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Abstract:
The COVID-19 impacts air quality indices during the lockdown by restricted policies

for transformations, working hours and etc. Meanwhile, the different campaigns such
as broadcasting advertising, social distancing and etc. help to inform people to control
their behaviors. In this study, we focused on the daily air-quality indices before and
in the early stage of national lockdowns that means in the first month of COVID-19 in
Tehran. We compare the time series of this period with the exact previous year period
with two functional clustering methods. The first one is based on the functional principal
scores obtained by EM clustering, called EM Cluster and the second one is k-Centers
Functional Clustering (kCFC). We study the clustering results with two indices: 1) the
correct percentage of clustering and 2) adjusted Rand Index. The correct percentage of
clustering for NO2 is the highest among others, between 80 and 90% and it has decreasing
pattern after 20 days. Finally, we conclude that the air pollution of Tehran like other
important cities in the world reduced due to the social campaign and national lock-down.
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1 Introduction
The impact of COVID-19 on climatology, air quality, air pollution or vice versa was
studied with different study design such as questionnaires, sampling and etc. and various
statistical methods such as Panel vector auto-regressive models (Panel VAR), Spatio-
temporal models, classification methods, Generalized Additive Model (GAM) in Iran and
its provinces (Ahmadi , 2020; Asna-ashary , 2020; Barbieri , 2020; Broomandi , 2020;
Sahafizadeh , 2020; Srivastava , 2020; Tadbiri , 2020; Zareie , 2020). In this research, we
study this effect by clustering the air-quality indices time series to discover the patterns.
In this regard, there are various type of statistical methods and we choose the functional
data analysis methods because they cluster the whole time series rather than independent
multivariate points. (Chiou , 2007; Jacques , 2013).

2 Method
The hourly and daily air quality indices are observed in two periods of time: 1) From
2019-02-19 to 2019-11-04 and 2) From 2020-02-19 to 2020-11-04. There are 22 air stations
in Tehran that capture eight following indices: Ozone (O3), Carbon Monoxide (CO), Ni-
trogen Dioxide related indices (NO, NO2 and NOx), Sulfur Dioxide (SO2) and suspended
particulates smaller than 2.5 and 10 µm in aerodynamic diameter (PM2.5 and PM10). In
this study, we select the first 30 days of the spreading COVID-19 in Iran and the ex-
act previous year period for comparison purposes. The daily pattern of each index was
calculated based on the hourly values and the missing values are omitted. The outliers
are detected for each index as the 5th and 95th percentile of the distribution, and these
two values are replaced to the lower and upper their values, respectively. The new vari-
able, COVID status, was added that indicates the records from the first period or the
COVID-19 period. The aim of this study is: firstly, it clusters daily curves of each index
with considering the underlying functional structure of the data and secondly it compares
the cluster results with the COVID-19 status and calculate the correct percentage of the
clustering result and adjusted Rand Index. We use two algorithms for the first purposes:
1) Functional principal component analysis (FPCA) scores were obtained and the EM-
Cluster method is used to cluster them and 2) k-Centers Functional Clustering (kCFC)
method that directly clustering the functional data is used. These methods are extended
the multivariate clustering to cover the functional properties of the observed time series.
The second purpose was obtained by comparing the clustering membership result and
the status of the COVID-19 in the contingency table and the correct rate of the table
was computed as the number of correctly specified divided on the total observation and
the adjusted RAND index is calculated. These indices show the ability of the clustering
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method to identify the differences between time-series before and during COVID-19 and
also, they can show that how air quality indices are changes due to the early stage of
lock-down and social campaigns in the first 30 days of COVID-19. All calculations are
done with R 4.1.0 and R studio with the following packages fdapace, EMCluster and
pdfCluster. (Chiou , 2007; Jacques , 2013; Carroll , 2020; Chen , 2015; Adelchi, 2018)

3 Result

According to table 1, the correct rate and aRand of the two methods are the highest for
NO2 and they are between 80 and 90% and between 50 and 60% , respectively. The
NO, NOx and SO2 have correct rate greater than 50% in two methods. These indices
have the highest correct rate and it indicates that they are affected by the restriction
of the COVID-19 more than others. The EM-Cluster was obtained with the Fraction of
Explained Variation (FEV) of at least 90% and kCFC has FEV threshold equals 90%.
There is one eigenfunction for some air indices. In the EM cluster method, the highest
correct rate and aRand index are for SO2 that are equal to 96.77% and 87.09% respectively.
And the lowest correct rate and aRand are for O3 that are near chance level and equal
to 52.78% and -1.02%, respectively. In the KcFC, the highest correct rate and aRand are
for PM10 that are equal to 97.06% and 88.23%, respectively. And the lowest correct rate
and aRand are for CO and O2 that are equal to 15.15% and -2.48% , respectively. The
functional mean, first and second eigenfunctions of NO, NO2, NOx, PM2.5 and PM10

are plotted in figure 1. The decreasing pattern of all indices after f0 days are observed.

4 Discussion

Previous studies showed that the COVID-19 lock-down has a significant impact on the air
quality indices with spatial variations in Tehran (Broomandi , 2020) that is aligned with
the most important cities in the world (Venter , 2020). This study shows that in the first
30 days of COVID-19 registries that the national lock-down was in the early stage, the
reductions of air pollution indices are observed. Many studies investigate the relationship
between COVID-19 transition rate, death and etc. with the weather parameters (Contini
, 2020; Fattorini , 2020; Stanam , 2020; Travaglio , 2021; Wu , 2020; Zhang , 2020; Lau ,
2020).
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Figure 1: The Result of KcFC clustering.

Table 1: The results of clustering methods group by air quality indices and clustering
method.

EM Algorithm KcFC
Cluster 1 Cluster 2 Correct aRandFEV1 FEV2 Correct aRand FEV1 FEV2 FEV1 FEV2

CO 0.82 0.12 69.70% 12.86% 76% - 97% 15.15% 46.99%
NO 0.77 0.19 66.67% 8.71% 60% 38% 59% 27% 78.79% 31.05%

NO2 0.61 0.32 87.88% 56.04% 61% 23% 64% 29% 90.91% 65.90%
Nox 0.71 0.26 63.64% 4.82% 90% - 56% 29% 81.82% 38.66%
O3 0.77 0.16 52.78% -1.02% 65% 30% 68% 28% 47.22% -2.48%

PM10 0.92 - 58.82% 1.62% 92% - 58% 40% 97.06% 88.23%
PM25 0.87 0.07 42.42% 0.73% 83% - 90% - 80.65% 35.52%
SO2 0.90 0.09 96.77% 87.09% 70% 18% 72% - 66.67% 8.51%
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