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Abstract

The emergence of the infectious virus known as Coronavirus (COVID-19) in the Chinese city of Wuhan at the end of 2019 not only
affected the world politically, socially and, economically but also had an impact on the environmental issues in most of the countries.
During the curfew period in many countries due to the coronavirus, it was hypothesized that there would be a decrease in the level of
air pollution due to the significant decrease in anthropogenic activities. The aim of the study is to analyze the level of air pollution for
specific pollutants (Particulate matter, NO,, Ozone) in Cyprus within the period from January 2020 to June 2020 and to compare the
obtained results with the air quality data for the same period in 2019. This period was selected to cover the time frames before lockdown,
during lockdown and partial lockdown implemented in Cyprus. In order to make a comparative analysis with 2019, monthly mean
values of the pollutants and mean values of three phases were obtained using the satellite data. Differences were presented as percentages
and t-test was applied to determine if these differences were significant. Significant reduction in NO; values was detected during the
lockdown and partial lockdown periods compared to the values obtained at the same periods of 2019, while AOD and Ozone values did
not decrease significantly during the lockdown period.

Keywords: COVID-19, Lockdown, Air Quality, AOD, NO», t-test.

Koronaviris Pandemisinin Kibris’taki Hava Kalitesine Etkisinin
Incelenmesi

Oz

2019'un sonunda Cin'in Wuhan sehrinde Coronavirus (COVID-19) olarak bilinen bulasici viriisiin ortaya ¢ikmasi, diinyay1 yalnizca
politik, sosyal ve ekonomik olarak etkilemekle kalmadi, ayni zamanda ¢ogu iilkenin ¢evresel konularini da etkiledi. Koronaviriis
nedeniyle bir¢ok iilkede alinan sokaga ¢ikma yasagi doneminde, antropojenik faaliyetlerin dnemli derecede azalmasi nedeniyle hava
kirliligi seviyesinde bir azalma olacag diigiiniilmekteydi. Bu ¢aligma, Ocak 2020'den Haziran 2020'ye kadar olan donemde Kibris'taki
hava kirliligi seviyesini bazi kirleticiler (Partikiil madde, NO2, Ozon) i¢in analiz etmeyi ve ¢ikan sonuglarin 2019 yili ayn1 donemindeki
hava kalitesi degerleri ile karsilagtirmay1 amaglamaktadir. Bu donem, Kibris’taki sokaga ¢ikma yasagi 6ncesi, sokaga ¢ikma yasagi ve
kismi sokaga ¢ikma yasag1 periyotlarini kapsayacak sekilde segilmistir. 2019 yil1 ile karsilagtirmali bir analiz yapmak i¢in uydu verileri
kullanilarak kirleticilerin aylik ortalama degerleri ve {i¢ periyottaki ortalama degerler elde edilmistir. Farklar yiizde olarak verilmis ve
bu farklarin anlamli olup olmadigini belirlemek i¢in t-testi uygulanmistir. Sokaga ¢ikma yasagi ve kismi sokaga ¢ikma yasagi
donemlerinde NO- degerlerinde 2019 yilinin ayn1 dénemlerine gore anlamli bir diisiis oldugu ancak AOD ve Ozon degerlerinde anlamli
bir farklilik olmadig tespit edilmistir.

Anahtar Kelimeler: COVID-10, Sokaga ¢ikma yasagi, Hava kalitesi, AOD, NO,, t-testi.
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1. Introduction

Air pollution which is the introduction of chemicals,
particulate matter (PM), or biological materials that cause harm to
humans or other living organisms, or cause damage to the natural
environment or built environment, into the atmosphere (Agbaire
and Esiefarienrhe, 2009) is a global issue as it affects both the
developing and developed countries. Problems with air quality are
more persistent in highly populated and industrialized areas with
poor air quality control management strategies (Rai et al., 2013).
Pollution stress can alter plant and animal lives, human health
situations and the environment as a whole due to the fact that
various concentrations of different air pollutants can alter the
atmospheric and environmental balance. It has been reported by
the Environment, Rural and Marine Resources of the Spanish
Ministry that air pollution causes more death in a year than road
accidents (Marcos, 2011).

The coronavirus is one of the most recent emerging species
of viruses that has been posing a great challenge to many people
around the world as scientists are doing everything possible to
prevent its spread and also looking for possible treatment methods
and preventive vaccines (Briz-Redon et al., 2021). Due to the
speed that the coronavirus spread around the world and also its
severe health impacts on human lives, it has been termed a global
pandemic (Wang et al., 2020).

Some measures were taken by the authorities of the countries
across the world to prevent the spread of the virus from one person
to another and from one country to another. The lockdown was
the major policy measure that was implemented as an emergency
method to slow the rate of COVID-19 transmission. Some of the
other measures included social lockdown thereby preventing
public gatherings of any type hence everyone was kept at home
(Das et al., 2020; Patel et al., 2020). All types of public and
private transportation have been stopped during the coronavirus
lockdown (Tosepu ef al., 2020). Factories were shut down while
malls, cinema theatres, and streets were deserted and almost all
activities were halted worldwide. Education of all forms became
online as no face-to-face studies were permitted (Bukhari and
Jameel, 2020).

The virus has not only affected the world politically, socially
and economically but also had impacts on the environmental
components of most cities around the world. The lockdown
measures implemented in response to the COVID-19 pandemic is
thought to be a general blessing to the environment globally
(Mabhato et al., 2020) though some little disparities were observed
in a few countries. For example, it was observed that there was a
considerable general decrease in the level of NO; in some
countries like China (Zhao et al., 2019; Wang and Su, 2020), the
USA (Berman and Ebisu, 2020), India (Mahato et al., 2020),
Brazil (Nakada and Urban, 2020), Kazakhstan (Kerimray et al.,
2020), Spain, France, Italy (Gautam, 2020) and Samsun, Turkey
(Efe, 2021). Sahin (2020) showed that there was a significant
reduction in PM;¢ values in Istanbul during the COVID-19
compared to the values obtained before COVID-19. Conversely,
an increase in the ozone levels was noticed during this same
lockdown period in some European countries (Sicard et al., 2020),
Latin American countries (Nakada and Urban, 2020; Siciliano et
al., 2020), and Asian countries (Kerimray et al., 2020). The
increase in O3 levels had been associated with a decrease in NO
as there was a little breakdown of O3 by NO (Nakada and Urban,
2020)
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It was reported that the concentrations of black carbon (BC)
and NO; were reduced to half of their initial values while PM10
concentration experienced about one-third reduction in the city of
Barcelona due to the lockdown (Tobias et al., 2020). It was also
claimed that the reduced anthropogenic activities and hence
emissions during the lockdown period were not good enough to
stop serious air pollution occurrence in 10 major cities in China
(Wang et al., 2020).

Dantas et al., 2020 investigated the impact of the lockdown
on the air quality in the city of Rio de Janeiro, Brazil. The
concentration of the pollutants PM, CO, NO,, and O3 were
measured during the period of lockdown (23 March to 16% April,
2020) and the values were compared to the concentration of the
same pollutants obtained in the same period in 2019 (23™ March
to 16™ April, 2019). They found that the most significant
reduction (30.3-48.5%) was for CO. A decrease in NO;
concentration was also observed, while PMjo levels only
experienced a reduction in the first lockdown period. There was
an increase in the concentration of O3 and this was associated with
the decrease in NO; levels.

This study aims to analyze the changes in air pollution levels
for specific pollutants (PM, O3, NO;) during the COVID-19
lockdown period as compared to the ones obtained before the
COVID-19 lockdown period of Cyprus using satellite data from
the Giovanni website (https://giovanni.gsfc.nasa.gov/giovanni/).

2. Material and Method

2.1. Study Area

This study focused on Cyprus, the island located in the
Eastern Basin of the Mediterranean Sea with coordinates between
latitudes 34° and 36° N, and longitudes 32° and 35° E. The most
and least polluted cities of Cyprus are Nicosia and Paphos,
respectively. The island experiences a warm, Mediterranean
climate which has long hot summers and mild, wet winters
(Hadjinicolaou et al., 2011).

Some of the main industrial activities on the island include;
agriculture, cement and gypsum, ship repair and refurbishment,
textiles, light chemicals, metal products, wood, paper, stone and
clay products, fisheries, shipping, construction, and food and
beverage processing. In addition to vehicle and automobile
emissions the emissions from industries, power plants, and houses
are the main sources of pollution in Cyprus (Tsilingiridis et al.,
2010).

As the first COVID-19 cases had been reported, the first
lockdown in northern Cyprus started on the 15" March and ended
on the 4" of May 2020 (Volkan & Volkan, 2020), two weeks after
the last patient was discharged from the hospital. During this
period, there was a very limited movement of vehicles and
persons. All schools, non-essential shops, restaurants, cafes,
cinemas, gyms, playgrounds, and workplaces were closed down.
People could only leave the house in case of an emergency. In
addition, only factories that were involved in the production of
essential goods and services were allowed to operate. Gradual re-
opening in businesses had started on the 5% of May until the 15%
of May (Volkan & Volkan, 2020). During this phase, people were
asked to maintain social distance and use facemasks as
compulsory measure. The crowds with more than 10 people in a
closed area was also prohibited. In South Cyprus, the first
restrictions started on the 11% of March 2020, all the schools
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closed on March 13, and restrictions were eased after the 4th of
May. On the 21* of May, all schools reopened (Kolokotroni et al.,
2021). For the whole island, lockdown phases and corresponding
dates were determined to be used as given in Table 1.

Table 1: Different lockdown periods for Cyprus.

Phase Lockdown Dates Periods
1 15t Jan 2020 - 14 Mar 2020 Pre-lockdown
I 15" Mar - 4" May 2020 Total lockdown
m 5% May - 30" Jun 2020 Partial lockdown
2.2. Data

Satellite data of NO», O3, and particles were retrieved and
analyzed in order to determine the effect of the lockdown on air
quality in Cyprus. NO> is emitted to the atmosphere principally
by activities such as vehicles and other forms of transportation,
combustion of fossil fuels in industries and power plants. O3 on
its part can occur naturally and its concentration can be influenced
by human activities (Apte et al., 2008) and formed as a secondary
pollutant. It is found both in the stratosphere and troposphere. The
interaction between UV light and molecular O, leads to the
formation of stratospheric ozone (the ozone layer) while the
photochemical reactions between VOC and NOy will lead to the
formation of ground-level O3 or tropospheric O3 (Goodman et al.,
2009; Cakir and Sita, 2020). Finally, desert dust, VOC from
vegetables, smoke from fires, and volcanic ash are the main
natural sources of aerosols (Dutheil ef al., 2020; Humbal et al.,
2019). According to the studies of Querol ef al (2009) and
Achilleos, et al. (2014), vehicular activities, sea salt sprays,
transportation from European countries, dust re-suspension can be
listed as the main anthropogenic and natural sources of particles
in the region of Eastern Mediterranean.

In this study, satellite-derived data from the Giovanni website
were used. NO> and O3 data were obtained from NASA's OMI
sensors, and AOD data, which was used to approximate PM
(Stirnberg et al., 2018), was obtained from MODIS sensors. OMI
is a Dutch and Finnish-built monitoring image spectrometer that
is designated to distinguish ozone and other atmospheric gases.
The instrument has a spectra region of 264-504 nm, a spectra
resolution of 0.42-0.63 nm, and a resolution of 0.125° x 0.125°
(Levelt et al., 2006). The MODIS instrument operates on both the
Aqua and Terra spacecraft with a viewing swath width of 2330
km and views the whole earth’s surface every 24 or 48 hours. The
instrument acquires data at three spatial resolutions (250, 500, and
1000 m), and measures 36 spectral bands between 0.405 and
14,385 pm using its detectors (Gupta et al., 2016).

In this study, the product of NO; Total Tropospheric Column
(30% Cloud Screened) (OMNO2d v003) with measuring unit of
cm-2 and spatial resolution of 0.25° was used. For the ozone data
the product of Total Ozone Column (TOMS-like) (OMTO3e
v003) with DU as unit and 0.25° as a spatial resolution; for
particles the product of Combined Dark Target and Blue AOD at
0.55 micron for land and ocean: mean (MYDOS8 D3 v6.1) with a
spatial resolution of 1° was used.

2.3. Methodology

The time series, area-average plot on Giovanni website was
used to get daily data values for NO,, O3, and AOD, for the period
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of 1% January 2019 to 30" June 2019 and also 1% January 2020 to
30" June 2020. These data were collected for the whole of Cyprus.

Excel, the Microsoft Office spreadsheet software program
was used to;

e calculate monthly mean values of AOD and NO; for the
given periods for 2019 and 2020,

e calculate the percentage difference of the monthly mean
values of 2019 and 2020 using Equation 1.

% difference = 2:20207Xi2019 o 45 (1)
Xj,2019

where X; 5010 and X020 represent monthly mean values

of the ith month in 2019 and 2020 respectively.

o apply t-test to deduce the significance of the difference in
monthly mean values for the above-mentioned pollutants
and periods for the entire island. 0.05 and 0.01 alpha levels
were considered to evaluate the significance,

e calculate the mean and standard deviation of the AOD,
NO; and O3 values for the different periods (Table 1) (pre-
lockdown, total lockdown, partial lockdown) during 2020
and calculate mean values for the same periods of 2019,

o calculate percentage difference of the mean values of three
periods of 2020 compared to the same periods of 2019.
Equation 1 was adapted for the calculations,

e apply t-test to show the significance of the difference of
the periods means between the corresponding three
periods of 2019 and 2020. 0.05 and 0.01 alpha levels were
considered to evaluate the significance.

The negative data values (in the case of NO,) and all the filled
values (this occurred when the measuring instrument could not
detect the pollutant) were eliminated before starting the analysis
and these data were not taken into consideration. On the other
hand, in the study of Achillos et al (2014) the cases that AOD
values greater than 0.3 together with Angstrom exponent (AE)
less than 0.9 were used as an indicator of the desert dust particles
presence. AE values were not been analyzed in this study, but
similar to the other approach in Achillos et al. (2014), the days
with AOD values higher than the 95th percentile value have been
considered as days with high particles level that is associated with
the dust storms. 95th percentile of the AOD values during the
given periods in 2019 and 2020 was found as 0.61 and 0.44
respectively, that’s why it was decided to neglect AOD values
greater than 0.5 from both of the years to eliminate the effect of
the possible dust transportation.

3. Results and Discussion
3.1. Monthly mean differences

Figure 1 illustrates the monthly mean AOD data from January
to June for both 2019 and 2020 over Cyprus. There are increasing
AOD values from January to April in both years, but the observed
change from March to April in 2020 is less than that in 2019. This
difference can be explained by decreased or even stopped
vehicular activities during the lockdown. AOD values in February
and March 2020 were observed to be higher than those of 2019.
However, during April, May, and June 2020 the values were
smaller than those of 2019 with the highest difference in June.
Efforts have been made to eliminate the contribution of dust
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storms, but there are still high (>0.3) AOD values that may lead
to an increase in monthly average values.

0.35
03

0.25

0.
0.
0.
0
JAN FEB MAR APR MAY JUN

Months

AOD
o
=
T N

o
[l

W 2019 w2020

Figure 1. AOD monthly mean values for Cyprus (blue: 2019,
orange:2020).

As seen in Figure 2, positive monthly percentage changes
(8% and 13%) in AOD values for February and March,
respectively indicate an increase in PM concentrations as
compared to 2019 values. According to the one-tailed t-test (for
two-samples unequal variances) with 0.05 alpha level, all these
positive and negative differences (except June) were found to be
not significant (p>0.05). The highest and significant negative
monthly mean difference between 2020 and 2019 was observed
in June. The region was under the effect of dust storms during
June 2019 (Kibris Gazetesi, 2019a, Kibris Gazetesi, 2019b).
Therefore, high AOD values, less than 0.5 but greater than 0.3,
may have contributed to the high monthly mean AOD during
June.
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Figure 2. The percent differences between the 2020 and 2019
values in terms of monthly mean AOD data.

Monthly mean values of tropospheric NO, for Cyprus, from
January to June for both 2019 and 2020 were given in Figure 3. It
is clear that monthly mean values in 2020 were lower than those
of the corresponding months in 2019. The lowest values were
observed in February and March in 2019. The road traffic
decreased due to the lockdown in 2020, and the lowest monthly
average values were detected in March and April. With the
gradual re-opening in May and June, NO; values increased to the
same level as before the lockdown.
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Figure 3. Monthly mean values of tropospheric NO» for Cyprus
(blue: 2019, orange:2020).

Percent differences between monthly mean values of NO; in
2020 and 2019 (Figure 4) showed a significant decrease in March,
April and June (-31%, -31%, -17%). Decreased even stopped
vehicular activities can explain these reductions during the March
and April months. Percent changes in mean values with respect to
2019 were observed as negative values in January, February, and
May also, but according to t-test with the 0.05 alpha level, the
differences between mean values were not significant.
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Figure 4. The percent differences between the 2020 and 2019
values in terms of monthly mean tropospheric NO> values.

3.2 Analysis for different periods

The mean and standard deviation of AOD, NO,, and Ozone
values for the different periods (pre-lockdown, lockdown, partial
lockdown) of the pandemic in 2020 were calculated. In order to
determine the effect of the lockdown period on the air quality,
mean and standard devation were obtained for the same periods
of 2019, and percent change in mean values compared to 2019
was calculated. One-tailed t-test was applied at alpha levels of
0.05 and 0.10, and the significance of the differences between
mean values was evaluated in this section.

According to Table 2, the mean and standard deviation of the
AOD values were the same for Period I (pre-lockdown) in both
years of 2020 and 2019, and there is no change in mean values.
During the lockdown period in 2020, AOD values showed an
insignificant increase compared to the same period of 2019 while
there was a significant decrease in values during the partial
lockdown. Partial lockdown or gradual re-opening in some sectors
had started on 5™ of May, 2020, and emissions from the human
activities, especially from automobiles were expected to increase
during this period and monthly values of NO, presented these
trends clearly, while AOD values have not increased during the
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May and June compared to the lockdown months. The highest and
significant (at 0.05 alpha level) difference compared to the same
period of 2019 in mean values of NO, was observed during the
lockdown period with a 32% reduction. A decrease in NO; values
was observed (9%) also in partial lockdown compared to 2019 but
it was found significant at 0.10 alpha level. Similar results were
obtained by Zhang et al, (2020). They found 33% reduction in
NO; at the continental level in East Asia, and 49% reduction was
obtained at the city scale in London.

Table 2. Statistical analysis of the pollutants during the different
periods of Coronavirus Pandemic and same periods of 2019, in

Cyprus.
2019 2020 Relative
Pollutant | Period Mean Mean change
(std dev) | (std dev) (%)
| 0.18 0.18 0
(0.08) (0.08)
0.24 0.25
AOD I ©011) | (0.10) 3
0.27 0.22 N
I ©011) | o9 | %
| 13.99 11.65 17
(9.25) | (8.44)
12.85 8.79 N
NO, I (8.93) (5.32) -32
i 14.01 12.68 g
(3.83) (5.38)
| 311.34 | 335.05 g
(34.40) | (24.60)
351.88 350.31
Os W1 0937y | (16.38) 0
" 31428 | 310.25 e
(16.55) | (20.70)

* significant at 0.05 alpha level
**significant at 0.10 alpha level

Mean Ozone values showed a significant (at 0.05 alpha level)
increase (8%) in the pre-lockdown period compared to the same
period of 2019, while the values were almost equal during the
lockdown period of 2020 and the same period of 2019. It was
observed that there is a significant (at 0.10 alpha level) decrease
(-1%) in mean values during period III (partial lockdown).
Increasing NO; values after lockdown might have an effect on the
reduction in Ozone values because NOy has an important role for
destroying the ozone in the troposphere.

According to Tobias et al. (2020) results, the most significant
reduction (-45 to -51 %) was observed for NO,, mainly related to
related to traffic emissions while PMo had a lower decrease (-28
to -31 %). Conversely, O3 values increased in levels compared to
the values obtained before lockdown periods in Barcelona. The
results of Tobias et al. (2020) are mostly in line with the results of
this study.

4. Conclusions and Recommendations

In this study, the change in air quality in Cyprus during the
lockdown periods of Coronoavirus pandemic was analysed.
Monthly mean values of AOD, tropospheric NO, were obtained
for the months from January to June of 2020 and 2019. Percent
changes in monthly mean AOD values with respect to 2019 were
calculated and the findings showed that changes in AOD were not
significant. However, the analysis results applied for NO, showed
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that there was a significant decrease in March, April and June
values compared to values of the same months of 2019.

The period from January to June of 2020 was divided into 3
phases considering the dates of lockdown. Changes in the mean
AOD, tropospheric NO;, and Ozone values during the periods
before lockdown, lockdown, and partial lockdown were evaluated
and compared to the values obtained during the same periods of
2019. According to the results, significant decrease in AOD
values was only obtained for period III (partial lockdown).
Because of the limited vehicular activities during the lockdown
period, a significant reduction in NO; values was observed.

Further studies can be conducted for Cyprus at the city-scale
and analysis can be repeated to show how the air quality has
changed during the lockdown period with respect to the 5 year-
baseline period.
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