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Abstract

The COVID-19 pandemic is having an enormous negative impact on human health, with more
than 4.44 million deaths worldwide; on the economy, with an unprecedented deep and abrupt
crisis; and on society, with millions of people facing unemployment and dependent, in the best-
case scenario, on public welfare or social aid systems. Home confinement, measures to limit non-

essential economic activity and travel restrictions in many countries during the spring of 2020 led
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to rapid air quality improvements in cities. A detailed analysis of Barcelona’s daily immissions of
seven pollutants (CO, SO, NO, NO,, NOy, PM1o and O3s) shows a clear decrease from mid-
March to June, with the peak in April and the nitrogen oxides. For these pollutants the reduction
of traffic density is very likely the main cause of their immissions decrease. On another note, the
global reduction of COy emissions derived from the use of fossil fuels was estimated at
approximately 8 % in 2020, which, despite constituting an unprecedented drop, will have little
impact on concentrations of CO2 and other greenhouse gases in the atmosphere. The current
situation must be seen as an opportunity to push, without delay, for a drastic change in the
energy and economy models towards a socio-environmental paradigm based on sustainability,

economic efficiency and solidarity between peoples.

Key words: climate change; pollutant immissions; greenhouse gasses; nitrogen oxides.

Resumen

La pandemia de la COVID-19 estéd teniendo un enorme impacto negativo en la salud humana,
con més de 4,44 millones de muertos en todo el mundo; en la economia, con una profunda y
abrupta crisis sin precedentes; y en la sociedad, con millones de personas en situacién de
desempleo y dependientes, en el mejor de los casos, de los sistemas de asistencia social o de
bienestar publico. El confinamiento domiciliario, las medidas para limitar la actividad econdmica
no esencial y las restricciones de los viajes en muchos pafses durante la primavera de 2020
llevaron a mejoras répidas en la calidad del aire de las ciudades. Un andlisis detallado de las
inmisiones diarias de Barcelona de siete contaminantes (CO, SO2, NO, NO,, NO,, PM1o y O3)
muestra una clara disminucién desde mediados de marzo hasta junio, con el pico en abril y en
los 6xidos de nitrégeno. Para estos contaminantes, la reduccién de la densidad del tréfico es
muy probablemente la principal causa de la disminucién de sus inmisiones. Por ofro lado, la
reduccién global de las emisiones de CO2 derivadas del uso de combustibles fésiles se estimé
en aproximadamente un 8 % en 2020, lo que, a pesar de constituir una caida sin precedentes,
tendrd poco impacto en las concentraciones de CO, y de ofros gases de efecto invernadero en
la atmdsfera. La situacién actual debe ser vista como una oportunidad para impulsar, sin demora,
un cambio drastico en los modelos energético y econdmico hacia un paradigma socioambiental

basado en la sostenibilidad, la eficiencia econémica vy la solidaridad entre los pueblos.

Palabras clave: cambio climéatico; inmisiones contaminantes; gases de efecto invernadero;

4xidos de nitrégeno.
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1 Introduction. Research questions

The COVID-19 pandemic has highlighted the complexity of the world in which we live. It is a
complexity that goes beyond the number of humans on the planet (currently more than 7.5
billion), although, pending a debate on Earth’s carrying capacity, population size almost certainly
complicates the issue. Today’s world is undeniably changing and uncertain (Martin Vide, 2012).
Changing, because it is hurtling at an accelerated pace through a succession of political,
economic, social and environmental events and upheavals that come so fast we are left with no
time to steer them in the right direction or reflect on them calmly. Uncertain, because the
changes are unpredictable and surprising, especially when our analysis is superficial or partial.
Only disciplines capable of taking comprehensive, crosscutting approaches, such as

Geography, can fully address the complexity of today’s world and glimpse the changes to come.

Today, this complexity can manifest itself on any scale, be it global or local. From our home, a
planet of only 40,000 km in circumference affected by inequity, injustice, the unsustainable
consumption of its resources and the generation of an enormous volume of waste; to our towns
and cities with their daily issues around coexistence, the management of public services,
segregation, public health, etc. All are problems known to geographical science, which is in a
unique position to undertake a comprehensive analysis of both global problems, and those that

affect us on a more local level to advance the search for solutions.

There is a general consensus (conspiracy and denialist theories notwithstanding), that, of all the
problems facing the world today, climate change is one of the most substantive and challenging
to solve, although, paradoxically, its diagnosis and remedy are known. By 2009, thirty-one
authors, including a Nobel laureate, had already pointed to this fact in the reference article
“Planetary boundaries: exploring the safe operating space for humanity in Ecology and Society”
(Rockstrom et al., 2009), when they put climate change at the top of the list of environmental
problems with associated limits for the planet; limits that, if exceeded, would have severe or

irreversible repercussions.

It should be noted that the climate change we are witnessing today is more than a mere
environmental problem. It is a problem caused by the prevailing capitalist economic model,
particularly the fossil-fuel-based energy model, but it is also a social problem related to equity,

social justice, and even health, as was published in The Lancet in 2009 (Costello et al., 2009).

Some say, with good judgement, that the great postCOVID-19 pandemic will be climate change.
That while it is now half silent, muffled by the tragedy of those affected and lost to SARS-CoV-2,
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obliterated by the fear of contagion, by the images of medical personnel tested to their very limits
and by so many other images we could never have imagined just a year ago, it will re.emerge in
all its gravity. And even though humanity has far from defeated the current pandemic, two
questions need our urgent attention: given the stoppages and closure of many activities and
companies, especially during the lockdowns, has COVID-19 impacted global warming by
reducing greenhouse gas emissions? In a marked counterpoint to the metaphorical darkness of
the moment, has the air quality in our cities really improved, as the images of smog-free skies

and good visibility during the strictest confinements would seem to suggest?

2 Objectives and methodological procedures

The primary objective of this article is to advance our understanding of the impact of the
COVID-19 pandemic on global warming and air quality in cities. Broken down, the specific
objectives are: 1) reflect on the “double” pandemic, COVID-19 and climate change, from a
geographical perspective; and 2) evaluate the impact of the first state of alert (March-june 2020)
on urban air quality in the city of Barcelona. Additionally, in light of available assessments, the
likely impact of the COVID-19 lockdown on global CO2 emissions and other greenhouse gases in
2020 is debated.

The methodological procedures used were as follows: 1) a review and comparison of prospective
studies on global CO2 emissions in 2020 and 2) a statistical and temporal analysis of the values
of various air pollutants in the city of Barcelona during the first six months of 2020. For the latter,
the analysis was based on hourly measurements of seven air pollutants taken from four
environmental control stations in the city and complemented by monthly meteorological analyses

for the first half of 2019 and 2020.

3 Air quality in Barcelona during the COVID-19 lockdown in the first half
of 2020

3.1 Data and procedures

Two types of data were used: air pollution measurements and meteorological reports. The former
came from the stations that form part of the Government of Catalonia’s Air Pollution Monitoring
and Forecasting Network (Xarxa de Vigilancia i Previsié de la Contaminacié Atmosférica - XVPCA)
which analyses the broadest range of pollutants in the city of Barcelona: Eixample, Gracia-Sant
Gervasi, Parc Vall d’Hebron and Palau Reial. The meteorological data was provided by Spain’s

State Meteorological Agency (AEMET) and the Catalan Meteorological Service (METEOCAT).
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For the XVPCA network, the data on immissions (concentrations in a specific place and time)
were downloaded from Barcelona City Council’s Open Data BCN website and the Open Data
website managed by the Government of Catalonia. The data was obtained in CSV format and

processed with Excel.

Using the hourly data for each pollutant and station, we calculated the daily average, thus
converting, in each case, the 24 hourly values per day to one daily averaged value. This action
was repeated for every day between 1 January and 21 June, for both 2019 and 2020. The only
operational difference between the two years is that as 2020 was a leap year, it has one
additional value on 29 February. We calculated 341 operations or daily average values for each
pollutant and monitoring station, which, in total, gave us almost 10,000 daily values for the seven

pollutants and four measuring stations.

To account for the influence of environmental factors on the air pollution measurements, we also
considered the meteorological conditions at the time of the immissions. To do this, we used
AEMET’s “monthly climatological summaries” for Catalonia during the months of the study, as

well as METEOCAT’S “monthly bulletins” and climate mapping for rainfall accumulation.

Additionally, data from two traffic counting points in the vicinity of the Eixample pollutant
measurement station have been taken into account. The source of these data is the City Council

opendata.’
3.2 Details of the XVPCA stations used

Barcelona has eight surface pollutant measuring stations heterogeneously distributed around the
city, from the Poblenou station, at 3 m above sea level, to the Fabra Observatory, at 415 m above
sea level. There are two types of station: urban traffic stations and urban background stations. The
former measure the levels of immissions related to road ftraffic, and the latter, the levels of
pollutants in the city once mixed and not affected by nearby emissions sources. Depending on
their location, the stations are classified as urban, suburban or rural. Barcelona has seven urban

stations and one sub-urban station at the Fabra Observatory in the Collserola coastal range.

For the purposes of this study, we used the measurements recorded by the four stations that

analyse the highest number of pollutants (Figure 1):

1 Available at hitps: / /opendata-ajuntament.barcelona.cat/data /ca/dataset /aforaments-
descriptiu/resource /4f8a5bc4-ddéd-4a0a-bfad-6ae9ce952884
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e The Eixample urban traffic station, located at Avinguda de Roma junction with Carrer Comte
d’Urgell, UTM coordinates (m) 41.385315, 2.1537998, altitude 26 m above sea level. In
operation since the first day of 1984. It measures NO,, CO, O3, SOz, PM1p, NO and NOx
immissions.

e The Gracia-Sant Gervasi urban traffic station, located in the Plaga de Gal-la Placidia, UTM
coordinates (m) 41.398724, 2.1533988, altitude 57 m above sea level. In operation since
November 1997. It measures NO»,, CO, O3, SO3, PM1g, NO and NOyx immissions.

e The Parc Vall d’Hebron urban traffic station is located on Avinguda de Marti de Codolar, UTM
coordinates (m) 41.42611, 2.1480017, altitude 136 m above sea level. In operation since 4
November 1997. It measures NO», CO, O3, SO2, PM19, NO and NOyx immissions.

e The Palou Reial urban background station is located at Carrer de Jordi Girona junction with
Carrer Tinent Coronel Valenzuela, UTM coordinates (m) 41.38749, 2.1151996, altitude 81 m
above sea level. In operation since the first day of 2011. It measures NO2, CO, O3, SOy,
PM1o, NO and NOy immissions.

Figure 1. Partial orthophoto of Barcelona showing

the location of the four XVCPA stations used in the study
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Source: authors” own elaboration based on an orthophoto OF-25C 2019
from the Cartographic and Geological Institute of Catalonia (ICGC)
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3.3 Meteorological influences on pollutant immissions in the first half of 2020

compared to 2019

To properly assess the pollutant immissions, we analysed Barcelona’s meteorological conditions
during the first state of alert due to COVID-19 and compared them to data for the same period in
2019. Specifically, we considered the data on rainfall, atmospheric pressure and wind speed. It
is entirely plausible to expect that the drastic reduction in mobility and the stoppage of industrial
activity during the state of alert would have influenced the level of polluting emissions. However,
we must also remember that atmospheric conditions directly impact immissions, to the extent that

they can either increase their concentration or favour their dispersion.

To build up a picture of the conditions during the period of study (the first state of alert) and the
corresponding period in 2019, we referred to the 2019 and 2020 “monthly climatological
summaries” for March, April, May and June. The summaries were sourced from the Territorial
Delegation of the State Meteorological Agency (AEMET) in Catalonia, and the Catalan
Meteorological Service (METEOCAT).

March 2019 was warm and dry with light winds. High-pressure dominated on most days. Of the
four rainfall episodes that occurred in Catalonia during the month, none affected the city of
Barcelona. The tofal rainfall recorded in Barcelona was minimal, between 0.1 mm and 0.7 mm.
March 2020 was also warm, but, unlike March 2019, it was humid and windy. Days 2, 17 and 31
stand out with average wind speeds of 30, 45 and 34 km/h, respectively. Furthermore, three
episodes of rainfall affected the Barcelonés region’s coastal areas, the most significant of which
occurred on 23 March, when about 20 mm was recorded in Barcelona. Total rainfall for the

month was 60 mm.

April 2019 in Catalonia was typical in terms of temperatures and rainfall. However, the
precipitation was unevenly distributed, and very little fell in the city of Barcelona. Even so, the
Catfalan capital saw rain on several days; daily values were between 3 and 7 mm with
accumulation of around 20 mm, except at the Fabra Observatory, which recorded double that
amount. With regard to wind, between days 18 and 21 and coinciding with a decrease in
atmospheric pressure, the stations recorded average daily wind speeds above 40 km/h. April
2020, on the other hand, was the wettest April on record in the region after 1942, 1969 and
1946. Barcelona airport and the Fabra Observatory recorded maximums that exceeded all their
historical series measurements, with monthly totals surpassing 263 and 250 mm, respectively. On

13 April 2020, there were widespread showers on the coast with values above 50 mm. Between
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days 18 and 21 of the same month, many towns near Barcelona also broke the maximum daily
records in their historical series. The city of Barcelona recorded considerable daily rainfall
measurements of between 75 and 80 mm. The episode of low pressure produced daily average

wind speeds of approximately 30 km/h.

May 2019 was humid, with three notable rainfall episodes in Barcelona accumulating monthly
totals of between 70 and 110 mm. The first of the three episodes took place at the beginning of
the month, with daily rainfall in excess of 20 mm. The second took place in the third week. It
lasted three days and coincided with the minimum monthly atmospheric pressure values. Between
these two episodes and linked to the decrease in atmospheric pressure, the windiest days were
recorded, with average speeds of close to 30 km/h. The last of the three rainfall episodes
occurred at the end of the month. It was similar to the second but shorter in duration. By contrast,
May 2020 was a particularly warm month. In fact, AEMET confirmed it as the warmest May since
1940 and METEOCAT said it surpassed May 2015, the warmest May on record for decades. The
rainfall in this month was unevenly distributed across Catalonia. In Barcelona, the heaviest rainfall
occurred between days 10 and 16 when a persistent low pressure contributed 20 mm of

precipitation and average daily wind speed records of approximately 20 km/h.

June 2019 was hot and dry throughout the region. Rain was only recorded in the city on one day
(day 11), with measurements between 18 and 25 mm. Wind strength was moderate, registering
average daily speeds of between 10 and 18 km/h. June 2020, on the other hand, was, in
general, a cool month in Catalonia. According to AEMET, it was the third coldest in 20 years
after June 2013 and 2010. However, the low thermal values were tempered in the city of
Barcelona and in some coastal areas. As for rainfall, Barcelona accumulated 44 mm over nine
days. The wind speed values were similar to those of the previous month and during the same
period of 2019. The daily average values recorded on the June days affected by the state of alert
were between 10 and 20 km/h.

3.4 Results
a) Analysis of carbon monoxide (CO) immissions, January-June 2019 and 2020

In both 2019 and 2020, and at all four air pollution control stations, the carbon monoxide (CO)
immissions recorded in January and February were higher than those recorded from March to
June. The first two months of the year also saw the most extensive range of values. Both these
wide ranges and the highest values were recorded at the Eixample and Gracia-Sant Gervasi

stations (Figure 2), with maximums close to 1.5 mg,/m">. By confrast, the immissions recorded at
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Parc Vall d’'Hebron and Palau Reial had lower values, particularly at the latter. From March
onwards, the immissions recorded by the four stations decreased for both the 2019 and 2020
series. Barring an occasional exception, the measurements recorded in 2020 were lower than
those recorded in 2019. The most significant reduction in immissions between 2019 and 2020
was seen at the Eixample station during the initial period of the first state of alert (55.7 %) and the
stoppage of non-essential activities (45.8 %). Conversely, the carbon monoxide immissions
recorded at Parc Vall d’"Hebron between 30 March and 9 April 2020 saw an increase of 17.0 %

compared to the same period in 2019.

Figure 2. Daily evolution of carbon monoxide (CO) immissions

at the Gracia-Sant Gervasi station

CO Gracia-Sant Gervasi
1.5
1 14-Mar 30-Mar 10-Apr
E
®
IS
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0
1-Jan 1-Feb 1-Mar 1-Apr 1-May 1-Jun
—2019 ——2020

Source: authors’ own elaboration based on data from the XVPCA

b) Analysis of sulphur dioxide (SOz) immissions, January-June 2019 and 2020

The sulphur dioxide (SO2) immissions show two different patterns in Barcelona. At the Eixample
(Figure 3) and Gracia-Sant Gervasi stations, the ranges are broader, and the values higher. The
latter recorded a maximum daily peak of 5 pg/m3 in both 2019 and 2020, which is a highly
unusual value. The values recorded at Vall d’Hebron and Palau Reial were more contained for all
the months studied. However, those recorded in 2020 during the first state of alert were
generally lower than those recorded in the same period of the previous year, which was not the

case before the state of alert was declared.

At the Eixample sfation, the most significant reduction in values between 2019 and 2020 was
seen during the stoppage of non-essential activities (28.6 %). By contrast, the Vall d’"Hebron and
Palau Reial stations saw the most significant reduction in comparative immissions during the initial

days of the state of alert between 14 March and 29 March, when they reduced by 27.32 % and
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14.7 %, respectively. Interestingly and somewhat unusually, compared to the equivalent period in
2019, the Gracia-Sant Gervasi station recorded a 74.6 % increase in SO2 immissions after the
state of alert was decreed. Moreover, on the days affected by the stoppage of non-essential
activities, immissions doubled, increasing by 108.3 %. From that period to the end of the state of
alert, they rose by 53.5 % compared to the same period in 2019. Therefore, we can assume that

these results depict an anomaly in relation to the behaviour of sulphur dioxide immissions.

In the months prior to the pandemic, all the stations, except Vall d’Hebron, recorded lower

immissions than in the corresponding months in 2019.

Figure 3. Daily evolution of sulphur dioxide (SO2) immissions at the Eixample station

SO, Eixample
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Source: authors’ own elaboration based on data from the XVPCA

c) Analysis of nitrogen oxide (NO) immissions, January-June 2019 and 2020

The nitrogen oxide or nitric oxide (NO) immissions recorded at the Eixample (Figure 4) and
Gracia-Sant Gervasi stations were similar. However, they differed from those recorded at the
other two. The data series at these stations show maximums in excess of 100 pg/mé, with peaks
of up to 120 pg/mé, three times the annual legislated threshold. From March onwards, but
before the first state of alert, the immissions were more uniform, with a smaller range and within
the maximum legislated threshold, especially in the 2020 series. Conversely, the other two
stations, Vall d’Hebron and Palau Reial, recorded less dispersed values with a smaller range,
especially from March when the measurements decreased to minimum values. In all months, the

values for 2019 were slightly higher than those of 2020.

During the first state of alert, all four measuring points recorded reduced NO immissions
compared to the same period of the previous year. Of particular note were the 70—80 %

reductions recorded between day 14 and 29 in March, at Eixample, Gracia-Sant Gervasi and
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Palau Reial. During the stoppage of all non-essential activity, the reductions fluctuated between
55.2 and 70.8 %. Subsequently, until the end of the first state of alert the immissions in 2020
show reductions of 35.7 % at the Vall d’"Hebron station and 60.8 % at the Eixample station.

Figure 4. Daily evolution of nitrogen oxide immissions (NO)

at the Eixample station (dashed line: maximum legislated limit)
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Source: authors’ own elaboration based on data from the XVPCA

d) Analysis of nitrogen dioxide (NOy) immissions, January-June 2019 and 2020

With regards to nitrogen dioxide (NO5y), the four stations again presented two different patterns.
The first pattern can be observed in the Eixample (Figure 5) and Gracia-Sant Gervasi stations,
which have remarkably similar graphs: wide-ranging values, especially from January to March,
peaks above 90 pg/m?® and values above the legislated threshold until the beginning of the first
state of alert. From this moment on, NO2 declines slightly in 2019 and categorically in 2020. A
similar pattern can be seen at Vall d’Hebron and Palau Reial, but with more contained values,

especially in the 2020 series.

When comparing 2020 to the previous year, we can see a consistent paftern of reduced
immissions, on a percentage basis. The most notable variations in 2020 occurred during the
three periods of the first state of alert: the initial lockdown, the stoppage of all non-essential
activity, and the final stage of the measures. The most pronounced decreases were seen during
the initial lockdown, with a more than 60 % reduction compared to 2019 at the Eixample and

Gracia-Sant Gervasi stations.
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Figure 5. Evolution of nitrogen dioxide immissions (NO2)

at the Eixample station (dashed line: maximum legislated limit)
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e) Analysis of nitrogen oxides (NOx) immissions, January-une 2019 and 2020

The Eixample (Figure 6) and Gracia-Sant Gervasi sampling stations saw strong oscillations in
nitrogen oxides (NOx) immissions at the beginning of the year, with almost cyclical maximum
peaks above 250 pg/me. From March onwards the charts reflect a downward trend which is
more pronounced in 2020 when readings hovered around the maximum legislated limit at
approximately 40 pg/m. In contrast, the 2019 graph does not descend as sharply and
maintains, despite some oscillations, figures between 50 and 150 ug/m?® at Eixample, and
between 40 and 120 pg/m?® at Gracia-Sant Gervasi. The other two stations (Vall d’Hebron and
Palau Reial) share similar immissions patterns between them. They have higher and more
dispersed values from January to March and then fall below the legislated 40 pg/mé limit, more

notably so for the 2020 series.

The most pronounced variations in immissions between 2019 and 2020 occur during the initial
period of the first state of alert. Between 14 and 29 March, Eixample, Gracia-Sant Gervasi and
Palau Reial saw reductions of between 67.0 and 71.2 %. Vall d’"Hebron, on the other hand, saw
its most significant reduction during the stoppage of non-essential activities from the 30 March to
9 April, when the recorded immissions were 61.7 % less than during the same period in 2019. In
general terms, from the beginning of 2020, NO, immissions followed a trend of reduced values.
The first state of alert pulled the immissions values to within the maximum legislated threshold,
and, at Vall d’"Hebron and Palau Reial, those values remained below the threshold until the end of

the state of alert.
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Figure 6. Evolution of nitrogen oxides immissions (NOx)

at the Eixample station (dashed line: maximum legislated limit)
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Source: authors’ own elaboration based on data from the XVPCA

f) Analysis of suspended particulate matter immissions (PMio), January-June 2019 and 2020

The analysis of particulate matter immissions (PM1o) shows a similar pattern at the Eixample,
Gracia-Sant Gervasi and Vall d’Hebron stations (Figure 7). The 2019 figures are almost always
below the legislated threshold of 50 pg/m?3, with all three presenting minimums close to 7
pg/m? in January. The 2020 series for these three stations also stay mostly below the legislated
limit value except for two peaks that reach around 100 ug,/m?. For its part, the Palau Reial station

presents values similar to those of the others but with smaller ranges and less pronounced

maximum peaks not exceeding 50 ug/m? in 2019 and climbing just above 60 pg/m? in 2020.

The first state of alert saw decreases in the daily averages at all stations and in all periods,
compared to 2019. The most significant decrease was seen at the Vall d’Hebron station, with
reductions of 39.3 % in the initial phase, through to 59.8 % in the subsequent period that

included the stoppage of all non-essential activity. The other three stations recorded decreases in

PM1o immissions of between 18.3 % and 38.0 %.
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Figure 7. Evolution of suspended particulate matter immissions (PM1o)

at the Vall d’Hebron station (dashed line: maximum legislated limit)
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g) Analysis of ozone (O3) immissions, January-June 2019 and 2020

The ozone (O3) immissions at all four stations studied were fairly similar in 2019 and 2020. They
show minimums at the beginning of the year and then increase progressively until April when the
2019 series shows a daily peak of close to 120 pg/m? (maximum legislated threshold). In the
2020 series, the highest peak occurred at the Palau Reial station in May (Figure 8). For almost the
entire period studied, the immissions measurements for 2020 are slightly higher than those in
2019. The highest concentrations occurred throughout the entire period of the first state of alert,
with values of up to 100 pg/m?. The Palau Reial and Gracia-Sant Gervasi stations experienced
increases of between 2.2 and 40.8 % in all periods under the first state of alarm, compared to
the same dates in 2019. The Vall d’Hebron station was the only one to see reduced immissions at

all times, albeit very moderate reductions of between 3.1 and 4.0 %.
h) Analysis of the influence of traffic on immissions

Regarding the density of traffic and its influence on immissions, in March the average reductions
in the two traffic density points were between 59 % on Saturdays and 44 % on weekdays days.
In April between 87 % on Sundays and 79 % on Mondays and weekdays days. In May between
77 % on Sundays and 57 % on Fridays. And finally, in June a bit more than 30 % in all the days.

The aforementioned reductions are relatively well related to nitrogen oxides (NO, NO2 and NOy)

reductions, although the former are larger. In the other pollutants the relationship is not so clear.

i) Overview of immissions and interpretation of results
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Figure 8. Evolution of ozone (O3) immissions

at the Palau Reial station (dashed line: maximum legislated limit)

O, Palau Reial
150

14-Mar  30- Mar 10-Apr

100

ug/m3

50

1-Jan 1-Feb 1-Mar 1-Apr 1-May 1-Jun

—2019 ——2020

Source: authors’ own elaboration based on data from the XVPCA

In summary, the reductions of immissions in Barcelona from March until June 2020, compared to
those of 2019, are statistically significant, apart from the case of ozone. Figure 9 shows the
weekly average values for the pollutant immissions analysed during the 2019-2020 study period.
The colour code identifies the weeks with the lowest values in green tones, and those with the
highest values in red. The immissions averages by pollutant and station are indicated in the centre
of the graphic. The values of all pollutants are expressed in ug/m?, except for CO, which is in

mg,/m3.

In Figure 9, we can see how the highest weekly average values were generally concentrated in
January and February and that, from March onwards, they begin to move towards lower values.
This pattern applies to both years and tallies with the generally accepted fact that pollutant
concentrations, except ozone, reduce with the arrival of spring. This is a result of: 1) the
decreased frequency of thermal inversions; 2) surface heating and the associated convection that
diffuses pollutants, and 3) more dynamism in synoptic conditions and increased advection. Even
so, in 2020, March to June recorded the lowest weekly averages, with a predominance of green

colours in the figure below.

Boletin de la Asociacion de Gedgrafos Espanoles, (91) 15



Figure 9. Comparative table showing the distribution

of average weekly pollutant immissions in 2019 and 2020

2019 2020
Jan | Feb | Marl Apr |May|Jun Jan | Feb | Marl Apr |May|Jun
Sulphur dioxide (SO,) X X Sulphur dioxide (SO,)

1,67 Eixample 1,39
1,69 | Gracia St Ger.| 2,30
1,39 |Vall d'Hebron| 1,22
1,43 | Palau Reial 1,16

Carbon monoxide (CO) Carbon monoxide (CO)
0,42 Eixample 0,26
0,42 | Gracia St Ger.| 0,34
0,31 |Vall d'Hebron| 0,31
0,33 | Palau Reial 0,26

Nitrogen oxide (NO) Nitrogen oxide (NO)
30,57 Eixample 19,97
19,90 | Gracia St Ger. | 13,54
9,34 |Vall d'Hebron| 8,40
7,68 | Palau Reial 6,51

Nitrogen oxides (NOx) Nitrogen oxides (NOx)
97,62 Eixample 63,60
76,85 | Gracia St Ger. | 51,65
45,61 |Vall d'Hebron| 34,21
41,10 | Palau Reial | 28,78

Nitrogen dioxide (NO,) Nitrogen dioxide (NO,)
51,11 Eixample 33,33
46,73 | Gracia St Ger. | 31,32

31,77 | Vall d'Hebron | 21,35
30,18 | Palau Reial | 19,97

articulate matter (PMy,) Particulate matter (PM()

27,88 Eixample 23,54
24,35 [ Gracia St Ger. | 22,18
26,43 [Vall d'Hebron| 15,89
18,97 | Palau Reial | 16,47

Ozone (03) Ozone (03)
42,61 Eixample 43,15
42,93 | Gracia St Ger. | 49,27

58,95 [Vall d'Hebron | 56,87
51,85 Palau Reial | 58,45

o

Maximum values @ Minimum values

Source: authors’ own elaboration based on data from the XVPCA

We can see that in the months prior to the first state of alert in 2020, the immissions were slightly
below those of 2019 for all pollutants, except PM1o and Ogs. Then, during the first state of alert,
this decrease is accentuated and becomes much more visible and evident; a general decline with
significant percentage reductions. Thus, depending on the pollutant and season, we observed
reductions of up to 80.3 % during the early stages of the state of alert, with typical decreases
ranging between 30 and 60 %. These decreases in immissions were produced by the drop in
economic activity, particularly industrial activity, and the sharp decrease in mobility that led to

considerably reduced road traffic. In this context, the significant level to which economic activity
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and traffic are responsible for generating polluting immissions is reflected by the fact that in the
2019 period analysed, the absolute minimums for all immissions, except PM1p and Os, were

recorded during the Easter week (3rd week of April: day 15 to 21).

On a monthly basis, in April 2021 the maximum reduction was reached compared to 2019 in all
pollutants, except CO and Ogs. The case of NOy is paradigmatic of the evolution of reductions
throughout the first six months of 2021: January, +4.19 %; February, -26.26 %; March, -48.98 %,;
April, -62.98 %; May, -54.14 %, and June, -46.10 %.

Nevertheless, we should also point out that the reduction of immissions during the first part of the
first state of alert (March and April) was partly due to favourable meteorological conditions for
pollutant dispersion, given that both months experienced considerable rainfall, especially April,

and were quite windy.

In terms of ozone and its differentiated behaviour compared to the decreases seen in the other
pollutant immissions, it should be noted that ozone is a secondary pollutant which, rather than
being emitted directly into the atmosphere, is formed within it by photochemical reactions
involving light and other pollutants. This means that the cleaner air would actually increase solar
radiation, making the conditions more favourable for ozone genesis. However, April 2020 was
characterised by abundant cloudiness, so the explanation is probably to be found in other

chemical processes (Tobfas et al., 2020).

4 The reduction of CO;, and other greenhouse gas emissions in 2020

and their continuity

The air pollution analysis made for Barcelona is a public health concern at a local scale. At first
nothing to do with a global effect. Nevertheless, it is perfectly plausible to assume that
greenhouse gas emissions would have drastically reduced during the almost global lockdown,
just like the gases that pollute the air in our cities, and that this should have a positive effect on
the annual emissions balance for 2020. The stoppage or closure of many industries and the
sharp decline in road transport, commercial aviation and certain types of maritime transport
(cruises, for example), as well as economic activities like construction, tourism, the holding of
conferences, etc., reduced fossil fuel consumption and, therefore, CO, emissions. Several
studies with a substantial and urgent interest in such a remarkable and significant matter for our

planet’s system confirmed this.
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A review of some of these studies shows that the maximum reduction occurred in mid-April when
CO2 emissions were more than 25 % lower than normal, and other polluting gases such as NOy
were approximately 35 % below their typical values (Forster et al., 2020) (Figure 10). The key
result is an abrupt 8.8 % decrease in global CO2 emissions (-1551 Mt CO2) in the first half of
2020 compared to the same period in 2019 (Liu et al., 2020). The other main greenhouse
gases, nitrous oxide (N20) and methane (CH4) originate from sources that were less sensitive to
the economic shutdown and therefore showed more moderate decreases, reaching just over 5 %
at the most critical point. After hitting their minimums, the emissions began to increase in line with

the return of socio-economic activity.

The second wave of the pandemic, despite being as serious as the first with a high number of
infections, especially in Europe, was quite different. The arrival of autumn in the northern
hemisphere brought new restrictions on travel and economic activity, making any precise
forecasting of emission values for 2020 as a whole entirely hypothetical. Any estimates are
hinged on the unknown evolution of the virus, its effect on normal patterns of behaviour at
Christmas (which traditionally involves intense economic activity) and on the diverse range of
more or less restrictive measures introduced to control the spread of infection in different
countries and regions. Even so, the general upward trend of the annual CO2 emissions curve will
undoubtedly show a dip in 2020. The reduction may be around 7 % (Le Quéré et al., 2020),
which would only represent a few tenths of parts per million in CO2 ”savings” and have no effect
on global warming. A recent analysis of Nature.News, based in the data of the Carbon Monitor
programme, concludes that, after rising steadily for decades, global CO2 emissions fell by

6.4 %, or 2.3 billion tonnes, in 2020, due to the COVID-19 (Tollefson, 2021).

In a report on the world energy outlook last October, the International Energy Agency indicated
that its “updated assessment of the immediate effects of the pandemic on the energy system
shows expected falls in 2020 of 5 % in global energy demand, 7 % in energy-related CO2
emissions and 18 % in energy investment. Oil consumption is anticipated to decline by 8 % in
2020 and coal use by 7 %. Renewables, especially those in the power sector, are less affected
than other fuels by the pandemic and its aftermath”.? This estimated reduction in CO2 emissions

is similar to that put forward by Le Quéré et al. (2020), and both point to an undoubtedly

prominent dip in the emissions curve, which was also seen, albeit less obviously, in 2009 as a

2 Available at https: //www.iea.org/reports /world-energy-outlook-2020 /overview-and-key-findings#abstract
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result of the financial crisis that took hold during the transition between the first and second

decade of the twenty-first century®.

Figure 10. a) Percentage change in global average CO2 emissions from fossil fuels and
other anthropogenic emissions for each day in 2020 (the dashed vertical lines mark the
first day of the months from February to June). b) Percentage reductions in global average

emissions in April 2020, compared with data from 2019 for CO2 and 2015 for the

remaining pollutants, in the primary emitting countries, including international aviation
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Given the appearance of a second wave of the pandemic in the boreal autumn, if 2020 saw an
approximate 8 % reduction in global CO2 emissions compared to 2019, the dip in the evolution
of these emissions should be evident (Figure 11). It should be noted that according to data from
the International Energy Agency, countries with “advanced economies” have been steadily
declining, albeit very slightly, since 2010. Since the economic crisis at the turn of the decade,
which caused a dip in emissions in 2009 only to see them swiftly recover the following year, the
reduced use of fossil fuels for power generation and in other sectors, in parallel with the
increased use of renewables, have contributed to a steady decline in emissions. In the rest of the
world, the evolution of CO2 emissions has been quite different. They continued to increase until
reaching maximums in 2019. Since then, the increases have begun to slow. The differing
evolution of emissions in the two groups of countries has inverted their percentage shares of the
global total: in 2000, advanced economies were responsible for 12.6 Gt, and the rest of the

world emitted 10.5 Gt, while in 2019, the rest of the world emitted 22.0 Gt, which was

3 More information in https: / /www.worldometers.info,/co2-emissions,/co2-emissions-by-year/
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practically twice as much as the advanced economies, who were responsible for 11.3 Gt

(Figure 11).

Figure 11. Annual CO» emissions of advanced economies (blue)
and the rest of the world (red), for the period 2000-2019
plus their predicted emissions for 2020, and their trends (black)
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Source: authors’ own elaboration based on data from the IEA

(https: / /www.iea.org/articles /global-co2-emissions-in-2019)

We must bear in mind that the decrease in CO5 emissions between 2019 and 2020 does not
imply a decrease in the CO2 concentration in the atmosphere, which continues to increase
unabated (Walsh et al., 2017). Naturally, the increase in its atmospheric concentration will be less

pronounced than in previous years, but it will not be sufficient to change its upward trend overall.

5 Discussion and conclusions

During the first state of alert in Spain (March and April of 2020) declared by the COVID-19
pandemic, there was a general statistically significant decrease in immissions of atmospheric
pollutants in the city of Barcelona, with the exception of ozone. Depending on the pollutant and
control station, reductions of up to 80.3 % were observed during the early stages of the state of

alert, with typical declines ranging from 30-60%. These decreases in immissions were produced

Boletin de la Asociacion de Gedgrafos Esparioles, (91) 20


https://www.iea.org/articles/global-co2-emissions-in-2019

by the fall in economic activity, including industrial activity, and the sharp decrease in the density

of road traffic.

It should also be noted that the reduction in immissions during the first part of the first state of
alert was due in part to the favourable meteorological conditions for the dispertion of pollutants,
since that March and especially April experienced considerable rainfall and were quite windy,

compared to the same months of 2019.

The photochemical genesis of the ozone explains the opposite behaviour respect to the other
pollutant immissions. The cleaner air would actually increase solar radiation, making the

conditions more favourable for ozone genesis.

The influence of traffic on the decline in immissions was clear in the case of nitrogen oxides,
although the reductions in immsissions were greater than the cutting of traffic density. So other

causes, such as the decline in economical (industrial) activity, were also relevant.

The reality of global warming, which is the most evident manifestation of current climate change,
is not up for discussion in science. The vast amount of meteorological data recorded by surface
weather stations, as well as other data from satellites and natural indicators, tells us the planet is
warmer than it was 40 years ago. Furthermore, the warming is global, it affects every part of the
globe and all its regions. And it is also uneven, with the Arctic basin having suffered the most
damage so far (IPCC, 2013). The Mediterranean basin, to which much of Spain belongs
climatically, is also considered a hotspot (Martin-Vide, 2020), with temperature increases higher
than the planetary average (Cramer et al., 2018). The evidence is so overwhelming, that even in
denialist circles, which are increasingly diminished but still aggressive under the shroud of
anonymity offered by social networks, people are beginning to accept that the planet’s
temperature has increased. What they do not accept, however, is that the cause of this increased
temperature is anthropic. Climate change denial uses the Earth’s natural variability to explain the
current warming or makes false scientific, economic, political and humanitarian arguments
(Maslin, 2019). The Working Group | of the Assessment Report 6" has closed this debate: “It is
indisputable that human activities are causing climate change, making extreme climate events,

including heat waves, heavy rainfall, and droughts, more frequent and severe” (IPCC, 2021).

In the northern hemisphere’s spring, large swathes of humanity were confined to their homes due
to the COVID-19 pandemic (the disease), which was produced by SARS-CoV-2 (the virus). With
the exception of healthcare and the necessary government offices, all other industries, transport

and services were forced to grind to a halt, with many countries only permitting essential activities
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to provide and distribute food and medicine and maintain essential services and infrastructures.
This resulted in an immediate drop in air pollution levels in urban and industrial areas and around
major roads. The effect was particularly notable in cities, where the improvements in air quality
were staggering. From the reduction in P25 particles in the Chinese megalopolises (He et al.,
2020), to the NO» levels in Madrid and Barcelona (Baldasano, 2020), NO, plus CO and PM1o
in Rio de Janeiro (Dantas, 2020), and SO, NO,, CO, O3, PM1o, PMs and NHs, in New Delhi
(Mahato et al., 2020), etc. The analyses of Barcelona outlined in the previous sections of this
article also confirm a decrease in air pollution during the state of alert and corroborate, albeit
with certain nuances, the patterns seen elsewhere in the world. The unprecedented images of
wild animals wandering through city streets, together with the pollutantfree air, seemed to
integrate nature into the most artificial and anthropized environment (Rutz et al., 2020). As a
paradox to the health catastrophe, to the pneumonia that was seriously and often fatally
compromising the lung function of the patients in hospital ICUs, those who stayed well were able

to open their windows and take deep breaths of an air free from harmful particles and gases.

The coronavirus pandemic has taught us that the world is fragile, subject to chaos theories (Smith,
2001), where small differences in the initial situation can produce wildly varying results; and to
catastrophe theory (Thom, 1977; Martin Vide, 1993), through which a presumably minimal event
can suddenly unleash effects of an unimaginable magnitude. It has clearly shown us that humanity
operates within tight limits and that there are no borders; that, despite it being almost impossible
to isolate oneself on a hyper-connected planet, isolation and confinement have proved the most
effective strategies to reduce the incidence of the disease. The pandemic has shown us that
solidarity is our best weapon in the face of such adversity, on all levels, from the planetary and
supranational to local neighbourhoods. We live together -we cohabitate- on the same planet,
which is not the same as coexisting. We also share the planet with other living beings, many of
them under the threat of extinction. In fact, today, we are losing animal and plant life at such a
rate it is widely accepted we are living through (and have been for decades, probably during the
last few centuries) the Sixth Extinction (Kolbert, 2015). Furthermore, it is estimated that some 86 %
of the terrestrial species that share our planet have yet to be described (Mora et al., 2011). Since
the end of the eighteenth century, the reproductive success of the human species has been to the
detriment of many other living species that have either disappeared entirely or seen their

numbers decline to a threshold that seriously jeopardises their continuity on the planet.

We will overcome the coronavirus, and the pandemic will come to an end. Nevertheless, let us

not forget that in its place will come a pandemic of even greater proportions; one that has been
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active for decades, with no foreseeable end; one that may appear less harmful than coronavirus
(but which we must face without a protective mask), and one that is negated by climate change
denial with its dubious objectives and conspiratorial visions beyond all reason (which also seem
to fuel the denial of coronavirus). Science, with its scientific method, or, in other words, its
process of systematic observation, rigorous measurement, hypothesis formulation, repeated
experimentation (as many times as is necessary), exiraction of results and consequential
acceptance or rejection of the initial hypotheses, has long since “certified” the reality of global
warming and established its anthropic origin with a degree of confidence that is already

conclusive.

When the pandemic finally subsides and allows for economic recovery, we must ensure CO
emissions do not return to pre-pandemic levels. If no action is taken, the benefit of reducing
greenhouse gas emissions during the COVID-19 pandemic will have been temporary and
minimal (Lambert, 2020). In other words, we must try, by all and any means, to ensure
governments, companies, workers and all economic and social agents recognise the current
situation as a phenomenal opportunity to embrace a just and sustainable economic, social and
environmental recovery plan. We must integrate, in a balanced way, the travel-saving advantages
of telecommuting; swap everyday consumer habits for more moderate and environmentally
friendly ones; reinforce public services, including the health service, which has already been
mistreated, and optimise and invest the resources earmarked for recovery in clean production
methods and stimuli to decisively promote the inevitable energy transition and definitively
renounce fossil fuels. The formula for success lies in changing the economic and energy model;
the welltrodden paths of capitalism no longer serve us (Park, 2015). We cannot return to the old
normal that we longed for in the most challenging moments of the pandemic. Instead, we must
look to a new normal, one where the planet, its countries, its cities and peoples are committed to

real progress, solidarity and sustainability.

The December 2015 Paris Agreement (United Nations, 2015) concluded that, as the principal
cause of global warming, fossil fuels were no longer a viable energy source. Climate change
science warns us that increasing the Earth’s temperature by 2 °C compared to the pre-industrial
period, or, more specifically, the last decades of the nineteenth century, will have severe
repercussions for humanity, some of which will be irreversible. And that, if at all possible, we
must limit the increase to 1.5 °C. With the global average surface air temperature already
exceeding one net degree centigrade (1.1 °C) (IPCC, 2018; IPCC, 2021), we are already

approaching this threshold. We are running out of time to prevent the worst from happening.
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Paradoxically, the coronavirus tragedy may have given us a chance to stop the climate change
pandemic. However, we will only succeed if we can gather every last drop of political will, draw
on full citizen commitment, solidarity between peoples, scientific knowledge and help from
technology. To return to the old normal of just over one year and a half ago, is to condemn the
planet to exceed the 1.5 °C thermal increase threshold, and, in all likelihood, the 2 °C limit as
well. The world would need to cut carbon emissions by 7.6 % per year for the next decade to
prevent the globe from warming more than 1.5 °C above pre-industrial levels, according to the
United Nations Environment Programme. So that reductions would be even larger than 2020’s
drop in emissions (Tollefson, 2021). If we can rise to the challenge outlined above by taking a
comprehensive approach to the reduction of emissions, and not only greenhouse gases but all air
pollutants, we would also benefit from an almost immediate improvement in the air quality in our
cities, which, every year, takes the lives of too many people ahead of their time. The World
Health Organization estimates that “around 7 million people die every year from exposure to fine
particles in polluted air that penetrate deep into the lungs and cardiovascular system, causing
diseases including stroke, heart disease, lung cancer, chronic obstructive pulmonary diseases

and respiratory infections, including pneumonia” (WHO, 2018).

If air pollution and greenhouse gas emissions are tackled together, it is imperative to drastically
reduce both. Although their specific origins and immediate effects are different, in the end both
processes produce environmental damage and negative impacts on human health. This joint
vision of both problems, brought to light by COVID-19, is a comprehensive way of addressing
anthropic impacts on the atmospheric environment and limiting the global warming. This has

been the driving idea of this article.

A paradoxical aspect is the effect of aerosols or fine particles, such as PM1g. They reflect solar
radiation, making the Earth’s surface below them slightly cooler than it would be otherwise. Most
of the particles have a negative forcing, that is, they cool the surface of the planet, as occurs after

large volcanic eruptions.

As a corollary, COVID-19 has reminded us of the permeability between processes at different
scales on the planet. This should encourage us, more than ever, because we live on an
interconnected planet, to use comprehensive approaches, or at least, not to lose sight of what is
happening in broader or more detailed spatial contexts. Our studies, and the scale of our

analyses, must be conducted in as much detail as possible and consider the conceptual, factual,
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temporal and territorial frameworks in which they are embedded. Should that not be the very

purpose of Geography in the twenty-first century?
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