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1. Summary 

1.1. Synopsis 

Comparative analysis of the vehicular traffic flow1 in Madrid, Spain, from end of 2019, 

prior to the coronavirus outbreak, throughout the state of emergency and until last day of 
phase 1 of the gradual lifting of the confinement status. 

This analysis is the result of the compilation and organization of real data collected during 
the more than three months’ lockdown in Spain, experienced by the author. 

The document includes a significant section about methodology, in which other than the 
project approach and step by step process, there’s also mention to the resources, the 

programming language utilized, as well as the software used, such as QGIS2, certainly 

one of the most important tools used in this project, namely for the geospatial analysis 
and creation of static and animated maps. 

1.2. Aim of the analysis 

This analysis is basically intended to serve as case study and, specifically for the author, 
to make use of, and display the acquired knowledge and skills during the Geomatic and 
Topographic Engineering degree. 

It may also serve as a reference for future prevision and resource planning tasks by urban 
authorities, police, health authorities and other civil services of similar cities in case of 
eventual pandemics, epidemics or other force majeure events. 

From a social perspective, it could be used by sociologists for comparative behaviors 
between countries or regions in similar circumstances. 
 

 

                                                
 
1 Traffic flow, or traffic intensity is the number of vehicles passing through a point in a period of time, usually calculated as vehicles/hour. 
2 Quantum Geographic Information System – Open source software supporting raster and vector layers, meant for analyzing and editing 

spatial information and maps. Initially developed by Gary Sherman in 2002. 
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2. Background 

2.1. Coronavirus impact 

The Corona Virus Disease (COVID-19) is a very contagious pneumonia-related, 

respiratory illness caused by the SARS-CoV-2 virus3, which has rapidly expanded around 

the globe. 

This highly contagious virus spreads between people via small droplets produced by 
when people talk, sneeze or cough. 

Breath shortness, fever, cough, and fatigue are the most common symptoms to appear, 
and it can lead to pneumonia and acute respiratory distress syndrome.  

In late December, the Chinese state-run media announced the outbreak of the 
coronavirus in Wuhan. The WHO declared this outbreak of public health emergency of 
international concern on January 30th. On March 11th, it reached the status of pandemic. 

By mid-February the virus was already spread through Europe and hit Italy. 

The severity of the pandemic caused by this virus made many world leaders to take 
measures against it, such as imposing heavy quarantines, and in the case of Spain, a 

country-wide lockdown, as was periodically informed by the WHO4. 

The lockdown caused by the pandemic had an obvious impact in the economy and social 
life of Spain and the world in general, and it’s considered as the largest global recession 
since the Great Depression. 

(International Monetary Fund - Gita Gopinath, 2020) 

In this paper the author analyzes how the vehicular traffic flow in Madrid evolved in the 
period since the outbreak in China, in late 2019, down to almost phase 2 of Madrid’s 
gradual exit of the confinement, i.e. from November 2019 till early June 2020. 

  

                                                
 
3 Severe acute respiratory syndrome coronavirus 2 
4 (World Health Organization, 2020) 
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2.2. Chronology covered in this case study 

Below chart displays the key international events from the announcement of the 
coronavirus outbreak, narrowing down to the relevant ones occurred in Spain and more 
specifically in Madrid, subject of this study. 

Table 1: Chronology 

Date  Event Source 

December 
31st 

 The CCTV5 announces a case of a pneumonia 
outbreak of unknown causes in Wuhan, China 

http://tv.cctv.com 

January 2nd 41 admitted hospital patients in Wuhan were 
confirmed to have contracted the SARS-CoV-26 

https://www.thelancet.com 

January 13th First case outside China https://www.who.int 

January 31st  First case in Spain https://elpais.com/ 

February 25th  First case in Madrid http://www.telemadrid.es 

March 7th  More than 400 cases nationwide https://www.rtve.es/noticias 

March 8th  International Woman’s day. Streets crowded in 
different Spanish major cities. 

https://elpais.com 

March 11th  The Community of Madrid’s local government imposes 
serious measures. Schools closed and tele-working 
recommended. 

https://www.worldometers.info 

March 13th  More than 5200 cases nationwide. Prime Minister 
Pedro Sanchez announces the upcoming nationwide 
State of Emergency 

https://www.worldometers.info 

https://www.elmundo.es 

 

March 14th  Declaration of state of emergency. Country wide 
lockdown. It’s only allowed to get out for basic 
necessities (buying food, medical needs…) 

https://www.boe.es 

March 21st  IFEMA7 field hospital is built https://www.euroweeklynews.com 

April 23rd  Peak of active cases: 100.106 https://www.worldometers.info 

April 28th   The lockdown starts being lifted countrywide.  
Phase 0 - Spain starts planning the gradual exit of 
lockdown 

https://www.lamoncloa.gob.es/ 

May 16th  Few airports in Spain, including the main one in 
Madrid opened for the first time since the lockdown 

https://www.lavanguardia.com 

May 18th  Less authoritative restrictions implemented in 
territories in phase 0. Also referred to as phase 0,5 

https://elpais.com 

May 25th  Madrid makes it to phase 1 – Partially available data https://www.elconfidencial.com 

June 8th  Madrid makes it to phase 2 – no traffic data available https://www.20minutos.es 

 

                                                
 
5 CCTV stands for China Central Television, the predominant state-run television network in the country. 
6 Severe Acute Respiratory Syndrome Coronavirus 2 (see section 2.1 for details) 
7 IFEMA (Institución Ferial de Madrid), one of Spain’s largest congress and trade show entities, refurbished in record time as field hospital 

during the COVID-19 state of emergency, hosted 5.500 patients on emergency days and was kept operational during 41 days. Numerous 
ambulances circulated around this area that would otherwise be completely empty of traffic. 

http://tv.cctv.com/2019/12/31/VIDE9N8qRty36PkLirFVxMW6191231.shtml
https://www.thelancet.com/journals/lancet/article/PIIS0140-6736(20)30183-5/fulltext
https://www.who.int/news-room/detail/27-04-2020-who-timeline---covid-19
https://elpais.com/sociedad/2020/01/31/actualidad/1580509404_469734.html
http://www.telemadrid.es/noticias/madrid/Confirmado-primer-caso-coronavirus-Madrid-0-2207779217--20200225111539.html
https://www.rtve.es/noticias/20200611/mapa-del-coronavirus-espana/2004681.shtml
https://elpais.com/sociedad/dia-de-la-mujer/2020-03-08/el-feminismo-exhibe-su-musculo-movilizador-pese-al-temor-al-coronavirus.html
https://www.worldometers.info/coronavirus/country/spain/
https://www.worldometers.info/coronavirus/country/spain/
https://www.elmundo.es/espana/2020/03/13/5e6b844e21efa0dd258b45a5.html
https://www.boe.es/boe/dias/2020/03/14/pdfs/BOE-A-2020-3692.pdf
https://www.euroweeklynews.com/2020/04/30/spains-ifema-covid-19-field-hospital-the-largest-in-europe-will-close-tomorrow/
https://www.worldometers.info/coronavirus/country/spain/
https://www.lamoncloa.gob.es/consejodeministros/resumenes/Paginas/2020/280420-consejo_ministros.aspx
https://www.lavanguardia.com/vida/20200516/481176198779/el-aeropuerto-y-el-puerto-de-malaga-son-desde-hoy-puntos-de-entrada-a-espana.html
https://elpais.com/sociedad/2020-05-15/madrid-y-barcelona-progresaran-solo-parcialmente-hacia-la-fase-1-de-la-desescalada.html
https://www.elconfidencial.com/espana/2020-05-25/madrid-barcelona-fase-1-47-espana-fase-2_2608728/
https://www.20minutos.es/noticia/4284857/0/cuando-se-podria-decidir-madrid-pasa-fase-3/
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2.3. Location and main information about Madrid 

Madrid is the capital city of Spain, as well as the capital of the Autonomous Community8 

that bears the same name. 

It was the most hit city in Spain by the pandemic, and therefore taken as reference for 
this case study. 

2.3.1. Geography and demographics 

Madrid is situated in the geographical center of the Iberian Peninsula and holds a 
population of 3,266,126 inhabitants, making Madrid the second most populated capital 
city in the European Union after Berlin. 

The whole Madrid Community has a total population of 6 663 394 people; however, it is 
important to mention that the surrounding provinces have a very low population density. 
As one of the major logistic hubs in South Europe, the Spanish capital has always been 
a people and traffic magnet, reason for which Madrid has the highest population density 
in the country, namely 5300 inhabitants per square kilometer.  

(Instituto Nacional de Estadística, 2020)>> 

 

Figure 1: Madrid, epicenter of roads in Spain. 

 

(Instituto Geográfico Nacional, 2016) 

                                                
 
8 Autonomous communities are the first-level political division of the territories in Spain. Similar to states in the USA or provinces in 

Canada. 
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Figure 2: Metropolitan Madrid 

 

Metropolitan Area of 

Madrid 

According to the Atlas of Madrid 
Community, the city and the 
metropolitan surrounding areas 
are segmented in irregular belts 
or rings, as displayed on the map 
at the left. 

(Comunidad de Madrid , 
2020) 

 

 

The area subject of the present 
study is the one in the darkest 
tone of red, i.e. the Municipality 
of Madrid. 

 

 

Figure 3: Madrid districts 

 

Madrid districts within the 

municipality 

These might be referred to in the 
analysis, especially if in certain 
districts there would be specific 
traffic behavior to highlight. 

 

Worth to mention, that the 
highest traffic density registered 
over the covered period from 
November 2019 to June 2020, as 
displayed on the heat maps in 
the Analysis section, is always 
within the so called “Almond”, 
comprising the districts of 
Tetuán, Chamartín (1), 
Salamanca (3), Retiro, 
Arganzuela, Centro and 
Chamberí, all of them 
surrounded by the famous M-30 
ring road. 
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2.3.2. Transport infrastructure of Madrid 

Being the capital of the country and thanks to its central location in the Iberian Peninsula, 
Madrid is the epicenter of the national network of roads and the best connected node in 
the country. Its radial highways, the main branches of the national high-speed rail system 
and the largest airport in Spain make of Madrid the largest logistics hub in the 
peninsula, which explains the high density of traffic in the city subject of this study. 

(Comunidad de Madrid, 2020)>> 

Airport 

The Adolfo Suárez Madrid-Barajas Airport, the number one airport in Spain and 5th in 
Europe in number of passengers and cargo traffic. 

In 2019 it received 417,958 airplanes and 61,703,370 passengers, many of them 
travelling to- and from- the city by car, taxi or bus (road traffic) and some by metro. 

(Aviación Civil - Fomento, 2020)>> 

Metro 

The metro of Madrid is 293 km long, making it the 9th largest metro line in the world. It 
counts with 289 stations and 13 lines. On the opposite of all other transport infrastructure 
items mentioned in this section, the metro is the only one that contributes to lessen the 
traffic flow. 

(World metro database, 2020)>> 

Road traffic to, from, around and inside the city 

The capital is in the very center of the country, a privileged position for it to be easily 
connected by road traffic with most major cities in the Iberian Peninsula, including not just 
Spain but also Portugal. The city is surrounded by rings of highways, the main one being 
the M30, which surrounds Madrid’s ten central districts. With the city expansion, some 
parts of this M30 highway have become avenues over the last decades, which has led to 
the construction of further belts, as displayed in the figure below. 

Figure 4: Madrid beltways 

 

Because of the rapid growth 
of the city in the last century, 
more highway rings had to 
be built.  

The M40, M45 and M50 are 
currently serving mainly to 
decongest traffic from the 
metropolitan area. 
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Traffic restrictions against pollution aimed to lessening the traffic flow 

The high increase of traffic in the city in the last decades made the Council of Madrid 
adopt in 2016 a set of new measures to combat the correlated increase of air pollution by 
limiting the allowed traffic within the M30 beltway. 

(Sede electrónica del Ayuntamiento de Madrid)>> 

(Herber Longás, 2020)>> 

Furthermore, in order to fight even harder against air pollution by reducing the traffic 
intensity, in 2018 Madrid’s government imposed new laws prohibiting the entrance of 
certain types of cars in the Madrid Central area. 

(Portal web del Ayuntamiento de Madrid, 2020)>> 

All above mentioned, and other restrictions were lifted during the State of Emergency in 
order to ease transportation for essential needs during the lockdown. 

(Dirección General de Tráfico, 2020)>> 

Buses – Inter-urban and metropolitan 

On January 2020 38,979,000 passengers were transported in metropolitan buses; 
40,886,000 on February. 

In March, only 17,845,000 passengers -basically workers of essential services such as 
healthcare professionals, staff from the food supply chain, etc.- used metropolitan buses 
during the quarantine. 

(Portal de datos abiertos del Ayuntamiento de Madrid, 2020)>> 

On top of which, Madrid is connected with surrounding urban areas, to- and from- which 
the inter-urban bus network transports daily over 800,000 persons. 

(Comunidad de Madrid, 2020)>> 

 

Railway – Madrid is the main node of the 2nd most extensive high speed network in 
the world, just behind China 

Madrid’s 20 train stations connecting the city with close-by, surrounding cities and villages 
as well as with far-away destinations (domestic and international). 

Train passengers getting to- and from the railway stations use road vehicles, such as 
buses, taxis or private cars, which means that round the stations there is a dense traffic 
flow. 

(Comunidad de Madrid, 2020)>> 
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2.4. Understanding the phases 

On March 11th, menaced by the impact 

of the COVID-19, a few days before the 

declaration of the state of emergency, 

Madrid’s local authorities recommended 

some preventive measures, such as 

closing schools and public administrative 

services, cancelling sport and culture 

events and advising private companies to 

shift to teleworking where possible, 

meant to avoid crowds go gather up. 

Those measures were quite seriously 

taken by many citizens and the effect is 

clearly visible on the traffic intensity 

graphics on section 5.2.1. Traffic 

evolution of day- and night traffic, from 

November 2019 to March 13th 2020. 

On March 14th the Spanish government 

declares the state of emergency and a 

strict lockdown is imposed all over the 

country, initially for two weeks. 

Due to the raising number of 

contamination and death cases, the strict 

lockdown is further extended until April 

28th. This day is the start of the gradual 

lifting of the lockdown through a plan that 

was developed by the government along 

with the health authorities during the 

preceding weeks. 

This plan, split in phases, has been 

adapted to the different communities and 

areas, depending on the impact of the 

coronavirus in each location. 

Madrid was severely hit, so it has been 

one of the places where the exit of the 

confinement has been the slowest. 

 

 

See enlarged image in the 
Annexes, section 8.2 >> 

Figure 5: Infographic of the phases to gradually lift 

the lockdown, published by europapress.es 
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The phases have been subject of several adaptations over the time, especially at the 
beginning, but were finally launched and implemented as follows: 

 Phase 0 – Preparation.  

Strict quarantine laws, however, allowing certain activities over the time. 

 Phase 1 – Start.  

Some small businesses are allowed to re-open with strict conditions 

 Phase 2 – Intermedium. 

Partial aperture of activities that were forbidden on phase 1 

 Phase 3 –  Advanced.  

All industries re-opened but must apply social distancing measures 

 New normal - No restrictions at all, but sanitary vigilance will be maintained. 

The table below displays a non-exhaustive bulleted list of the activities that were allowed 
under each of the phases, with focus on those that directly or indirectly may affect the 
city’s traffic flow. 

Table 2: Phases and permitted activities 

 Phase Non-exhaustive list of permitted activities 

Early 

lockdown9 

 Essential workers such as those working in the food supply chain, policemen or 
healthcare professionals are required to continue working 

 Buy essential goods (food, pharmaceutics...) 

 Go to hospitals and clinics 

 Help old and/or disabled people 

 Civilians and workers are permitted to use vehicles for performing said activities 

Phase 0  Walking or performing non-professional sport (such as jogging) allowed during certain 
hours (schedule was made public through all media) 

 Restaurants and other small businesses can open, with strict restrictions: 

 Only allowed to offer home delivery of food 

 Only allowed to receive people by appointment 

 Extreme hygienic conditions on the place 

Phase 0.5  Small businesses allowed to open without previous appointments and strict rules 

Phase 1  Groups of less than 10 people allowed to gather 

 Non-essential street markets allowed to open (only 25% occupation) 

 Visiting natural areas allowed 

 Travelling to other territories on phase 1 or higher allowed 

Phase 2  Curfew lifted, complete freedom to walk at any hour except for those older than 70 

 Gathering in groups of less than 15 people 

 Book rooms in hotels 

 All kinds of shops, cinemas and theatres are opened again, but still allow 25% 
occupation 

Phase 3  Curfew lifted for all people 

 Gathering in groups smaller than 20 people 

 Sport activities allowed with less than 50% spectators and avoiding physical contact 

 Restaurants and shops allow 50% visitors or seating capacity respectively 

                                                
 
9 The early lockdown is part of the preparatory time, later called phase 0. 
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3. Methodology 

Research and analysis of a case study like this one requires not only skills and data, but a clear 

path, a structure -so as to get a clear overview from which to extract conclusions- and a pragmatic 

choice of the tools to use in each step, so as to get the utmost of the available resources. 

3.1. The approach 

The first step the author has taken is to “draw” the project from start to end, differentiating 
4 big blocks of activities, namely: 

a) Research data and data obtention 

 Once the topic of the assignment was confirmed (traffic flow in the capital before 

and during the quarantine), the author investigated about available sources for 

technical and background data and chose the most reliable ones, defined the 

process and decided the software to use.  

b) Data processing  

 This is a key part of the project, as data integrity and accuracy in the way they are 

processed (including programming and coding) is determinant for the reliability of 

the result. See detailed explanation in the next sub-section.  

c) Mapping and graphing 

 Visual representation of the consolidated data, to provide the necessary 

arguments to elaborate the conclusion chapter. See detailed in the following-to-

next subsection. 

d) Analysis and reporting  

 Compilation and edition of background researched information, graphics and 

maps in a cohesively indexed document, including analytical comments in each 

section and a conclusion. The output is meant to be presented in various formats. 

3.1.1. Data processing 

Data need to be obtained, checked for accuracy and quality, and correctly arranged in 
order to be later exported to other software applications. The author’s choice for 
performing this task is Eclipse (described in the software sub-section further below). 

These were the steps were followed:  

1. Creation of a .java10 file and coding of all the functions there 

2. Coding a filter function to obtain only the data from an input file of traffic sensors that 
falls between a range of days and/or a range of hours (e.g. for studying daytime traffic 
on workdays, the filter function should identify the workdays and the daytime hours) 

 Writing a function that calculates the average daily values of each point from the 

filtered data and saves it on a new .csv11 file. This o will be used for the creation 

of animated maps. 

                                                
 
10 Text files used for being compiled by applications that read java language. 
11 .csv stands for “comma separated values”, a basic text-based format for storing data. 
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 Writing a function that calculates the overall average of each point and saves on 
a new .csv file. This file will be used for creation of static heat maps. 

3. Filtering all the values from a 24hour range from a given set of days (weekends or 
workdays). 

 Writing a function that calculates the overall daily average values of all points 
from the filtered file and saves the information in a .csv file. This will be used 
for setting-up daily evolution of traffic flow bar graphs. 

4. Filtering the values from every day at pre-set timeframes (daytime/nighttime hours). 

 Writing a function that calculates the overall hourly average values of all points 
from the filtered file and saving the information in a .csv file. This one will be 
used to set-up traffic flow evolution graphs on 24-hour periods.  

3.1.2. Mapping and graphing 

To create the graphics and maps displayed in this case study, all previously processed 
data were imported in.csv format to Excel, from which the graphs were designed.  

The steps followed for this block were: 

1. Creation a new QGIS file and importing the previously treated traffic data and 
reference data. 

2. Creation of heat maps with QGIS under specific conditions: 

a. Use the imported data from traffic sensors 

b. Radio of each point – 500m 

c. Weight field on traffic intensity 

d. Quartic kernel shape 

e. Image size of 2000X2130 pixels12 

3. Using the raster calculator to divide the values of the pixels of one raster by the ones 
of another. For example, if we want to get the comparison map of February values 
vs April values, we would get a raster of the February’s heat map vs a raster of April’s 
heat map. 

4. Creation of animated maps videos 

a. Export the heat maps of each day with the TimeManager13 plug-in 

b. Treat the images in the Blender video editor in order to make a video 

                                                
 
12 This means that the whole heat map of Madrid’s traffic sensors has a size of 2000X2138 pixels and a resolution of 10m by pixel. 
13 TimeManager is a community made plugin for QGIS that allows the user to export easily .shp data as long it has dates or time in its 

attributes. If these conditions are made, the plugin will automatically export data onto images by filtering it day by day, hour by hour, or 
unit of time by unit of time. 
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3.2. Software 

Throughout the above mentioned phases, the following tools were used: 

 Eclipse  

 

Free and open-source14 integrated development environment15 used for computer programming, 
written mostly in Java. Mainly used to develop Java applications, for this project the author also used it 
as main tool to process large chunks of traffic data representation of the consolidated data, so as to 
provide the necessary arguments to elaborate the conclusion chapter. 

                                                
 
14 Its source code is open to the public, free to use 
15 Integrated Development Environment (IDE) is a software application that contains tools for software development, such as debuggers 

and coding tools 
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 QGIS 

 

QGIS is a professional open-source GIS16 software application that supports treating and analyzing 
spatial data. It is a great alternative for expensive GIS applications such as ArcMap, and it counts with 
a global community of volunteers willing to make the software better by performing tasks such as fixing 
and reporting bugs, or coding plug-ins. All maps in this case study were created with this tool. 

 

 Microsoft Office pack 

 

 Excel, Word and PowerPoint as part of the standard pack 

 MS Visio has been used for the flowchart 

 

                                                
 
16 Geographic Information Systems 
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 Blender 

 

Crowdfunded and now free open source multiplatform, Blender includes features for modelling, digital 
composition, illumination, rendering, animation, graphic art and digital sculpturing and tri-dimensional 
graphics.  

The author has used the blender video editing tools to create the animated maps displaying the traffic 
intensity evolution across the lockdown. 
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3.3. Graphic representation of the process 

All above described steps can be resumed in this graphic, at one glace: 

Figure 6: Methodology process flowchart 
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4. Data and sources 

This section displays a summary of the data that have been compiled for this project over the 

covered time, with special focus on the data quality. 

4.1. Reference data displayed on the cartography 

These are the graphic data used in the maps for reference purposes. Not all of these 
references are subject to analysis in this work, but they can provide clues to understand 
certain traffic trends, which is the real aim of this case study. 

The reference data are: 

 Streets and beltways  

 City districts 

 Key points during the pandemic 

The author considers a pandemic key point a place that continues being visited during 
the lockdown, because serves essential needs under such circumstances; for example, 
food stores, hospitals, police stations…  

However, some of these key points can be reached by foot and therefore do not affect 
the traffic flow. Therefore, in order to not overwhelm the map with point data, only the 
items mentioned in the table below will be displayed: 

Table 3: Locations included or excluded from being displayed on the maps in this study 

Key places within the 
neighborhood (foot distance)  

 
Therefore not displayed in the 
maps 

Key places reachable by public 
transport or by car 

 
These are the ones affecting the 
traffic flow, therefore displayed in 
the maps 

Closed during the lockdown 

 

Therefore not displayed in the 
maps 

 Health centers, clinics 
and other health 
related buildings 

 Pharmacies 

 Local markets, super 
markets and grocery 
stores 

 Post offices and banks 

 Hospitals (including the 
IFEMA camp hospital) 

 Fire stations 

 Police stations 

 Train stations (essential 
workers) 

 Airports (essential 
workers) 

 

 Department stores 

 Malls 

 Hypermarkets 

All of this graphic information has been obtained by the IEM17. 

(Instituto de Estadística - IE)>> 

 

                                                
 
17 Instituto de Estadística de Madrid, Madrid – in English, Madrid Institute of Statistics 
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Figure 7: Reference map 

 

Reference map 
 

As above explained, it 
includes streets, beltways, 
districts and key locations 
reachable by road traffic. 

 

The symbology used for point 
data in this map is used in the 
rest of the maps as well. 

 

 

See enlarged Reference map 
R1 and its legend on page 
54>> 

 

4.2. Data capture through strategically geo-positioned traffic sensors 

The data used for this project were obtained from the sensors located within the 

boundaries of the M40, belonging to the Department of Traffic Technology18. 

The said traffic sensors register the number of vehicles passing through a point at any 
time or during a time period. 

Most of the used sensing systems on this project are made of induction loops19 build 

beneath the road’s pavement, allowing a precise detection of where and when, a vehicle 
passes over them. Worth to mention, that all the information detected by each sensor 
refers exclusively to that specific position, so in order to have a full picture, an accurate 
and comprehensive study of all the sensors contextualized in the city map is necessary 
to understand the evolvement of the scenario. 

(Departamento de Tecnologías del Trárico, de la Dirección General de Gestión y Vigilancia de la Circulación)>> 

 

  

                                                
 
18 In Spanish, Departamento de Tecnologías del Tráfico - This public department belongs to the Government Area of Environment and 

Mobility of Madrid (Área de Gobierno de Medioambiente y Movilidad de Madrid) 
19 Electromagnetic detection system using a moving magnet or A/C to induce electric current in a nearby wire. 
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Kind of data retrieved 

The previously mentioned Department of Traffic Technology is regularly providing traffic 
data, making these publicly available through the Madrid’s open data portal. 

For this project, the following data are used: 

 Traffic sensors’ geolocation 

 To determine the geolocation of each sensor on the maps 

 Track records from the said traffic sensors 

 To analyze the recorded traffic flow in each position 

In both cases, the source is the same: Madrid’s portal of open data, publicly accessible. 

(Portal de datos abiertos del Ayuntamiento de Madrid, 2020)>> 

4.2.1. Traffic sensors’ geolocation 

The total approximate number of traffic detectors is 4200, the geolocation of which is 
updated on monthly basis (for eventual additions, relocations or replacements of obsolete 
ones). 

The files retrieved contain the coordinates and ID of each traffic sensors –also referred to 
as detectors- in the city.  

The location file with the measurement dots contain monthly data and can be downloaded 

in .csv, Excel or .shp20. The preference for this job were the .csv files, because this format 

is perfect to be treated by coding in languages like Java, Python or C++. 

The attributes of these files are described in the following table: 

Table 4: Location data attributes (Spanish/English)21 

Field Type Description Example 

tipo_elem Text It shows if the sensor is located in an urban 
street (URB) or in a beltway road (the vast 
majority belonging to the M30) 

M30 

distrito Integer It shows the ID of the district where it belongs 19 

id Integer Unique identifier number 3937 

cod_cent Text Classifies a point according to its orientation, 
situation on the lane and kilometric point 

03FL08PM01 

nombre Text Name of the street where it is located Av. Logroño - 
Doblada-Pajarones 

utm_x Double X UTM coordinate 438338.1155 

utm_y Double Y UTM coordinate 4474409.728 

longitud Double Longitude -3.727412233 

latitud Double Latitude 40.47248361 

Geo-positioning using the ETRS89 system, UTM projection, zone 30N 

 
  

                                                
 
20 .shp or Shape files store data that contains shape and information. They are widely used in GIS applications. 
21 The table is displayed with its original contents, from the source, in Spanish, to preserve the real denomination of the fi elds, but 

descriptions are displayed in English, for the reader. 
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Wide coverage of traffic sensors 

Traffic sensors are located each on a carriageway all over the city. 

Although these may break or fail, it looks like the traffic authorities at least try to maintain 
the network of traffic sensors. As can be seen in the comparative figure below, the 
variation of the number of sensors and their position (in blue, those in the city, green for 
the beltway) is almost imperceptible. Only two spots in the maps (highlighted in the figures 
below with red-transparent circles) present a slightly difference in number of sensors.  

Figure 8: Location of traffic sensors remaining quite stable over the time 

Traffic sensors in November 2019 Traffic sensors in February 2020 

See enlarged map D1 on page 55>> 
 

See enlarged map D2 on page 56>> 

 

From the above figure, we assume that we will have a wide coverage, permanently, all 
over the city, as very few spots will be missed on the heat maps later produced. 

4.2.2. Track records 

The traffic detectors scattered in Madrid have been collecting traffic information since 

2013. The SICTRAM22 database registers and consolidates the recorded information in 

intervals of 15 minutes. Those records are published on a monthly basis (with some 
exceptions, like the weekly frequency adopted for May) and made available in .csv format 
through Madrid’s open data portal. 

  

                                                
 
22 Sistema Integral de Control de Tráfico de Madrid, in English: Madrid Integrated Traffic Control System 
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The attributes of the .csv files are represented in the following table: 

Table 5: Data attributes (Spanish/English)23 

Name Type Description Example 

Id Integer Unique identification number 3395 

fecha Date Moment when the data was taken: 
Yyyy/mm/dd hh:mm:ss  

2020/02/02 
14:30:00 

tipo_elem Text It shows if the sensor is located in an urban street (URB) or in a 
beltway road (M30) 

M30 

intensidad Integer Number of passing cars per hour on that traffic sensor 420 

ocupacion Integer Time of occupation of the sensor (displayed as a % of a 15 minute 
period) 

3 

carga Integer Number from 0 to 100 that shows how occupied the road is 18 

vmed Integer Average speed of passing vehicles 48 

error Text It shows if there was an error on a sample on a 15 minutes’ period 
>N = No errors or replacements 
>E = Some of the parameters of the received samples are not 
good enough 
>S = Completely not integrated 

N 

periodo_ 
integracion 

Integer Number of received and considered samples for the integration 
period 

5 

In this project the author focuses on the “intensidad” (intensity) values, since these are 

the ones that show the traffic flow. 

4.3. Data quality and integrity – The importance of detecting and quantifying 
impure data 

4.3.1. Impure data types 

Over the project the author has observed three types of impure data: 

 Repeated data 

 Outliers 

 Missing data 

  

                                                
 
23 The table is displayed with its original contents, from the source, in Spanish, to preserve the real denomination of the fields, but 

descriptions are displayed in English, for the reader 
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Repeated data 

 

According to the previous chart, any 

measurement done by the traffic sensors that 

has no errors or replacements has an “N” 

value. However, while browsing the data of 

the sensors, the author realized that is not the 

case. 

As we can see on the figure at the right, a 

screenshot from a downloaded .txt file, 

certain points display too many repeated 

values. 

In reality, it is very unlikely to register the 

same traffic flow, occupation and speeds for 

so many consecutive hours, even during 

night time. Therefore, this is a clear indicator 

of wrong records that need to be detected, 

quantified and evaluated for eventual mining 

(in case of need). 

 

Figure 9: Spotting 
repeated values 
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Based on the above data impurity, the author has diagrammed a chronographic series of 
maps displaying spots with such “repeted values”, to be classified as such and furthe take 
decisions to mine, or to obviate them (depending on their impact in the final result). 

Whichever the reason (broken sensors, software trouble or other), the  

Figure 10: Compilation of data quality mining maps displaying repeated absolute values by 
month 

 
November 2019 

 
December 2019 

 
January 2020 

 
February 2020 

 
March 2020 

 
April 2020 

 
May 2020 

 

Repeated values over the covered months 

This chronographic sequence of maps displays the number of 
errors by sensor. 

 
 

Highlight: the most recurring failing sensors are those in 
frequented nightlife areas. 

 

See enlarged maps Q1 to Q7 starting from page 57>> 
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Outliers 

In statistics, an outlier is a data point that differs significantly from surrounding points. 
While creating the animated maps, the author detected spots where the traffic was way 
higher than it was supposed to be.  

Figure 11: Example of an outlying point represented on a video photogram 

 

 

Missing data 

When processing the data to be imported for the creation of heat maps and graphics, the 
author spotted a few missing data from certain points all throughout the covered period. 
A really insignificant value, therefore, no corrective action is needed. 

However, it is important to highlight that since May 21st 2020 to the date of issue of 

this case study, there is a massive amount of missing data from the M30 beltway. 

Given that the M30 is the backbone of Madrid’s urban road system, it is worth to 

mention that no conclusions about the traffic flow in the M30 could be extracted from 

that date onwards. The values display on maps, graphs and video animations during 

the period from May 21st to June 7th correspond to records from urban street sensors. 

4.3.2. Decision: mining/cleaning impure data or leaving them? 

The author has calculated that in a standard month with normal economic activity and the 
authorities regularly maintaining the network of sensors, i.e. in November, the proportion 
of repeated values is of 0.85%. 

During lockdown, repairing sensors is not considered an essential activity, therefore field 
repairs and troubleshooting are performed less frequently, the network is poorly 
maintained, resulting in a higher number of errors. In this case, the calculated proportion 
of repeated values is of 4.39%. 

Furthermore, the number of outliers in the worst maintained month of April is of 27,535 
out of a sample of 4,116,105 lines of data, which gives 0.67% of outliers. 

Based on the above and on the fact, and on the non-mined results displayed on the bar 
graphic on Figure 12: Day-and night time average intensity by sensor from January 1st,  
throughout the lockdown>>, where workdays and weekend patterns are clearly 
appreciable without any alarming oddities, the author considers unnecessary the task of 
data mining or cleaning, since the objective of this project is to get a general overview of 
the traffic. A relatively small amount of impure data will not change the expected outcome 
of the project. 
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5. Analysis | Project development and results 

In this section, the results of the studies will be displayed through graphics and maps. 

5.1. Global overview 

To understand the impact of the pandemic on the traffic intensity, it is essential to start 
from a global overview covering a period from a regular month before the pandemic and 
then drill down to the situation in each of the stages. 

5.1.1. A helicopter view over the covered time 

Below daytime and night time bar graphics covering from January to the 1st week of June 
2020 (last available data by the time this project is presented) provide a very clear 
overview of the effect of the lockdown in the city traffic. 

For this comparison and considering that from May 21st onwards there are no data 
available for the M-30, only data from urban sensors have been considered, so as to be 
able to compare apple-to-apple.  

 

From stable pattern, to curve 

Note, in the figure below, that both graphs (day and night) display clear traffic flow patterns 

(highest intensity during weekdays on day time and busy weekend nights) until March 11. 

Then, after the imposition of the first preventive measures and imminent declaration of 

the state of emergency, the graphic shows a dramatic curve downwards. 

Also worth to see the immediate effect on the traffic intensity, either up or down, after 
every announcement from the Authorities (displayed in the red outlined boxes). 

Figure 12: Day-and night time average intensity by sensor from January 1st,  
throughout the lockdown 
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Lockdown trends 

While nights are stable throughout the confinement (early lockdown and phase 0), the 

curve during daytime hours tends to recover the new normal24 at fast pace. 

Worth to mention that night traffic starts growing back right after Madrid made it to phase 

1, on May 25th, almost doubling the records of the precedent lockdown week. 

 

Day by day 

To conclude this introductory section, the author recommends to watch the following 

animated heat maps in video format, purposely created for this case study. The 

animations show the daily evolution of the traffic flow from January to June 7th, during 

daytime and night time respectively. 

Figure 13. Animated heat maps published in YouTube 

  

https://www.youtube.com/watch?v=
ENcy63nquBo&t=38s>> 

 

https://www.youtube.com/watch?
v=BO0WKBLHbOs>> 

 

 

  

                                                
 
24 Spanish and international Authorities refer to « new normal » as the way to live in society with certain changes in behavior, adapting to 

the new circumstances. 

https://www.youtube.com/watch?v=ENcy63nquBo&t=38s
https://www.youtube.com/watch?v=ENcy63nquBo&t=38s
https://www.youtube.com/watch?v=BO0WKBLHbOs
https://www.youtube.com/watch?v=BO0WKBLHbOs
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5.1.2. Structured approach to the analysis of the traffic flow over the covered time 

The next sections, from 5.2 to 5.5, are identically structured, so as to be able to clearly compare 

and analyse the evolution of the traffic flow over the studied period. 

For the sake of consistency, the author decided to start way long before the pandemic reached 

Spain, placing the start point of the next section from 5.2 in November 2019, the first previous  

Each of the following subsections includes: 

a) Traffic evolution of daytime and night time traffic 

These horizontal bar graphics display an extended period in days, capturing the number 
of cars in global figures, registered by sensors in urban and belt ways on working days 
and weekends 

b) 24-hour traffic flow graphics 

These vertical bar graphics show the average traffic flow registered by sensors per hour 
on daytime and night time scenarios also working days and weekends 

c) Traffic flow heat maps 

Considering the Spanish average working hours and social habitudes25, the split 

between night and daytime has been considered as follows: 

 Daytime – 7:00 – 20:59 

 Night hours – 21:00 - 06:59 

Cartographic maps represented in thumbnails, displaying the average flow of all days 
in the covered period, thanks to which we can determine which areas are more 
frequented in the city by vehicles, in each of the phases. 

The thumbnails or miniatures are purposely displayed as miniatures, for the reader to 
appreciate the differences at one glance, but each map can be enlarged and seen at 
full-page size on the section Annexes. 

For the sake of true comparison, all maps in 
this section share the same scale, as 
displayed on the legend at the right.  

 

 

N.B. 

To be noted that on all maps’ thumbnails there are some tiny random red points, that 
should not be identified as high traffic density points, but as key locations, such as 
hospitals. 

For detailed information about these key locations, check the enlarged reference map 
R.1 on page 54>>. 

  

                                                
 
25 Spaniards usually eat, have dinner and go to sleep later than many other western societies. 
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5.2. Global evolution of the traffic intensity trend before the pandemic 

As mentioned on the above section, we need to rewind back so as to take a starting 
month. One before the pandemic and without too many public holidays: November 2019. 

5.2.1. Traffic evolution of day- and night traffic, from November 2019 to March 13th 2020 

Graphic 1: Daytime average intensity by type of road, from November 2019 to March 13th, 2020 

Urban streets Beltway 

  
N.B. On the bar graphs, each first day of every month is highlighted with a darker tonality. 

The nº of cars by hour/sensor displayed at the left of the bars for certain randomly taken days are just for 
reference, for the reader to get an idea of the intensity in busy days towards less busy ones. 
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Graphic 2: Nighttime average intensity by type of road, from November 2019 to March 13th, 2020 

Urban streets Beltway 

  
N.B. On the bar graphs, each first day of every month is highlighted with a darker tonality.  

Red color bars have purposely been highlighted to alert the reader about the abundance of low quality 
data (in this case, a large amount of repeated values) 

The daytime graphics in the previous page display a very regular pattern, where the M30 
registers approximately 4 times higher intensity than the urban streets. A very predictable 
scenario, even considering the usual deviations during standard public holidays (e.g. 
Christmas, Epiphany, etc.) and weekends. 

In contrast with the daytime intensity values, during nighttime the traffic is more intense 
on weekends, and relatively way higher during special public holidays. 
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5.2.2. 24-hour traffic flow before the pandemic – November 2019 

The following bar graphs represent the total average number of cars recorded by all traffic 
sensors in November 2020, per hour. 

Graphic 3:Monthly average 24-hour traffic flow on working days in November 2019,  
as recorded by traffic sensors 

 

Graphic 4: Monthly average 24-hour traffic flow on weekends in November 2019,  
as recorded by traffic sensors 

 

 

As we can see in both graphs, the number of vehicles per hour on urban roads vs the 
beltway is around 4 times lower. 

On workdays, vehicles mainly circulate during working hours in both, urban and beltways, 
and is relatively stable over the day hours.  

On the other hand, during weekends the traffic seems to be higher than usual during night 
hours, but way lower in the morning. 

The remarkable drop from 14:00 to 15:00 during weekends happens after Spanish lunch 
time (siesta time). 
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5.2.3. Traffic flow heat maps before the pandemic – February 2020 

February 2020 | Monthly average traffic flow intensity before the pandemic 

Below displayed thumbnails show the traffic intensity during working days and weekends. 
A typical scenario that reflects a standard month without too many public holidays. 

Figure 14: Traffic heat maps on working days and weekends in February 2020 

Map BP.1 – Feb 2020 | Working days | Daytime Map BP.2 – Feb 2020 | Working days | Night 

 
See enlarged map BP.1 on page 64>> 

 
See enlarged map BP.2 on page 65>> 

Map BP.3 – Feb 2020 | Weekends | Daytime Map BP.2 – Feb 2020 | Weekends | Night 

 
See enlarged map BP.3 on page 66>> 

 
See enlarged map BP.4 on page 67>> 

The traffic concentration areas tend to be the same in all four cases. However, traffic is 
more intense during daytime in working days, and during the night on weekends. 
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5.3. Traffic intensity in March 2020: From normal to lockdown 

5.3.1. Traffic evolution of daytime and night time traffic in March 2020 

Below graphics include traffic flow data of whole March and clearly display the drastic 
drop from the day after the declaration of the state of emergency. 

Graphic 5: Daytime average intensity by type of road on March 2020 

Urban streets Beltway 

  

Even though the sound protests of March 8th attracted a lot of people in Madrid, it seems 
that it didn’t have a significant effect on the traffic. It was a pedestrian event, so the amount 
of cars recorded that day by each sensor was similar to any other previous Sunday. 

(Manuel V. Gómez & Juan diego Quesada for El País) 

However, right after Madrid applied political measures against the COVID-19 on March 
11th, the traffic started dropping down.  

Finally, after state of emergency was implemented, things changed drastically. Since 
then, daytime traffic became over 4 times lower than usual. 
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Graphic 6: Night time average intensity by type of road on March 2020 

Urban streets Beltway 

  

Right after the quarantine started, the nighttime traffic became almost irrelevant, and the 
differences between nighttime intensity during weekends and work days are close to 
inexistent, which is quite peculiar for such a lively city as Madrid, famous for its boiling 
nightlife on Fridays and weekends. 
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5.3.2. 24-hour traffic flow from the state of emergency - March 14th to 30th 2020 

In continuation to the statements from the previous subsection, we now focus on the 
analysis of the traffic flow during the two more stringent weeks of lockdown. 

Graphic 7: Average 24-hour traffic flow on working days from March 14th to 30th, 2020,  
as recorded by traffic sensors 

 

Graphic 8: : Average 24-hour traffic flow on weekends from March 14th to 30th, 2020,  
as recorded by traffic sensors 

 

 

Knowing that it was allowed to use vehicles only for essential needs (such as buying 
groceries), and that large food hypermarkets (those reachable by car) were open during 
weekdays and Saturday morning, but not on Saturday afternoon neither on Sunday, it 
makes sense that the traffic flow is so low on weekends. 

Other permitted activities, like going to the pharmacy or helping aged people in the 
neighborhood, was only permitted in close-by areas at walking distance, therefore not 
affecting the road traffic. 
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5.3.3. Traffic flow heat maps during the early lockdown - March 2020, 15th to 30th 

Below thumbnail maps reflect the traffic flow resulting from the citizens using vehicles 
only to cover bare essential needs, such buying food or going to a hospital for an urgency, 
and the workers supplying the city with essential goods, patrolling the streets, etc. 

Figure 15: Traffic heat maps on working days and weekends during lockdown, March 2020 

Map EL.1 – Mar 15 to 30 | Early Lockdown | 
Working days | Daytime 

Map EL.2 – Mar 15 to 30 | Early Lockdown | 
Working days | Night 

 
See enlarged map on page 68>> 

 
See enlarged map on page 69>> 

Map EL.3 – Mar 15 to 30 | Early Lockdown | 
Weekends | Daytime 

Map EL.4 – Mar 15 to 30 | Early Lockdown | 
Weekends | Night 

 
See enlarged map on page Map BP.170>> 

 
See enlarged map on page 71>> 

The overall drop to 1/3rd of the standard traffic is significant.  
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5.4. From lockdown to phase 1 

This section displays the evolution of the traffic flow from April 1st to the first quarantine 
laws being lifted.  

5.4.1. Traffic evolution of daytime and night time traffic, from April 1st to May 31st 

In April, some provinces made it to phase 1, however, Madrid and Barcelona were hit 
hard by the coronavirus and had therefore an “in-between” regime implemented, also 
referred to as phase 0.5. It started on March 18th. One week later, on March 25th Madrid 
passed to phase 1. 

Graphic 9: Daytime average intensity by type of road in April and May 2020 

Urban streets Beltway 

  
Darker bars represent the transition from one phase to another. As said previously in section 4.3.1 - 
Impure data types, there is no data from the M30 since May 22nd. 

The constant, yet slow evolution of the traffic since April 1st until the declaration of phase 
1 on May 25th is a clear sign of the gradual lifting of the strict measures by the authorities. 
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Graphic 10: Night time intensity by type of road in April and May 2020 
 

Urban streets Beltway 

  
Until the declaration of phase 1, the night traffic didn’t grow at all. 

The gradual lifting of the restrictions was mainly for daily activities, but during the night, 
phases 0 and 0.5 strictly kept citizens at home. This explains why the night graphic 
remained stable at low intensity levels, over the two periods. 

Only after the start of phase 1 on May 25th we observe a slight increase. 
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5.4.2. 24-hour traffic flow in the period during lockdown - April 2020 

In continuation to the statements from the previous subsection, we now focus on the 
analysis of the traffic flow in April, the month with the longest lockdown strict conditions. 

Graphic 11: Average 24-hour traffic flow on working days in April 2020,  
as recorded by traffic sensors 

 

  

Graphic 12: : Average 24-hour traffic flow on weekends in April 2020,  
as recorded by traffic sensors 

 

 
 

As can be clearly seen, the traffic trends in April were very similar to those in March during 
the early lockdown. After the strict lockdown some restrictions were lifted and people 
could go out in the neighborhood, following a strict schedule by ages, to perform certain 
additional activities (see section 2.4- Understanding the phases>> for details). Still, the 

radius of action was in most cases that of walking distance, so no impact on road traffic. 

  



 

 

 

Alejandro Kirienko Panea, 2020 

 

Page 39 of 95 

 

5.4.3. Traffic flow heat maps during lockdown – April 2020 

Very similar to the maps in the previous section, due to the fact that the strict conditions 
from the early lockdown were extended throughout April, with some very slight 
adaptations towards the implementation of the gradual lifting of the confinement. 

Figure 16: Traffic heat maps on working days and weekends during lockdown, March 2020 

Map L.1 – April 2020 | Working days | Daytime Map L.2 – April 2020 | Working days | Night 

 
See enlarged map L.1 on page 72>> 

 
See enlarged map L.2 on page 73>> 

Map P0.3 – April 2020 | Weekends | Daytime Map P0.4 – April 2020 | Weekends | Night 

 
See enlarged map L.3 on page 74>> 

 
See enlarged map L.4 on page 75>> 

The prohibition of outdoor leisure activities (except in specific, limited hours and within 
foot distance) produce an enormous drop, especially visible on weekends and during the 
nights. 
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5.5. Towards the new normal 

While the rest of the country has been experiencing the benefit of passing to more 
advanced phases, and the consequent lifting of the strict measures, in Madrid these 
changes have been slower, in fear of the still scary number of infections and deaths. 

However, the coronavirus infections and deaths curve, broadcasted by the health 
authorities and followed by millions of Spaniards show a gradual descent, in proportion to 
which the government started adapting the phases schedule, to the point that it 
improvised an intermediate one, referred to as “phase 0.5”. 

5.5.1. Traffic evolution of daytime and night time traffic from May 11th to Jun 7th  

In this section the comparison is only between day and night time intensity in urban streets 
due to the lack of data for the M30 ring road. 

The graphic below displays records belonging to a period covering less than one month, 
however overlapping three phases: 0, 0.5 and 1. 

Graphic 13: Day-and night time average intensity in urban streets from May 11th to June 7th 2020 

Urban streets - Daytime Urban streets – Night time 

  

As commented in the equivalent graph of the previous section “From lockdown to phase 
1”, the very slow lifting of the strict measures in phase 0.5 had some impact on the daily 
activity, but remains stable during the night. 

It is only after the implementation of phase 1 that we see nightlife traffic increasing. 
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5.5.2. 24-hour traffic flow in phase 1 – June 1st to 7th, 2020 

This week is taken as reference for Madrid’s phase 1. Since there is no data available 
from the M30 sensors during this period, the focus of this section is purely on urban 
streets. 

Graphic 14: Average 24-hour traffic flow comparison between working days and the weekend of 
the first week of June 2020, as recorded by traffic sensors 

 

The results in this graph show a recovery towards 50% of the normal staus from February. 
The trend upwards is obvious, but various factors are to be considered for the curve not 
to ascend more rapidly: shopping and leisure activities, even if allowed, are still strongly 
constrained with rigid rules, many workers are in full or partial furlough and many are still 
teleworking in june, so the traffic, even if recovering, is still far from normal. 
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5.5.3. Traffic flow heat maps in phase 1 - 1st week of June 2020 

Below thumbnail maps display the traffic flow when non-essential business extend activity 
with lesser restrictions. 

Figure 17: Traffic heat maps on working days and weekends during 1st week of June 2020 

Map P1.1 – June 2020 | Working days | Daytime Map P1.2 – June 2020 | Working days | Night 

 
See enlarged map P1.1 on page 76>> 

 
See enlarged map P1.2 on page 77>> 

Map P1.3 – June 2020 | Weekends | Daytime Map P1.4 – June 2020 | Weekends | Night 

 
See enlarged map P1.3 on page 78>> 

 
See enlarged map P1.4 on page 79>> 

Many non-essential workers start resuming back to work (except those in furlough or 
teleworking) and this is visible on the daytime road traffic. 

Leisure activities during nights and weekends seem to gradually start retaking. 

Attention: M30 data not available as of this date, therefore missing on the maps!    
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5.6. Deviation and comparative maps 

In this section the author includes comparative maps that will provide a clear indication 
on the trend back to the new normal, leading to the statements to be read in the section 
“Conclusions”. 

These comparative maps will observe the relative differences between the last “normal” 
month, February, and the status of the traffic during the phases 0 and 1. 

The maps included in this section are: 

 Relative standard deviation 

 Comparative maps 

5.6.1. Relative standard deviation 

Before comparing the traffic situation during any phase to the previous normal, the author 
considers necessary to check whether the traffic before the pandemic was either chaotic 
or predictable. The more stable a scenario, the more trustworthy the comparisons. 

Therefore, in order to know the traffic flow variation in a normal month, the author 
calculated the standard deviation of the traffic intensity values of each sensor on 
workdays during daytime hours on February. This specific time period was chosen 
because the amount of data is large enough to get a precise standard deviation and most 
of the human activity is done during this time. 

 

 

Relative standard 
deviation map 

 

The following map represents 
the relative standard deviation of 
the intensity values of each point 
during February. 

 

The relative standard deviation, 
also known as coefficient of 
variation (CV) is the ratio of the 
standard deviation to the mean 
or its absolute value  

 
 

 
 

See enlarged map C.0 on 
page  80>> 
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The traffic is very stable and predictable, since almost every point only changes 10% of 
its intensity every day, therefore, all comparisons with this period of time are somehow 
precise enough. 

5.6.2. Comparative maps 

To the date of finalization of this study, data are available only up to June 7th, 2020. 
Therefore, the widest comparative period to cover the traffic flow across the pandemic 
runs from February (more than one month before the declaration of the state of 
emergency) down to the first week of June. 

To get relevant assessments, we compare two time-frames: 

 April vs February (full monthly averages by day/night workday/weekend) 

 April is a good average phase 0 period, because it’s a full month in the 
same stage and the panic of the first two weeks is over. 

 June vs February (full monthly February average against 1st week of June, by 
day/night – workday/weekend) 

 Madrid has finally reached phase 1, with numerous of the lockdown 
restrictions being lifted, like travelling to other territories, which clearly has 
a direct impact on the traffic flow. 

The colour scale used for all maps in this section is in shades of blue. 

The palest tonality shows the lowest ratio 
(i.e. the traffic intensity is less than 0.75 
times higher in February than in the targeted 
month), while the darkest tone of blue 
represents an area that had over 10 times 
more traffic before the pandemic. 
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5.6.3. April versus February 

The maps in the figure below are based on data considering full monthly averages by 
day/night, urban/beltway and workdays/weekends of the months of February and April 
respectively. 

Figure 18: Traffic intensity comparative heat maps – February vs April  

Map C.1 – Feb/Apr 2020 | Working days | Day Map C.2 – Feb/Apr 2020 | Working days | Night 

 
See enlarged map C.1  on page 81>> 

 
See enlarged map C.2 on page 82>> 

Map C.3 – Feb/Apr 2020 | Weekends | Day Map C.4– Feb/Apr 2020 | Weekends | Night 

 
See enlarged map C.3 on page 83>> 

 
See enlarged map C.4 on page 84>> 

April displays in general over 3 to 5 times less traffic than in February, reaching up to 10 
times or higher in certain usually hectic points.  
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5.6.4. June vs February 

The maps display again the full monthly February average, this time against 1st week of 
June, by day/night, urban/beltway, workdays/weekends. 

Important to mention, that the data from sensors located on the M-30 beltway are missing! 

Figure 19: Traffic intensity comparative heat maps – February vs June  

Map C.5 – Feb/Jun 2020 | Working days | Day Map C.6 – Feb/Jun 2020 | Working days | Night 

 
See enlarged map C.5  on page 85>> 

 
See enlarged map C.6 on page 86>> 

Map C.7– Feb/Jun 2020 | Weekends | Day Map C.8– Feb/Jun 2020 | Weekends | Night 

 
See enlarged map C.7 on page 87>> 

 
See enlarged map C.8 on page 88>> 

June’s light shades show that night-life is gradually coming back.  
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6. Conclusions 

This section includes two types of conclusions: those related to the hurdles found during the 

process, how the author overcame them and why he took the decision to solve or to skip eventual 

corrective actions, and those related to the analysis of the graphic and maps purposely created 

for this case study, a great deal of which has been commented above or below each of the 

concerned graphics and figures throughout this document. 

6.1. About the project execution 

As was explained in section 1.2 - Aim of the analysis, this case study is mainly intended 
for the author to make use of, and display the acquired knowledge and skills during his 
concluded Geomatic and Topographic Engineering degree. In this sense, the author’s 
feeling is that of achievement, despite the hurdles encountered, as listed below. 

Table 6: Troubleshooting table 

Section / 
stage 

Type of hurdle  
or error 

Action performed Eventual future solution 

Data  
(from sensors) 

Multiple repeated 
values in a row, 
in one sensor, in 
a given time 
frame, which may 
cause misleading 
outputs. 

Identified, quantified and 
spotted them on the 
animated heat maps. 

Such errors do not exceed 
0.5% of the total amount of 
data, therefore not 
corrected. 

For a more precise result, the 
author proposes to develop a 
function to identify the 
repetition of values 
automatically and apply to 
those point the average value 
between the preceding and 
the next reliable point. 

Data  
(from sensors) 

Outliers. 

 

Spotted them on the 
animated heat maps. 

However, the amount is so 
insignificant (see section 

4.3.2), that the author 
considered not worth to 
waste time on adapting 
them, as it would not affect 
the overall result. 

In more technically precise 
projects, it could be worth to 
develop functions to 
automatically detect each 
outlier and implement a 
corrective action, such as the 
above described. 

Data  
(from sensors) 

Massively 
missing data 
from sensors in 
the M30 road. 

Make maps without those 
missing data and duly 
inform the reader, so as to 
avoid misinterpretation. 

The same. 

Research Difficulty to find 
reliable data and 
information on 
the web. 

Rely only on official sources 
of data and well-reputed 
information sources, and 
display them on the 
bibliography. 

The same. 

Last, but not least, it is also obvious that the project could be subject of future continuation, 
as it has been closed when Madrid was still in the process of exiting the lockdown. 
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6.2. Analysis of the results 

On top of the evidences commented throughout the document, above or below each of 
the concerned graphics and figures, the author consolidates below generic conclusions. 
These are of course personal, intended to transmit the author’s perception of the results 
in the given context. 

Sociopolitical 

 Traffic flow, be it in private cars or in public transport, is, in the author’s point of view, 
one of the many indicators reflecting human habitudes and lifestyle.  

o Often as result of political, social or economic trends. 

o In force-majeur scenarios like the coronavirus crisis, imposed by top-down 

decisions of the authorities or leaders in which the concerned collectivity lives. 

 Seeing how the traffic behaved before the first preventive measures in March 11, and 
how it dramatically dropped down after the 14th, it seems that the panic for the 
coronavirus was not enough to change people’s habitudes (apart from panic-buying at 
supermarkets as if preparing for the war). Only authoritative action and the forced 
imposition to “stay home” really stopped citizens from continuing normal life. 

 Worth to note that, as reflected on the comparison maps and on the day-by-day 
animated heat maps, the traffic intensity dropped and grew at similar rates all 
around the city, and not just in specific places. Good for the authorities, as consistent 

patterns are easier to manage than chaotic ones. 

 The comparison maps in section 5.6>>, in addition to external reference data to situate 

the facts in the right chronology and context, can be helpful for local authorities to take 
strategic decisions about which areas to reinforce in eventual future similar crisis. 

Socioeconomic 

 The huge difference between the 24-hour traffic flow graphs from February and April 
weekends, as well as the intensity comparison reflected in the Comparative maps on 
page 44 >> shows that the vast majority of urban trips in Madrid during weekends is 
non-essential. This is an obvious indicator of both, the welfare society status of 
Madrid and the importance of leisure-related business (tourism, cultural activities, 
sport events, restaurants, etc.), which is suffering severe economic dropdown 
these days. 

 Likewise, the relevant difference between the February and April 24-hour graphs on 
workdays, especially on rush hours (07:00 and 08:00), gives us an idea of the 
proportion of essential activities in a welfare society. 

o E.g. knowing that during pre-quarantine rush hours the average recorded traffic 
flow by each sensor in the M30 was around 2000 vehicles per hour, and during 
the lockdown it was 800, this means an average descent of 60%, because 
the registered 40% of the traffic in the M30 is related to essential activities.  

o A similar result is obtained from the sensors in urban streets, which received 
500 vehicles per hour during workdays’ rush hours and 150 during quarantine, 
meaning a descent of 70%, since only 30% of urban road traffic is related 
to essential needs.  

o In a few words, less than half of the traffic in Madrid, i.e. approx. 40% on the 
M30 and 30% in urban streets is related to essential services. 

o The remaining 60% and 70% drop in urban and beltway traffic corresponds to 
all the non-essential workers that were forced to stay at home, some on 
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teleworking, many of them on full or partial furlough, other lost their jobs for 
good. In the case of workdays, this traffic drop is an even more dramatic 
indicator of the economic slowdown than the referred above about weekends, 
because other than leisure industries, workday traffic intensity is directly 
related to all other industrial and tertiary sectors that keep countries 
running, such as production, distribution and commercialization of non-food 

and non-pharma FMCG26, tertiary sector companies and organizations, heavy 

industries, transportation, building and construction… among other. 

Let’s hope that the economic downturn in Madrid and Spain will not be as huge 
as the descent in road traffic. 

 

Latest news 

The confinement has lessened contamination levels to its lowest. That’s at least 

positive news! 

However, it looks like that the coronavirus crisis won’t help changing the travel 

habitudes of its inhabitants. Madrid Town Hall previews an increase of 10 to 13% in 

private driving, due on one side to the imposed passengers’ capacity reduction in 

public transport (metro and bus) and on the other, to the citizens’ fear of 

contamination. 

Borja Caravante, Responsible for Environment and Mobility, intends to implement 

new measures to reduce the 2.8 million daily vehicles circulating in the city. 

                                                
 
26 Fast Moving Consumer Goods, in international trade referred to low-cost products with high sales rotation. In this text we refer to non-

food-ones FMCG, because food and pharmacological or medical products are essential. Examples of non-food and non-pharma product 
are all household products, consumer electronics, fashion, furniture, decoration, etc. 
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8. Annexes 

This section is meant to display enlarged views of certain graphics that were referred to over the 

various sections in this document. The aim of these enlarged views is for the reader to better 

appreciate the details, the legends and the informative boxes, where applicable (such as in 

cartographic maps). 

8.1. Cartography 

The maps displayed hereinafter are hyperlinked from various sections of this document 
and displayed in groups, with acronyms named after the section they belong to, as 
follows: 

 R series – Reference map 

The symbology in this map is displayed in all other maps, but only mentioned 
in this legend, so as not to overwhelm all 
other legends, that will be focused on 
their specific data. 

Hence, this symbology in maintained in 
all maps: 

 

 D series – Data 

 Q series – Data quality 

 BP series – Before Pandemic 

 During the Pandemic lockdown 

o EL series – Early days of Lockdown 

o L series – Lockdown phase 0 

o P1 series – during phase 1 

 C series – Comparative maps 

 

All maps in the following pages contain hyperlinks to the sections where each map is 
explained in detail. 

Each map is additionally submitted as detached file, in A4 .png27 format. 

  

                                                
 
27 Portable Network Graphics, one of the most frequent graphic format for files thanks to high resolution and low weight. It can store 

transparency and vector data as well. 
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Map R.1  Go to section 2.3 Location and main information about Madrid >> 
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Map D.1  Go to section Data quality and integrity>> 
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Map D.2  Go to section Data quality and integrity>> 
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Map Q.1 Go to section Data quality and integrity>> 
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Map Q.2 Go to section Data quality and integrity>> 
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Map Q.3 Go to section Data quality and integrity>> 

 

 



 

 

 

Alejandro Kirienko Panea, 2020 

 

Page 60 of 95 

 

Map Q.4 Go to section Data quality and integrity>> 
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Map Q.5 Go to section Data quality and integrity>> 
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Map Q.6 Go to section Data quality and integrity>> 

 

 



 

 

 

Alejandro Kirienko Panea, 2020 

 

Page 63 of 95 

 

Map Q.7 Go to section Data quality and integrity>> 
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Map BP.1 Go to section Traffic flow heat maps before the pandemic>> 

 

 

https://drive.google.com/file/d/1IdriGw9EvzIBeVUXgH2M6_eiteixrOyz/view?usp=sharing
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Map BP.2 Go to section Traffic flow heat maps before the pandemic>> 
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Map BP.3 Go to section Traffic flow heat maps before the pandemic>> 

 

 

 

COVID-19 | Vehicular traffic flow trends in Madrid, Spain 
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Map BP.4 Go to section Traffic flow heat maps before the pandemic>> 
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Map EL.1 Go to section Traffic intensity in March 2020: From normal to lockdown>> 
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Map EL.2 Go to section Traffic intensity in March 2020: From normal to lockdown>> 
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Map EL.3 Go to section Traffic intensity in March 2020: From normal to lockdown>> 
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Map EL.4 Go to section Traffic intensity in March 2020: From normal to lockdown>> 
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Map L.1 Go to section   

Traffic flow heat maps during lockdown – April 2020>> 
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Map L.2 Go to section   

Traffic flow heat maps during lockdown – April 2020>> 
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Map L.3 Go to section   

Traffic flow heat maps during lockdown – April 2020>> 
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Map L.4 Go to section   

Traffic flow heat maps during lockdown – April 2020>> 
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Map P1.1 Go to section  

Traffic flow heat maps in phase 1 - 1st week of June 2020>> 
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Map P1.2 Go to section  

Traffic flow heat maps in phase 1 - 1st week of June 2020>> 
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Map P1.3 Go to section  

Traffic flow heat maps in phase 1 - 1st week of June 2020>> 
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Map P1.4 Go to section  

Traffic flow heat maps in phase 1 - 1st week of June 2020>> 
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Map C.0 Go to section 5.6 - Deviation and comparative maps>> 
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Map C.1 Go to section 5.6 - Deviation and comparative maps>> 
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Map C.2 Go to section 5.6 - Deviation and comparative maps>> 
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Map C.3 Go to section 5.6 - Deviation and comparative maps>> 
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Map C.4 Go to section 5.6 - Deviation and comparative maps>> 
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Map C.5 Go to section 5.6 - Deviation and comparative maps>> 
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Map C.6 Go to section 5.6 - Deviation and comparative maps>> 
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Map C.7 Go to section 5.6 - Deviation and comparative maps>> 
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Map C.8 Go to section 5.6 - Deviation and comparative maps>> 

 

 

 



 

 

 

Alejandro Kirienko Panea, 2020 

 

Page 89 of 95 

 

8.2. Other documents 

 PowerPoint cover (screenshot) 

 Infographic poster (screenshot) 

 Animation of daytime traffic (screenshot) 

 Animation of night traffic (screenshot) 

 Infographic about the phases, as broadcasted by Europapress.es28 

 

 
 

Figure 20: Screenshot of the PowerPoint Presentation to be used during the thesis defense  

 
 
 
  

                                                
 
28 (Europapress, 2020)>> 
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Figure 21: Screenshot of the infographic poster 

 

Click to enlarge >> 

https://drive.google.com/file/d/1f5Q1vSx5s1Rl7Dx9YhQMzipVuhkAogYX/view?usp=sharing
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Figure 22: Screenshot of the animation cover of daytime traffic during the covered period  

 

Click to watch video >> 

 

Figure 23: Screenshot of the animation cover of night traffic during the covered periode  

 

Click to watch video >> 
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Infographic Go to section 2.4 - Understanding the phases>> 

Figure 24: Infographic of the phases to gradually lift  
the lockdown, published by europapress.es 
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8.3. Budget 

Below budget is based on the tariff of a freelance fresh graduate. 

Figure 25: Mock up budget 

 

  

Alejandro Kirienko Panea
Rue des croissants

Pôle d'activité d'Aix, Bât 1

13100

Aix-en-Provence

France

VAT Nº N/A

Dummy Client Company
Address line 1

Address line 2

Postcode

City

Country

VAT Nº

Registration Nº

Ref. Service description Measurement Units Price/Unit Subtotals

T@I-1 Research and data obtention hour 50 10.00 € 500.00 €

T@I-2 Data processing hour 90 10.00 € 900.00 €

T@I-3
Mapping, graphing and video 

editing
hour 80 10.00 € 800.00 €

T@I-4 Analysis and reporting, by trainee hour 70 10.00 € 700.00 €

IT-1
Project-specific software and IT 

(open source, free)
one-off one-off 0.00 € 0.00 €

2,900.00 €      

FL-1 3% 87.00 €                

2,987.00 €      

VAT 21% 627.27 €              

3,614.27 € 

Advanced payment, by acceptance 30% 1,084.28 €  

Remaining amount, upon delivery 70% 2,529.99 €  

Delivery: 45 days after acceptance

Payment terms:

By bank transfer to IBAN: XXXX XXXX XXXX XXXX 

Quotation Nº XXX-2020
Date: DD.MM.YY

Subtotal 1

Analytic case report:

"COVID-19 | Vehicular traffic flow trends in Madrid, Spain".

Fee for report provision in foreign language

Total

Grand total
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