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1 Movement data

The inter-province flow matrices include the number of individuals that move from

province to province in Spain for several days of October 2017, figure S1. The data

also includes the main mode of transport used by those individuals, as well as other

characteristics such as the period of the day when the travel started. In our case,

we have collected the matrices from the last two weeks of October and averaged

and symmetrized them.
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Figure S1 Average flow matrices in the last two weeks of October 2017.

In particular, the matrices were built using mobile phone data coming from 16

million users as part of a pilot project of the Ministry of Development. The objective

of the project was to evaluate the potential of such data sources. The outcome was

considered successful, since the correlation between the movement predicted by this

data and the real data that the Ministry has available (such as the number of

passengers traveling by plane or train) is highly correlated. As a consequence, the

National Institute of Statistics announced in late 2019 that they will follow this

methodology in a larger study in which all the spanish communication companies

will participate [1]. For a deeper discussion on the characteristics of these matrices

we refer the reader to the original source (in Spanish) [2].

2 Geographic and Demographic data

The upper level of administrative division in Spain is denominated Comunidad

Autónoma. There are 15 of such “autonomous communities” in mainland Spain,

one in the islands of the mediterranean sea (Balearic Islands) and one for the is-

lands in the Atlantic Ocean (Canary Islands). Besides, there are two autonomous

cities (ciudades autónomas) in the north of Africa, Ceuta and Melilla. The next

administrative division is the province (provincia). There are 47 provinces in main-

land Spain, 1 in the Balearic Islands and 2 in the Canary Islands, plus the two

autonomous cities making up the 52 subpopulations considered in our model. The

number of inhabitants of each province varies a lot, from over 5 millions in Madrid

and Barcelona to less than 100,000 individuals in Ceuta and Melilla. We collected



Aleta and Moreno Page 3 of 14

the number of inhabitants of each province from the data provided by the Spanish

Statistical Office [3].

There are 45 airports in Spain (including the heliports in Algeciras and Ceuta),

although the majority of them only have connections to other Spanish or European

airports. As with the provinces, the traffic in these airports varies widely, from over

50 million passengers in Madrid and Barcelona to less than 2,000 in Albacete and

Huesca. The information regarding Spanish airports is provided by the Spanish air

navigation manager (AENA) [4].

3 Chronology of the disease in Spain from late January to the

declaration of the state of alarm on the 14th of March

In the following we present a brief chronology of the events relevant to our discussion

leading to the declaration of the state of alarm on the 14th of March [5, 6].

- 31st of January: first case detected and isolated in the Canary Islands.

- 9th of February: second case detected and isolated in the Balearic Islands.

- 25th of February: first confirmed cases in the peninsula. The total number of

confirmed cases in Spain was 5.

- 3th of March: first confirmed death due to COVID-19. The patient died on

the 13th of February but the cause was identified after a necropsy of the body

[7]. The total number of confirmed cases was 190.

- 6th of March: more than 60 cases in the provinces of La Rioja (La Rioja) and

Álava (Páıs Vasco) were confirmed and linked to a funeral that took place

in Álava between the 23rd and 24th of February, to which a couple that had

recently been in Italy assisted [8, 9].

- 7-8th of March: during the weekend, the authorities do not report any infor-

mation related to the evolution of the COVID-19 outbreak on their website,

although they did it on Twitter and in a press conference [10]. The total

number of confirmed cases on the 6th of March was 376.

- 9th of March: the number of confirmed cases rises up to 1001. Almost 70%

of them were shared between Madrid, La Rioja and Páıs Vasco. Madrid on

its own accounted for 50% of the cases and declares the closure of all schools

and universities. The same measure is applied in Álava, which was further
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extended to the rest of the region (Páıs Vasco) on the 12th of March. La

Rioja announces the same measure one day later [11, 12, 13].

- 10th of March: direct flights between Italy and Spain are suspended [14]. The

total number of confirmed cases was 1622.

- 11th of March: the WHO declares the outbreak a global pandemic [15]. The

closure of universities and some university residences leads to the return of

hundreds of students to their home regions [16]. The total number of confirmed

cases was 2128.

- 12th of March: the president announces some economic measures aimed to

minimize the effect of the epidemic [17]. All the regions in Spain declare the

closure of schools and universities, although it is applied at different dates

[18]. The total number of confirmed cases was 2950.

- 13th of March: Madrid and Pais Vasco enforce further closures. The president

of the goverment announces that the cabinet council will declare the state of

alarm on the 14th [19]. The total number of confirmed cases was 4209.

- 14th of March: the cabinet council declares the state of alarm and sets the

country on lockdown [20]. The total number of confirmed cases was 5753.

4 Data collection in Spain

The current burden of the disease in Spain, as well as in several other countries,

is unknown. Estimates from China and Iceland show that 90% of the actual cases

go unnoticed [21, 22]. As such, fitting models to the current number reported by

the authorities is not a valid approach, unless this huge amount of undetected cases

is taken into account somehow. Furthermore, in the particular case of Spain the

early data collection has been noisy. For instance, on the 6th of March (Friday) the

situation in Spain was considered under control, something that changed completely

on the 9th of March (Monday). Yet, the Ministry of Health did not update the

number of cases in their website during the weekend (even though they gave a press

conference and released the data on Twitter) [10]. In the following, we address some

of the issues that can be found in the current estimates and that probably will not

be solved in the near future. In the future, forensic data analyses will be key to

understand the real spreading of the outbreak in Spain.
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Figure S2 Median and interquartile range of the number of days elapsed between symptom onset

and hospitalization (triangles) and reporting to the authorities (circles).

One example of the many unknowns in the current data is the huge delay that

exists between symptom onset, detection, reporting to the regions and the final

report to the central authorities. In figure S2, we show the estimated number of days

elapsed between symptom onset and hospitalization and between symptom onset

and reporting the case to the central authorities, as estimated by the Ministry of

Health (which can be found in the bulletins they publish every few days [6]). Initially,

the time elapsed between the symptoms onset and the report to the authorities was

estimated to be around 2 days, implying that the numbers actually seen by the

authorities had a delay of at least 2 days, which added to the long period that

passes between the infection and the symptom onset (over 5 days) implies that the

infections took place almost 7 days before. However, recently, the estimated time

from symptom onset to report has been increased to 15 days. This implies that

many cases that are currently being added correspond to infections that actually

took place several days before. In other words, the numbers provided today by the

government are, at least, a consequence of infections occurring more than 20 days

ago.

Furthermore, each region collects its data and then reports it to the central govern-

ment. However, not all regions follow the same methodology. For instance, initially

the region of Madrid reported the cumulative number of cases, hospitalization, etc.,
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while Castilla y León and Páıs Vasco reported the current number [23]. Even more,

the government asks each region to report their numbers by 9pm and releases the

data on the next day at 11.30. However, some regions sometimes report their num-

bers after 9pm - both to the government and publicly - and the Ministry of Health

does not include them correctly on the next day. This not only distorts the official

data, but also introduces a lot of noise since each region also publishes their data

on their own [24]. On the 17th of April, the government has issued a new order

through the Official State Gazette to homogenize the way data is collected all over

Spain, specially those related to deaths [25].

There are a lot of issues with the current estimates of the number of deaths

due to COVID-19. As of 17th of April, Calatuña has modified the way they count

the deceased due to coronavirus and, as a consequence, the central government

has decided to not include their new numbers [26]. The Daily Mortality Monitoring

System (MoMo) has found that the excess mortality since early March is much larger

even if the COVID-19 cases are taken into account, signaling that many deaths due

to COVID-19 are not being currently accounted for [27]. Some estimates increase

the actual number of deaths by 50% [28, 29]. On the 13th of April the Supreme

Court of the region of Castilla y León ordered the authorities of the region to include

also the deceased that are suspected to have died due to the COVID-19, even if they

were not tested [30].

Lastly, the number of total tests performed is not public, although some regions

publish their numbers every day, showing that the testing capacities in the country

have been steadily increasing during this outbreak. In press conferences, the data

released by the Ministry of Health ranges from 15,000 to 20,000 daily tests in the

whole country [31], numbers that - it is claimed - have increased now to over 40,000

daily tests on the 17th of April [32]. This, of course, has a major impact on the

actual number of infected individuals in the population. We report the number of

total cases until the end of March provided by RTVE (the national state-owned

public-service radio and television broadcaster in Spain) in figure S3 [5]. Note that

the fact that the Ministry did not update the cases on the 7th and 8th of March can

still be observed, even though the Ministry has already fixed that on their website

[33].
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Figure S3 Total number of confirmed cases in each region from early February to late March.

Information extracted from [5].
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Figure S4 Relationship between the hitting time in a simulation of SIR dynamics in our

metapopulation and the theoretical one for different number of seeds and three values of the

generation time Tg (in days).

5 Effective distances for epidemic spreading

To ensure that the hitting time is able to predict correctly the spreading in our

metapopulation, we first implement an SIR model and study the effect of using

a different number of seeds, figure S4. Regardless on the number of seeds, the

correlation between the obtained values and the theoretical ones is really excellent.

However, the actual value depends on the number of initial seeds. Thus, without

any modification this measure can help us determine the arrival order, i.e., to which

provinces the disease should arrive first, but not the precise time. Nonetheless,

depending on the number of seeds, a small correction could be applied.
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Figure S5 Days needed to reach 50 infectious individuals in each region after said number is

reached in Madrid. In panel A, the simulation is seeded with one infectious individual in Madrid.

In panel B, the simulation is seeded with three infectious individuals, one in Madrid, one in Álava

and one in La Rioja.

6 Robustness of the results

As it is not clear yet what are the final disease parameters that affect the predictions

about the spreading of the coronavirus, we here provide quantitative evidence that

the results reported in the main text still hold for other values. As a summary,

increasing R0 or adding pre-symptomatic infectivity accelerates the spreading of

the disease. On the other hand, larger generation times facilitate the control of the

epidemic.

In figure S5 we show the comparison between the progression of the disease in our

model and in the data for different seed choices. Clearly, incorporating the informa-

tion related to the unusual event that took place in Álava and La Rioja improves

the power of the model. Still, quantitatively the results of the model suggest a much

slower spreading than the real one. In figure S6 we show the effect of adding pre-

symptomatic spreading. To do so, we reduce the incubation period from 5.2 days to

3.0 days. Clearly, spreading is highly accelerated and much more compatible with

the actual numbers. As such, pre-symptomatic spreading has probably been one of

the key elements in this outbreak. We further explore the role of pre-symptomatic

infectiousness in figure S7. Once again, we observe that the particularities of the

Spanish transportation network accelerate the spreading if the infection starts in

Madrid.
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Figure S6 Effects in the early spreading of the introduction of pre-symptomatic infections,

R0 = 3.0 and TE = 3.0 days. Panel A: hitting time when the disease starts in Madrid. Panel B:

correlation between the speed of the spatial spreading of the disease in the model and the real

data (the model is seeded as in the main text, i.e. 1 seed in La Rioja, 1 seed in Ávila and 5 seeds

in Madrid).

In figures S8, S9 and S10 show results obtained for Tg = 7.5 days, Tg = 10

days and Tg = 12.5 days, R0 = 2.5 and TE = 5.2 days. As it can be seen, the

conclusions of the manuscript hold, and in most of the cases, also quantitatively in

terms of relative variation with respect to the scenario in which no measures are

implemented. Similarly, in figures S11, S12 and S13 we report the same analysis

using higher values of R0 and lower values of TE , mimicking the introduction of

pre-symptomatic infectiousness.
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España Durante Ocho D́ıas). (in Spanish, accessed February 2020).

https://elpais.com/economia/2019/10/28/actualidad/1572295148_688318.html

2. Studying interprovince mobility of passengers using Big Data. Technical report, Ministry of Development of

Spain (2019). https://observatoriotransporte.mitma.gob.es/estudio-experimental

3. Spanish Statistical Office. (accessed February 2020). https://www.ine.es/

4. Spanish Air Navigation Manager, AENA. (accessed February 2020). http://www.aena.es

5. The Map of Coronavirus in Spain (El Mapa del Coronavirus en España). (in Spanish, accessed April 2020).

https://www.rtve.es/noticias/20200417/mapa-del-coronavirus-espana/2004681.shtml

6. Bulletins Released by the Spanish Ministry of Health. (in Spanish, accessed April 2020).

https://www.isciii.es/QueHacemos/Servicios/VigilanciaSaludPublicaRENAVE/

EnfermedadesTransmisibles/Paginas/InformesCOVID-19.aspxl

7. Valencia Registers the First Death of a Patient with Coronarivus in Spain (Valencia Registra la Primera Muerte

de Un Paciente Con Coronavirus en España). (in Spanish, accessed April 2020).

https://elpais.com/economia/2019/10/28/actualidad/1572295148_688318.html
https://observatoriotransporte.mitma.gob.es/estudio-experimental
https://www.ine.es/
http://www.aena.es
https://www.rtve.es/noticias/20200417/mapa-del-coronavirus-espana/2004681.shtml
https://www.isciii.es/QueHacemos/Servicios/VigilanciaSaludPublicaRENAVE/EnfermedadesTransmisibles/Paginas/InformesCOVID-19.aspxl
https://www.isciii.es/QueHacemos/Servicios/VigilanciaSaludPublicaRENAVE/EnfermedadesTransmisibles/Paginas/InformesCOVID-19.aspxl


Aleta and Moreno Page 10 of 14

Seed in Madrid

1

4

20

90

403

1808

C
um

ulative cases

30 days

1
4
20
90
403
1808
8103
36316
162755

C
um

ulative cases

50 days

Seed in Barcelona

1

4

20

90

403

1808

C
um

ulative cases

30 days

1
4
20
90
403
1808
8103
36316
162755

C
um

ulative cases

50 days

Figure S7 Spatial spreading of the outbreak if it is seeded with 1 infectious individual in Madrid

(top row) or Barcelona (bottom row) with pre-symptomatic infections (R0 = 3.0 and TE = 3.0

days)

https://www.abc.es/espana/comunidad-valenciana/

abci-hombre-habia-contagiado-coronavirus-murio-13-febrero-valencia-202003032010_noticia.

html

8. Chronology of the Coronavirus Epidemic in Spain in Only One Month and a Half (Cronoloǵıa de la Epidemia de
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and 9th of March (El Gobierno No Paró de Contabilizar Los Afectados Ni Fallecidos Por Coronavirus Entre el 6

Y el 9 de Marzo). (in Spanish, accessed April 2020). https:

//www.newtral.es/bulo-gobierno-cifras-afectados-fallecidos-coronavirus-8-marzo/20200327/

11. La Rioja Freezes Educational Activity, from Kindergarden to University, for 15 Days (La Rioja Paraliza la
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Figure S8 Sensitivity analysis with respect to the value of Tg . The figure shows the results

displayed in Figure 6A and 6B but including Tg = 10 days and Tg = 12.5 days. R0 = 2.5.
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Figure S10 Sensitivity analysis with respect to the value of Tg . The figure shows the results

displayed in Figure 6E and 6F but including Tg = 10 days and Tg = 12.5 days. R0 = 2.5.
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Figure S11 Sensitivity analysis with respect to the value of R0 and the introduction of

pre-symptomatic infectiousness. The figure shows the results displayed in Figure 6A and 6B but

including R0 = 2.5 and TE = 3.0 days (circles), R0 = 2.5 and TE = 5.2 days (triangles),

R0 = 3.0 and TE = 3.0 days (squares) and R0 = 3.0 and TE = 5.2 days (crosses). In all cases

TI = 2.3 days.
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Figure S12 Sensitivity analysis with respect to the value of R0 and the introduction of

pre-symptomatic infectiousness. The figure shows the results displayed in Figure 6C and 6D but

including R0 = 2.5 and TE = 3.0 days (circles), R0 = 3.0 and TE = 3.0 days (triangles),

R0 = 2.5 and TE = 5.2 days (squares) and R0 = 3.0 and TE = 5.2 days (crosses).
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Figure S13 Sensitivity analysis with respect to the value of R0 and the introduction of

pre-symptomatic infectiousness. The figure shows the results displayed in Figure 6E and 6F but

including R0 = 2.5 and TE = 3.0 days (circles), R0 = 3.0 and TE = 3.0 days (triangles),

R0 = 2.5 and TE = 5.2 days (squares) and R0 = 3.0 and TE = 5.2 days (crosses).
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