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Abstract: The dependence of the atmospheric pollution levels on the synoptic conditions and
the associated prevailing weather regimes over Ioannina was examined for the 3-year period of
15 February 2019–14 February 2022. The study period is constrained by the availability of quality
local air (particulate and gaseous) pollution measurements. The data used consist of (1) daily grid
point values of the main meteorological parameters over the geographical domains of southeastern
Europe and the greater Epirus region, obtained from ERA5 Reanalysis database and (2) hourly values
of the main meteorological parameters and the concentration of basic pollutants recorded at the
automatic environmental station of the Epirus Region located at the center of Ioannina. At first,
12 Weather Types (WTs) were defined on daily basis by applying a multivariate statistical method-
ology including Factor Analysis and k-means Cluster Analysis of the meteorological data. Next,
for each WT, the average values, the standard deviations and the mean diurnal variations in the
pollutant concentrations were calculated. According to the results, it appears that almost all pollutant
concentrations were considerably higher during two anticyclonic WTs prevailing in the cold period
of the year, while the diurnal variations in the concentrations were affected by the diurnal variations
in traffic, combustion processes and solar radiation. The exact influence of the above factors depends
on the characteristics of the prevailing WT.

Keywords: atmospheric pollution; weather types; cluster analysis; NW Greece

1. Introduction

Air pollution is a common problem in big crowded cities around the world. It is well
known that air pollution levels are generally affected by meteorological conditions. In
Greece, many studies have been conducted concerning the connection between air quality
in the two biggest cities, i.e., Athens and Thessaloniki, and the local and/or large-scale
meteorological conditions [1–5]. Furthermore, the classification of Weather Types (WTs) is a
research subject which has been extensively studied by many researchers in the past [6–8].
A weather type (WT) corresponds to a specific meteorological condition prevailing over a
geographical area, associated with a specific characteristic mode of large-scale atmospheric
circulation. The characteristics of a WT can be quantified with the use of the corresponding
values of the main meteorological parameters over the area of interest and the large-scale
atmospheric circulation parameters prevailing over a greater geographical area. There are
many methods that have been used in the past for the definition of WTs.

In the present study, the dependence of the atmospheric pollution levels on the pre-
vailing WTs is examined for the city of Ioannina (NW Greece). A multivariate statistical
methodology, which includes a dimensionality reduction technique followed by a classi-
fication technique, has been used for the definition of WTs based on meteorological data
for the Ioannina area, the Epirus region and southeastern Europe. The pollution levels
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were examined for each of the defined WTs. This examination included the mean pollutant
concentrations as well as their diurnal variations.

2. Data and Methodology

The data used consist of (1) daily (12UTC) 1◦ × 1◦ grid point values of 500 hPa
and 1000 hPa geopotential heights and 850 hPa air temperature over southeastern Europe
(30◦ N–55◦ N, 0◦–40◦ E) and 6-hourly 0.25◦ × 0.25◦ grid point values (00, 06, 12 and 18 UTC)
of air temperature and dew points at 2 m, zonal and meridional wind components at 10 m
and total cloud cover over the greater Epirus region (38.5◦ N–40.5◦ N, 19.5◦ E–21.5◦ E),
obtained from the ERA5 Reanalysis database [9,10] and (2) hourly values of air temperature,
relative humidity, zonal and meridional wind components and the concentration of basic
pollutants (PM10, PM4, PM2.5, PM1, NO, NO2, NOx, CO, SO2 and O3) recorded at the
automatic environmental station of the Epirus Region located at the center of Ioannina, for
the 3-year period of 15 February 2019–14 February 2022.

Weather Types (WTs) were defined on daily basis by applying a multivariate statistical
methodology including Factor Analysis and k-means Cluster Analysis of the meteorological
data. Factor Analysis is a statistical method used for the reduction of the dimensionality of a
data set. This is achieved with the definition of a small number of new variables expressing
a large percentage of the variance of the initial data set [11]. k-means Cluster Analysis
is a statistical method which classifies cases in a data set into distinct and homogenous
groups (clusters) using the squared Euclidian distance between them [12]. In the present
work, Factor Analysis contributed to the reduction of the dimensionality of the initial
meteorological data sets and k-means Cluster Analysis classified the days into groups
defining the WTs. For the selection of the appropriate number of clusters, the distortion
test was used [13]. For each WT, the mean daily values and the mean diurnal variations of
the pollutant concentrations were calculated.

3. Results and Discussion

Factor Analysis was applied on three data matrices. Specifically, it was applied
separately the following matrices: (1) 500 hPa and 1000 hPa geopotential heights and
850 hPa air temperature over SE Europe resulting in six factors (87% of the total variance);
(2) 2 m air temperature and dew point, 10 m zonal and meridional wind components
and total cloud cover over the greater Epirus region resulting in five factors (69% of the
total variance); and (3) air temperature, relative humidity and wind components (zonal
and meridional) in Ioannina resulting in seven factors (78% of the total variance). Next,
k-means Cluster Analysis was applied on the unified matrix of all factor scores resulting in
12 clusters that define the 12 WTs.

From the 12 WTs, 5 WTs corresponded to the cold period of the year, 2 WTs corre-
sponded to the warm period of the year and 5 WTs referred to the transitional seasons.
For each WT, the mean concentrations of all pollutants were calculated. In Figure 1, the
mean concentrations of PM10, PM2.5, NOx, CO, SO2 and O3 are presented for all WTs.
The corresponding values of the rest of the pollutants (PM1, PM4, NO and NO2) are not
presented due to the space limitations of the article. As can be seen in Figure 1, the most
interesting WTs in terms of air pollution levels are WTs 4, 5 and 10. Specifically, for PM2.5,
PM10, NOx, CO and SO2, the highest concentrations were recorded when WTs 5 and 10
prevailed, while the maximum concentration of O3 appeared for WT4. For WT5, mean
PM10 and PM2.5 concentrations exceeded 60 and 50 mg/m3, respectively, while mean NOx
concentration approached 40 ppb. For WT10, PM10 and PM2.5 concentrations were slightly
lower relative to WT5 (about 50 and 43 mg/m3, respectively), while the NOx concentration
reached 34 ppb. For WT4, the mean O3 concentration exceeded 90 mg/m3, which was the
highest level among the 12 WTs. It is noted that, according to the intra-annual variation
of the WTs’ frequency (figure not shown), WTs 5 and 10 are cold season WTs, while WT4
is a transitional season WT. Since WT4 includes a very small number of days, WT2 was
examined instead of WT4, as it prevailed for a considerable number of days and presented
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high ozone concentration too. In order to examine the synoptic conditions favoring the
above pollution level characteristics for WTs 2, 5 and 10, the corresponding mean 12UTC
500 hPa and 1000 hPa geopotential patterns are presented (Figure 2). It was seen that both
cold season WTs 5 and 10 were characterized by a ridge over the Balkans, associated with
anticyclonic conditions near the surface. Such anticyclonic conditions favor subsidence,
clear skies, surface inversion and relatively low temperatures, especially in the night and
early morning. Such conditions favor the accumulation of atmospheric pollutants in the
lowest tropospheric levels because of the absence of horizontal and vertical mixing and the
emission of pollutants related to biomass burning for house heating. This can justify the
highest concentrations of almost all pollutants (except O3) during these two WTs. In terms
of O3, it is noted that it is a photochemical pollutant and therefore it is expected that its
maximum concentration would appear during a warm season WT. WT2 is one of the two
warm season WTs defined and it is characterized by typical summer synoptic conditions
over the Balkans associated with anticyclonic activity, clear skies and sunshine. The intense
solar radiation and the calm conditions over NW Greece favor the accumulation of O3.
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Figure 2. Mean 12UTC patterns of (a) 500 hPa and (b) 1000 hPa geopotential height (gpm) for WTs 2,
5 and 10.

The mean diurnal variations of PM2.5 and PM10 concentrations for WTs 5 and 10 and
O3 concentration for WT2 are presented in Figure 3. It is shown that, in terms of PM2.5
and PM10, the maximum concentration appeared in the evening and exceeded 90 and
100 mg/m3, respectively, for both WTs. This is connected to the increased biomass burning
for house heating purposes in the evening. In terms of the diurnal variation in O3 concen-
tration, the maximum was found during the day and specifically during periods of intense
solar radiation, as expected for a photochemical pollutant like ozone.
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4. Conclusions

The synoptic conditions favoring high atmospheric pollution levels were examined
for the city of Ioannina in NW Greece and the main conclusions are the following:

• Anticyclonic activity associated with clear skies and calm conditions favor the domi-
nation of surface inversions which are responsible for high concentrations of most of
the atmospheric pollutants during the cold period of the year.

• The house heating associated with biomass burning during winter temperature inver-
sions leads to an evening maximum in the diurnal variation of PM10, PM4, PM2.5,
PM1, NO, NO2, NOx, CO and SO2 concentrations.

• O3 is the only pollutant which was found to increase during the warm period of the
year because of its photochemical origin.
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