S

ELS

Since January 2020 Elsevier has created a COVID-19 resource centre with
free information in English and Mandarin on the novel coronavirus COVID-
19. The COVID-19 resource centre is hosted on Elsevier Connect, the

company's public news and information website.

Elsevier hereby grants permission to make all its COVID-19-related
research that is available on the COVID-19 resource centre - including this
research content - immediately available in PubMed Central and other
publicly funded repositories, such as the WHO COVID database with rights
for unrestricted research re-use and analyses in any form or by any means
with acknowledgement of the original source. These permissions are
granted for free by Elsevier for as long as the COVID-19 resource centre

remains active.



Science of the Total Environment 750 (2021) 141424

Science of the Total Environment

journal homepage: www.elsevier.com/locate/scitotenv

Contents lists available at ScienceDirect

Science o«
Total Environment

DatAC: A visual analytics platform to explore climate and air quality L))

indicators associated with the COVID-19 pandemic in Spain

Jordi Martorell-Marugan

Check for
updates

, Juan Antonio Villatoro-Garcia®!, Adrian Garcia-Moreno?,

Ratil Lépez-Dominguez ?, Francisco Requena ¢, Juan Julian Merelo ¢, Marina Lacasafia "¢, Juan de Dios Luna®,
Juan J. Diaz-Mochén 4, Jose A. Lorente ?, Pedro Carmona-Saez *™*

2 GENYO, Centre for Genomics and Oncological Research: Pfizer/University of Granada/Andalusian Regional Government, PTS Granada, 18016 Granada, Spain

b Atrys Health S.A., Barcelona, Spain

¢ Imagine Institute of Genetic Diseases, INSERM, 75015 Paris, France
4 Department of Computer Architecture and Technology, Universidad de Granada, 18071 Granada, Spain
€ Andalusian School of Public Health (EASP), 18011 Granada, Spain

f Ciber de Epidemiologia y Salud Piiblica (CIBERESP), Spain

& Instituto de Investigacién Biosanitaria ibs. GRANADA, Granada, Spain
' Department of Statistics, University of Granada, 18071 Granada, Spain

HIGHLIGHTS

GRAPHICAL ABSTRACT

ments.

DatAC integrates spatio-temporal data
of weather, air quality and COVID-19.
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after lockdown, while O3 levels rose.
The lockdown impact on rural air qual-
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The coronavirus disease 2019 (COVID-19) pandemic has caused an unprecedented global health crisis, with sev-
eral countries imposing lockdowns to control the coronavirus spread. Important research efforts are focused on
evaluating the association of environmental factors with the survival and spread of the virus and different works
have been published, with contradictory results in some cases. Data with spatial and temporal information is a
key factor to get reliable results and, although there are some data repositories for monitoring the disease both
globally and locally, an application that integrates and aggregates data from meteorological and air quality vari-
ables with COVID-19 information has not been described so far to the best of our knowledge.

Here, we present DatAC (Data Against COVID-19), a data fusion project with an interactive web frontend that in-
tegrates COVID-19 and environmental data in Spain. DatAC is provided with powerful data analysis and statistical
capabilities that allow users to explore and analyze individual trends and associations among the provided data.

Abbreviations: CFR, case fatality rate; CO, carbon monoxide; CRR, case recovery rate; COVID-19, Coronavirus disease 2019; FDR, false discovery rate; ICU, intensive care unit; NO,,
nitrogen dioxide; O3, ozone; PCR, polymerase chain reaction; PM, 5, particulate matter 2.5 pm or less in diameter; PM;, particulate matter 10 pm or less in diameter; SARS-CoV-2,
severe acute respiratory syndrome coronavirus 2; SD, standard deviation; SO,, sulfur dioxide; VOC, volatile organic compound.
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RStudio Shiny framework
Spatio-temporal analysis

Using the application, we have evaluated the impact of the Spanish lockdown on the air quality, observing that
NO,, CO, PM, 5, PM1o and SO, levels decreased drastically in the entire territory, while O3 levels increased. We ob-

served similar trends in urban and rural areas, although the impact has been more important in the former. More-
over, the application allowed us to analyze correlations among climate factors, such as ambient temperature, and
the incidence of COVID-19 in Spain. Our results indicate that temperature is not the driving factor and without
effective control actions, outbreaks will appear and warm weather will not substantially limit the growth of
the pandemic. DatAC is available at https://covid19.genyo.es.

© 2020 Elsevier B.V. All rights reserved.

1. Introduction

In December 2019, Coronavirus disease 2019 (COVID-19) caused by
severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) was de-
scribed in Wuhan, China (Guan et al., 2020). The spread of the disease
has presented an extreme challenge to the international community
and different countries have implemented different strategies depend-
ing on social, economic and political factors. Coronavirus infection
spreads in clusters and some of the oldest and most effective contain-
ment measures such as social distancing, quarantine and isolation
have been adopted to control the disease outbreak. In Spain, the Gov-
ernment declared the state of alarm and strict lockdown on March
14th, 2020. This lockdown was even stricter during the period March
30th to April 8th, when non-essential activities were totally prohibited.
Between April 9th and May 3rd, the initial lockdown conditions were
restored. Since May 4th, lockdown restrictions had been relaxed asym-
metrically depending on the pandemic indicators of each region. On
June 21st, the alarm finished along with the majority of the restrictions
in most of the country.

Early detection of new cases and the identification of factors associ-
ated with the spread of SARS-CoV-2 are important aspects to control the
pandemic. In this context, a research focus is on studying the role that
environment factors play in the propagation of the disease. Previous
studies have reported significant associations among air quality and
meteorological variables and the amount or severity of new cases. In
fact, Dr. Coccia reported the poor air quality in the North of Italy as
one of the factors for the quick diffusion of SARS-CoV-2 in this region
(Coccia, 2020). Furthermore, particulate matter 2.5 um or less in diam-
eter (PM,5), particulate matter 10 pm or less in diameter (PMy), sulfur
dioxide (SO-), nitrogen dioxide (NO;), carbon monoxide (CO) or ozone
(03) have been also associated with COVID-19 incidence (Bashir et al.,
2020b; Fronza et al., 2020; Jiang et al., 2020; Ogen, 2020; Zhu et al.,
2020), but it remains unclear if these correlations are actually related
to causation (Ricco et al.,, 2020). Regarding weather conditions, there
are several studies that have been published during recent months
reporting negative correlation between temperature and COVID-19
cases (see for example Luo et al., 2020; Pequeno et al., 2020; Wang
et al.,, 2020), humidity and death counts (Ma et al., 2020) or rainfall
and new daily cases (Menebo, 2020). A recent study followed almost
7000 hospitalized patients from Europe and China and reported that
the increase in ambient temperature is linked to less severe symptoms
(Kifer et al., 2020).

However, most of these studies are still preliminary and they are fo-
cused on specific regions. There are also some contradictory findings
(e.g. a study of 122 Chinese cities reported that temperature was posi-
tively correlated with cases (Xie and Zhu, 2020)), and the analyses are
based on a short period of time, which generally covers the first peak
of cases. More data is needed to derive more conclusive results and to
elucidate the actual impact of ambient factors on COVID-19 pandemic.

A more robust evidence supports that lockdowns imposed by the
governments in order to fight the SARS-CoV-2 spreading resulted in
an improvement of air quality in major urban areas like Barcelona
(Tobias et al., 2020), Sdo Paulo (Nakada and Urban, 2020) or Northern
China (Bao and Zhang, 2020), where SO,, PM; s, PMq, NO,, and CO air
concentration dropped. On the contrary, Os levels have increased

significantly in these regions. This rise has been observed also in other
Southern European cities (Rome, Valencia, Turin and Nice) as well as
Wuhan (Sicard et al.,, 2020). Such phenomenon can be explained by a
combination of factors, such as the higher volatile organic compounds
(VOCs)-NOy ratio, the reduction of Os titration due to the drop of NOy
or the reduction of PM; 5 and PM; (Sicard et al., 2020).

In this work we have processed and curated data from COVID-19
cases, meteorological and air quality data in Spain since January 1st,
2020. We have implemented a web-based software, named DatAC
(Data Against COVID-19), that integrates all these data and provides
spatial-temporal aggregation of all these sources of information.
The application includes visual analytics capabilities that allow
users to explore temporal and regional evolution of variables as
well as an easy interactive exploration of data relationships and as-
sociations. Using this application, we have analyzed the impact of
the lockdown in Spain on the air quality in urban, suburban and
rural areas. In addition, we have evaluated the relationship between
meteorological variables and COVID-19 incidence in the entire
Spanish territory.

We are confident that DatAC would be very useful to assess how all
these variables are interacting and the actual impact of environmental
factors on COVID-19 spread. DatAC has a free license and it is available
at https://covid19.genyo.es.

2. Methods
2.1. Data collection

Daily COVID-19 total cases and cases diagnosed with polymerase
chain reaction (PCR) from the autonomous communities and provinces
have been obtained from the Ministry of Health of Spain (MISAN, 2020).
Dates of these data refer to the onset of symptoms.

The number of daily deaths, cumulative hospitalized patients, cu-
mulative patients translated to intensive care units (ICUs) and cu-
mulative recovered patients from the autonomous communities
were obtained from Datadista repository (Datadista, 2020). For
provinces data, we obtained these variables from the Andalusian In-
stitute of Statistic and Cartography (IECA, 2020) for the Andalusian
provinces and from Escovidi9data repository (Escovid19data,
2020) for the rest of the provinces.

Climatological information was downloaded from the Spanish
State Meteorological Agency (AEMET, 2020). The daily data for
each of the monitoring stations in Spain was downloaded. These
data were processed to obtain the average daily temperature, rain-
fall, wind speed and hours of solar radiation for each province and
community.

Air quality data from the different Andalusian monitoring stations
were obtained from the Andalusian Office of Agriculture, Livestock,
Fisheries and Sustainable Development (Junta de Andalucia, 2020).
The air quality data from the rest of the Spanish monitoring stations
were downloaded from the European Air Quality Portal (European Envi-
ronment Agency, 2020). All this information was processed to obtain
the daily mean concentrations of NO,, CO, PM, 5, PM;, SO, and Os for
each province. Furthermore, this information was stratified according
to three types of monitoring stations: urban, suburban and rural.
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Finally, population information was obtained from the Municipal
Register compiled by the Spanish Statistics Institute, updated on January
1st, 2020 (INE, 2020).

2.2. Metrics, data aggregation and statistical analysis

The collected information was processed to calculate other variables
and carry out different analyses. Specifically, when daily data was avail-
able, cumulative data was calculated by making a cumulative sum of the
data from the previous days. In the same way, if cumulative information
was available, it was used to obtain daily data by subtracting the value of
the previous day from the value of the reference day. Cumulative mor-
tality rates and cumulative incidence rates were calculated for each
day dividing the number of cumulative cases or cumulative deaths by
the total population of the territory. Case fatality rates (CFRs) have
been also calculated in order to assess the lethality of the disease over
time, dividing the number of deaths by cases. However, this approach
has been criticized due to the possible bias produced by the rapid ex-
pansion of the number of infected by COVID-19 (Baud et al., 2020;
Spychalski et al., 2020). To take this potential bias into account we
have also obtained case recovery rates (CRRs), which are calculated as
the division of the cumulative recovered patients by cumulative cases.
Furthermore, a 7-days and 14-days cumulative incidence was calculated
as well as the percentage of daily increase of cases. Finally, 3-days, 7-
days and 14-days rolling averages were obtained for daily variables in
order to improve the observation of the trends. These rolling averages
are calculated as the average of the value of a day and the previous n-
1 days.

All the analyses described in this manuscript were performed using
the DatAC data and analytical functionalities. For correlation analysis we
chose the Spearman coefficient because there may not be a linear rela-
tionship between the analyzed variables. In order to take into account
the lockdown effect on the COVID-19 incidence, partial correlation
was applied (Ahmadi et al., 2020) correcting by the number of lock-
down days. We used the 7-day rolling average for climatic variables
and a 7-day lag for the number of lockdown days, because the time be-
tween the infection and the appearance of the first symptoms is usually
5-6 days (up to 14 days) (Lauer et al., 2020; Xie and Zhu, 2020). Corre-
lation P-values were adjusted to correct for multiple testing with false
discovery rate (FDR) method (Benjamini and Hochberg, 1995).

2.3. DatAC tool for easy data exploration and interactive analysis

DatAC has been developed with the RStudio Shiny framework. Inter-
nally, the application uses R packages to perform all the plots and calcu-
lations. Leaflet package (Cheng et al., 2019) is used to generate the
interactive map. Interactive plots are generated with plotly package
(Sievert, 2020). Partial correlations are calculated with ppcor package
(Kim, 2015). The tool runs on a dedicated server with Ubuntu 18.04 op-
erating system, 16 processors and 32 Gb of RAM memory. The source
code as well as all the data contained in the application is available
with a free license through GENyO Bioinformatics Unit GitHub reposi-
tory (https://github.com/GENyO-Biolnformatics/DatAC).

We collected and curated data since January 1st, 2020 and it is being
updated daily with the new data reported by the different sources. As
epidemiological data we collected total and PCR+ cases, deaths, recov-
ered patients, hospitalized patients and patients transferred to ICU, all of
them as cumulative and daily data. In addition, we calculated the inci-
dence and deaths rates, the percentage of recovered and deaths, the cu-
mulative incidence rate per 100,000 habitants in 14 and 7 days and the
percentage increase in the number of daily positive cases. Regarding
meteorological data, we collected daily data for temperature, rainfall,
wind speed and solar radiation. For air quality data, we included daily
measures for NO,, CO, PM; s, PM;, SO, and O3 pollutants. There are
different levels of geographical aggregation, including autonomous

communities and provinces. Environmental data is also available for
urban, suburban and rural monitoring stations.

The application is structured in three main modules, including a
Map, Trend analysis and Time trends panels. The Map panel aggregates
and visualizes data with spatial information (Fig. 1A). Different vari-
ables can be selected and the map and visualization panel are updated
dynamically to show and generate reactive plots (Fig. 1A and B). More
advanced analyses can be performed in the Trend analysis tab, where
different models (polynomial models and correlation with adjustable
parameters) can be applied to study the relationship between two var-
iables (Fig. 1C). A lag between the two variables can be applied in order
to explore potential relationships between variables with some time
difference. Finally, the temporal trends of the different variables can
be represented at the Time trends page, comparing two variables for
all the desired regions (Fig. 1D).

In the following sections we cover the results from analyses carried
out with the application to explore the evolution of contaminants during
the lockdown and the effect of environment variables on the COVID-19
cases.

3. Results

The data and visual analytics capabilities included in DatAC can be
very useful to explore trends and associations among climate and air
quality variables and COVID-19 indicators, with a layer of spatio-
temporal information. In this work we have used the tool to analyze
the air quality evolution during the lockdown as well as the potential as-
sociation of climatic factors with COVID-19 data. In the following sec-
tions we provide a detailed analysis of the obtained results.

3.1. Air quality improved after lockdown in urban and suburban
environments

Taking the different phases of the COVID-19 pandemic in Spain (see
Introduction section) into account, we analyzed the pollutants levels in
3 periods: prior to lockdown (January 23rd to March 13th, 50 days),
strict lockdown (March 14th to May 3rd, 50 days) and relaxed lock-
down (May 4th to June 20th, 47 days).

We analyzed all the Spanish territory except Ceuta and Melilla au-
tonomous cities, where no official air quality monitoring stations are
installed. We also excluded the Canary Islands from the analysis because
we detected some outlier values, likely because of measuring errors. The
results for the rest of the autonomous communities in urban environ-
ments are compiled in Supplementary Table 1. Average values for
Spain are shown in Table 1 and Fig. 2. As expected, all the analyzed pol-
lutants except O3 dropped significantly during the strict lockdown, spe-
cially NO, and PM . O3 levels rose more than 50% in this same period.
During the relaxed lockdown, NO, and PM;q levels increased com-
pared to the strict lockdown period, but the levels of all pollutants
except Oz are still significantly lower than prior to lockdown. Inter-
estingly, CO, SO, and PM; 5 levels continued to fall moderately in
spite of the relaxation of the lockdown measures, while O5 continued
to rise. The trends for suburban environments are similar (Supple-
mentary Tables 2 and 3).

3.2. Lockdown had a significantly lower impact on air quality in rural areas

We analyzed the pollutants trends in Spain in rural monitoring sta-
tions (see Table 2 for a summary and Supplementary Table 4 for the
complete results). As can be observed, the trends for strict and relaxed
lockdowns periods are similar to those observed in urban stations, but
the variations between periods are smaller in rural environments. The
major differences are found in NO, (—62.39% and —38.16% variation
between strict lockdown and prior to lockdown in urban and rural sta-
tions respectively) and in Os (+50.09% and +15.58% variation between
strict lockdown and prior to lockdown in urban and rural stations
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Fig. 1. DatAC sample outputs, including: A) Map with the COVID-19 cases confirmed by PCR test
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the temperature with the red line. C) Correlation plot between NO, and O; concentrations for Malaga province from January 1st to May 28th, 2020. D) Longitudinal plot representing hos-
pitalized patients (solid lines) and NO, concentration (semi continuous lines) for all the Andalusian provinces from January 1st to May 24th, 2020.

respectively). Many differences can be found in the variations between
relaxed and strict lockdowns: CO, SO, and PM, 5 levels dropped in both
urban and rural environments, but in rural stations the differences are
greater. On the other hand, both PM;¢ and Os levels have risen during

Table 1

the relaxed lockdown but more in urban areas than in rural stations. Re-
garding NO, we observed a difference in the trend: it raised 10.86% in
urban stations during the relaxed lockdown but dropped 4.34% in
rural stations. All these trends can be observed in Fig. 2.

Average air pollutants levels in urban environments of Spain during the 3 periods and the variation between periods.

Pollutant Prior to Strict Relaxed Difference between strict Difference between relaxed Difference between relaxed
lockdown lockdown lockdown lockdown and prior to lockdown  lockdown and prior to lockdown  lockdown and strict lockdown
mean (SD) mean (SD) mean (SD) (% change) (% change) (% change)

NO, (ug/m3) 23.8 (5.67) 8.95 (2.4) 9.93 (2.55) —14.85 (—62.39%) —13.88 (—58.31%) 0.97 (10.86%)

CO (mg/m?) 0.33 (0.04) 0.26 (0.02) 0.23 (0.01) —0.08 (—22.88%) —0.1 (—30%) —0.02 (—9.24%)

PM,s (ug/m3)  12.06 (4.13) 8.48 (2.47) 8.05 (2.16) —3.58 (—29.67%) —4.01 (—33.24%) —0.43 (—5.09%)

PMyo (ug/m3) 249 (1091) 1514 (3.93) 1633 (3.12)  —9.75 (—39.18%) —8.57 (—34.41%) 1.19 (7.84%)

SO, (ug/m?) 3.72 (0.36) 3.15 (0.24) 2.97 (0.23) —0.57 (—15.38%) —0.75 (—20.04%) —0.17 (—5.51%)

05 (ug/m3) 4022 (1097) 6037 (6.87) 62.88(5.73)  20.15 (50.09%) 22.66 (56.33%) 2.51 (4.16%)
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Fig. 2. Average pollutants levels in Spain across time during the three periods of the COVID-19 pandemic. Green, red and blue backgrounds represent prior to lockdown, strict lockdown

and relaxed lockdown periods respectively.

3.3. Analysis of the association among climatic variables and COVID-19
incidence

There are previous studies that associate temperature, solar radia-
tion, wind speed or rainfall with COVID-19 cases or deaths in different
regions (Bashir et al., 2020a; Guasp et al., 2020; Kifer et al., 2020; Liu
et al., 2020; Luo et al., 2020; Pequeno et al., 2020; Rosario et al., 2020;
Tosepu et al., 2020; Wang et al., 2020). However, generally there are
contradictory and/or inconclusive findings. We calculated the Spear-
man correlation among temperature, solar radiation, wind speed, rain-
fall and daily cases (Supplementary Table 5). These correlations were
analyzed in all the Spanish communities during the period from
March 7th to June 20th (end of the state of alarm in Spain). As can be
observed, correlations among wind speed and rainfall with cases are
very heterogeneous and non-significant for most of the Spanish com-
munities, indicating that these variables were not correlated with the
COVID-19 incidence in Spain. On the other hand, temperature and

Table 2

solar radiation are negatively correlated with cases and these correla-
tions are significant for the majority of communities.

However, considering that a strict lockdown was imposed at the be-
ginning of the analyzed period, it is expected that social distancing mea-
sures were the actual factor causing the decrease in cases. Therefore,
when we calculated partial correlations between temperature, solar ra-
diation and daily detected COVID-19 cases controlling the influence of
the lockdown (Table 3), correlation coefficients were low and non-
significant for most of the communities.

In order to check if lockdown was linked to the decrease in daily
cases regardless of temperature and solar radiation, we calculated the
correlation between lockdown days and daily cases controlling for the
effect of these two variables (Table 3). As can be observed, days of lock-
down were very negatively correlated with the daily cases and these
correlations are significant for the entire territory. These results indicate
that although temperature and solar radiation may have a role in
COVID-19 incidence, they are not the main factors and long-term data

Average air pollutants levels in rural environments of Spain during the 3 periods and the variation between periods.

Difference between relaxed
lockdown and strict lockdown

Difference between relaxed
lockdown and prior to lockdown

(% change)

(% change)

Pollutant Prior to Strict Relaxed Difference between strict
lockdown lockdown lockdown lockdown and prior to lockdown
mean (SD) mean (SD) mean (SD) (% change)

NO; (pg/m?) 5.26 (1.26) 3.25(0.63) 3.11 (0.43) —2.01 (—38.16%)

CO (mg/m?) 0.31 (0.02) 0.28 (0.04) 0.23 (0.02) —0.03 (—9.8%)

PM, 5 (pg/m?) 8.35 (3.64) 7.47 (2.27) 6.34 (1.65) —0.88 (—10.57%)

PM,o (ug/m?) 17.46 (12.95) 12.66 (4.34) 13.49 (3.43) —4.8 (—27.49%)

SO, (pg/m?) 2.01 (0.22) 1.86 (0.16) 1.72 (0.14) —0.15 (—7.34%)

03 (ug/m?) 58.86 (9.47) 68.02 (7.01) 70.15 (7.55) 9.17 (15.58%)

—2.15 (—40.84%)
—0.08 (—25.22%)
—2 (—24.01%)
—3.96 (—22.69%)
—029 (—14.63%)
11.3 (19.2%)

—0.14 (—4.34%)
—0.05 (—17.09%)
—1.12 (—15.04%)
0.84 (6.61%)
—0.15 (—7.86%)
2.13 (3.13%)
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Partial correlations among temperature, solar radiation, lockdown days and daily cases during the period March 7th to June 20th for the Spanish autonomous communities. Lockdown
correlation was corrected for both temperature and solar radiation variables.

Temperature vs. cases controlling

Solar radiation vs. cases controlling

Lockdown vs. cases controlling

Lockdown vs. cases controlling solar

lockdown lockdown temperature radiation
Autonomous community Spearman P-value FDR Spearman P-value FDR Spearman P-value  FDR Spearman P-value  FDR

partial partial partial partial

correlation correlation correlation correlation
Andalucia —0.2321 0.0172 0.0544 —0.1791 0.0675 0.1603 —0.7216 <0.0001 <0.0001 —0.8404 <0.0001 <0.0001
Aragén —0.2520 0.0095 0.0452 —0.3455 0.0003 0.0058 —0.5837 <0.0001 <0.0001 —0.7800 <0.0001 <0.0001
Canarias 0.0527 05934 0.6392 —0.3269 0.0007 0.0063 —0.6385 <0.0001 <0.0001 —0.8253 <0.0001 <0.0001
Cantabria —0.3078 0.0014 0.0133 —0.0314 0.7508 0.7925 —0.5224 <0.0001 <0.0001 —0.8168 <0.0001 <0.0001
Castilla-La Mancha —0.1262 0.1996 0.2917 —0.0852 0.3875 0.5663 —0.6711 <0.0001 <0.0001 —0.8179 <0.0001 <0.0001
Castilla y Le6n —0.1144 02452 02953 —0.2217 0.0231 0.0864 —0.6499 <0.0001 <0.0001 —0.8335 <0.0001 <0.0001
Catalufia —0.2055 0.0355 0.0963 —0.2155 0.0273 0.0864 —0.5500 <0.0001 <0.0001 —0.8194 <0.0001 <0.0001
Ciudad de Ceuta —0.1210 02188 0.2953 —0.1558 0.1125 02376 —0.279 0.0039  0.0039 —0.3638 0.0001  0.0001
Ciudad de Melilla —0.0463 0.6392 0.6392 0.1251 0.2034 03513 —0.4719 <0.0001 <0.0001 —0.7144 <0.0001 <0.0001
Comunidad de Madrid —0.1541 0.1166 02215 —0.0763 04393 05961 —0.7518 <0.0001 <0.0001 —0.8489 <0.0001 <0.0001
Comunidad Foral de Navarra —0.1814 0.064 0.1351 0.0086 0.9303 0.9303 —0.7700 <0.0001 <0.0001 —0.8994 <0.0001 <0.0001
Comunitat Valenciana —0.1426 0.1468 0.2340 —0.1810 0.0646 0.1603 —0.6896 <0.0001 <0.0001 —0.8349 <0.0001 <0.0001
Extremadura —0.1422 0.1478 02340 —0.2907 0.0026 0.0166 —0.6078 <0.0001 <0.0001 —0.7672 <0.0001 <0.0001
Galicia —0.2387 0.0142 0.0539 —0.0338 0.7320 0.7925 —0.6863 <0.0001 <0.0001 —0.8915 <0.0001 <0.0001
Illes Balears —0.2579 0.0079 0.0452 —0.2755 0.0044 0.0211 —0.3692 0.0001  0.0001 —0.6951 <0.0001 <0.0001
La Rioja —0.3769 0.0001 0.0014 —0.1110 02597 04111 —0.6312 <0.0001 <0.0001 —0.8897 <0.0001 <0.0001
Pais Vasco —0.1883 0.0544 0.1291 —0.1500 0.1268 0.2408 —0.8306 <0.0001 <0.0001 —0.9161 <0.0001 <0.0001
Principado de Asturias —0.0488 0.6209 0.6392 —0.0489 0.6202 0.7364 —0.8376 <0.0001 <0.0001 —0.9202 <0.0001 <0.0001
Regi6n de Murcia —0.1136 0.2487 02953 —0.0608 0.5380 0.6815 —0.5420 <0.0001 <0.0001 —0.7492 <0.0001 <0.0001

is required in order to have conclusive results. The evolution of the pan-
demic during this year will be very important to really understand cli-
matic factors that can be important for the spread, incidence and
severity of the virus.

4. Discussion and conclusions

During COVID-19 pandemic, real-time data availability and accurate
quality data repositories are essential in order to get insights into the
possible effect of different factors in the SARS-CoV-2 spread and disease
incidence. This might help to assess government decisions, for early
temporal and geographic detection of new focuses of infection or to
make predictions about the evolution of the pandemic.

In this context, large efforts have been made to develop software
tools to collect COVID-19 global pandemic data, like the dashboard de-
veloped by the John Hopkins University (Dong et al., 2020) or
HealthMap (Xu et al,, 2020). Nevertheless, to the best of our knowledge,
DatAC is the first application that integrates epidemiological data with
meteorological and air quality information. Although the first release
of the application is based on Spain, we have made the code publicly
available so it can be adapted for other regions.

Using the data and analyses implemented in DatAC we evaluated the
impact of the lockdown measures in Spain on the air quality in urban and
rural environments. NO,, CO, PM, 5, PM;o and SO, declined after lock-
down in all the Spanish territory, especially in urban environments.
This observation is coherent with previous local studies in Spain and
other countries (Bao and Zhang, 2020; Nakada and Urban, 2020; Tobias
et al., 2020). NO, is the pollutant with the major reduction in both
urban and rural areas. This is expected due to outdoor NO, main source
is traffic (JARC Working Group on the Evaluation of Carcinogenic Risk to
Humans, 2016), which was very limited during lockdown. For the other
pollutants, although the decrease is also significant, other natural and an-
thropogenic sources may be maintaining certain emissions even during
lockdown. For instance, SO, anthropogenic emissions main sources are
industry and power sectors (IARC Working Group on the Evaluation of
Carcinogenic Risk to Humans, 2016). On the other hand, O3 is the only
analyzed pollutant with higher concentration during lockdown. This
was also observed in other regions (Sicard et al., 2020) and can be ex-
plained by the reduction of NOy, PM; 5 and PM;q and by a higher VOCs-
NOy ratio (Sicard et al., 2020). Interestingly, CO, PM, s and SO, levels

have continued decreasing in Spain after relaxation of the lockdown con-
straints. CO and PM, 5 are produced in the incomplete combustion of
carbon-containing fuels (Cheng et al., 2017; Elbayoumi et al., 2014).
High temperatures facilitate the complete combustion of fuels, so the ef-
fect of the rising temperatures during the relaxed lockdown (which
started in May) may be influencing more than the traffic back during
this period (Rozante et al., 2017). In addition, usage of heating sources
like stoves, fires, etc., which are another important source of CO and
PM, s, drops with warm weather, reducing even more the concentration
of these pollutants when temperature rises. Regarding SO, its main
source is the coal combustion in electrical power plants (MITECO,
2020; Schreifels et al., 2012), given that the main gaseous residue pro-
duced by coal burning is SO, (Miller, 2017). During the relaxed lock-
down the production of electricity from this source dropped 11%
(REData, 2020), so we hypothesize that the reduction of the main
SO, production source is the cause of the SO, concentration decrease
during this period.

We also used DatAC to explore the relationship between meteoro-
logical variables and the amount of daily COVID-19 cases, finding
heterogeneous and non-significant correlation for wind speed and rain-
fall, but large and significant negative correlation for temperature and
solar radiation in almost all Spanish communities. After correcting
these correlations for the lockdown effect on the pandemic, these are
basically lost. On the contrary, we found that correlation between
lockdown and cases is substantial and statistically significant after
correcting for temperature and solar radiation effects. These results in-
dicate that lockdown, and not temperature nor solar radiation, was
the driving factor of the COVID-19 pandemic evolution in Spain. This
is in agreement with previous studies which reported no correlation be-
tween temperature and cases in Spain (Briz-Red6n and Serrano-Aroca,
2020).

More data and longer records are required to derive more conclusive
results. DatAC will be also a very valuable resource in this context, as the
application will be updated periodically and it will contain the historical
registry since the appearance of the pandemic. We are sure that DatAC
will be very useful for monitoring possible future outbreaks, as well as
trends in air quality data and weather. In addition, the inclusion of
more data in the next months will provide more reliable results about
evolution of environmental factors and their impact on the spread of
the disease, by means of using the analytic functionalities provided
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within the application or downloading the data that it is also publicly
available to use with third party software.
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