarly, if any of the
input layers are mi
part, the output layer v
also be a multi-part layer.

Optionally, the destination
coordinate reference
system (CRS) for the
merged layer can be sat.
If it is not set, the CRS will

vt basae A0 lamaee will

0% Cancel

Advanced ¥  Run as Batch Process. .. Run Close Help

17




F Clipping:

Raster Database Web Mesh MMQGIS Processing Help
I3 Quickosm

Geoprocessing Tools

Geometry Tools 4

LN .
C i e n c ! a s Analysis Tools »| @ Convex Hull..
U L i S b od Research Tools » | 7 Difference...

' Dissolve...

AT

v

Data Management Tools

Intersection...
ﬂ Symmetrical Difference...

' Union...

P Eliminate Selected Polygons...

We only want AML for now (repeat for AMP, same steps).

Qclip ®
.
Parameters | Log Clip
Input layer This algerithm clips a vector
i : = yer using the features of
This means: () Buffer_all [EPSG:4326] ioyer vema the faotires o

We want all the
buffer points which
are contained in the
AML_CAOP layer
only.

Selected features anly
Overlay layer
- AML_CAOP [EPSG:3763]
Selected features only
Clipped
Craate temporary layer

v Open cutput file after running algorithm

0%
Advanced ¥  Run as Batch Process. .,

Al #+ ] % o

A B N

an additional polygon layer.
Only the parts of the
features in the Input layer
that fall within the polygons
of the Overlay layer will be
addad to the resulting layer,

The attributes of the features
are not modified, although
properties such a r
length of the features will be
modified by the clipping
aperation, If such properties
are stored as atiributes,
those attributes will have to
be manually updated.

Cancal

Run Close Help

18




F
‘ Now that we have AML and AMP only, we will calculate the areas of
the buffer in these districts.

Ciencias . .
ULisboa To calculate the buffer areas, we use our trusted field calculator in the
attribute fields (we did not do this step in class, | would advise to do so

just in case and then confirm the value with the next slide.):

widih nction lanes aneway werdths, RAIQ mdih ayer path Aten_oceup |~ P
z () guffer AML — Field Cakulatar

Vmtmanentd Updite xisting fod
oo e
s Make sure the output field type is decimal

Outpet fieid length (641 5 Precision 1

Expresson  Function Editor

Show Al Festuret

Run and now you should have a new field added to the table with the area
that the AML buffer occupies. (Do the same for AMP obviously.)




1. Use the field calculator to
sum these areas.

C
Ciencias
ULisboa Laers

o B e¥E @RI

v [ Buffer amL
W Buffer all =)
B buffer Motorway
|:| Buffer no_motorway
v | |AmL caor
[ amMP_caop
W amLonLy
D CountingPeints

View > Statistical summary

Statistics

) Buffer AML
12area v|l&
Statistic Value
Count 105826
Som 188.977 |This number should be bigger than the
Mean oo0i7es72  One seen here (which is in km2). You
Median 0001 should keep it in m2 like you did in
St dev (pop) oooazess  class for the indicator Landusage/capita
Stdev (sample) 000376561 m2/ capita.
Minimum 1]
Maximum 0.208
Range 0.208
Minority 0.064
Maiovine o

2. Lastly, using the scale highlighted
below, convert the sum of both
motorway+ motorway_links + the
remaining roads m2 land usage by the
population (for AML and AMP
respectively).

e Sou:

d Formula & Calculation method
Lum = LR+ L)
Cap f Scale
Brussels: 60.92

Lum l 1%} a 1 2 3 4 N 7 2 1]
LD, = Die it -
TR i o Trick N 2125 =25
(e r # [m2 per capia]
c >

>

20
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