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The ability to link air pollution to weather regimes may help municipalities to activate in advance plans 
to protect citizens from severe episodes of air pollution. The aim of this work was to associate  the 
atmospheric circulation patterns and air pollution over Berlin using observational data from three air 
quality monitoring stations (Urban, Suburban and Traffic stations) during the period January 1990 to 
December 2002, with weather type’s classifications issued in the frame of the European Cooperation in 
Science and Technology project (COST733). Results obtained in this work shows similar higher ozone 
(O3) concentrations and weather regime type during the summer season for both the three stations and 
the two cluster methods used viz. Self-Organizing Maps (SOM) and cluster analysis of principal 
components (CAP). The highest concentration level of ozone was observed in the suburban station. High 
pollution that occurred from the particulate matter (PM10) was observed in the urban station during the 
winter season. The highest nitrogen dioxide (NO2) value was observed in the traffic station during the 
spring season. However, the traffic station is probably not a very good indicator of the sensitivity of air 
quality in meteorology, because it is too much affected by local sources. 
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1. Introduction 

Human and plant health in general and living conditions depend deeply 
on air quality conditions, which have an impact on the overall environment 
[1], which can be divided into two parts. The first part is the direct effect 
through the absorption and dispersion of sunlight and infrared radiation. 
The second part is the indirect effect due to the change in the 
characteristics of the process of intensifying the clouds. Air pollutants are 
emitted from a range of natural and human sources including the burning 
of fossil fuels used in electricity generation, transportation, industry, and 
solvent use such as in the chemical, mining, agriculture, and waste 
treatment industries (Fig. 1). Natural sources, such as volcanic eruptions, 
dust from wind, sea salt spray, and volatile organic compounds (VOC) 
emissions from plants [2]. Reducing these emissions is therefore 
important to improve air quality.  

At the global level, air quality standards (AQS) were identified for air 
pollutants, such as nitrogen dioxide (NO2), particulate matter (PM10) and 
ozone (O3). Several studies have reported the impact of climate patterns 
on the incidence of particulate and ozone pollution [3-7]. Similar studies 
for Northwest Europe were conducted by Buchholz [8], which showed that 
mixed-weather weather systems are associated with better air quality 
than other weather systems such as anti-hurricanes, Portugal by Russo [9]. 

The weather regime is defined as a continuous and/or recurring pattern 
in the atmosphere, which is associated with specific climate conditions on 
a regional scale. Circulation regimes represent an important dynamical 
feature of many non-linear models of the atmospheric circulation. It has 
been observed that weather patterns have a tendency to repeat 
themselves from time to time [10]. In recent years, several studies have 
focused on the classification of weather systems associated with air 
pollution and the impact of North Atlantic oscillations (NAO) on air quality. 
[11]. Christoudias et al. found that a strong anti-correlation between the 
NAO phase and the concentrations of pollutant gases in Western and 
Central Europe. It has been found that climate change towards NAO higher 
or lower has the potential to significantly influence urban air pollution in 
northwestern Europe, and thus the possibility of achieving air quality 
standards, even if emissions remain constant [12-14]. Several previous 
studies have been examined the impact of atmospheric circulation 

patterns on the concentration of air pollution in different countries, such 
as in Turkey [15,16], Australia [17], United State [18], China [19], Taiwan 
[20],  Southern Poland [21], Northeast Portugal [22], UK [23], Iberia [24], 
and Malaysia [25-27]. In general, weather systems with higher daily 
rainfall rates lead to better air quality than dried air masses due to the low 
PM10 contribution to the air quality index [28-31]. Zhong et al. [32] 
reported that the interaction between pollutant emissions and elementary 
meteorological conditions affects the fluctuation of PM2.5 concentrations in 
Beijing. Barros et al. [33] and Carvallo et al. [34] have suggested that air 
quality systems are generally similar in the northern and southern regions 
of Portugal considered except for spring and autumn PM10. 
 

 
Fig. 1 The main sources of air pollution 
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In this work, through the analysis of observed air pollution levels as a 
function of weather types, we attempt to find the answer to, What are the 
typical weather types resulting in high pollution levels in Europe?; What 
are the differences between ozone, nitrogen dioxide, and particulate 
matter?; How different are results when using different classification 
types?; What is a suitable number of weather types in the classification?; 
Are there differences among urban, suburban and traffic stations?. 
 

2. Experimental Methods 

2.1 Data Collection, Sources and Standard  

The air pollutant data has been collected from three air pollution 
monitoring stations in Berlin during the period January 1990 - December 
2002 for the species O3 (hourly), NO2 (hourly) and PM10 (daily). These 
stations are a traffic station, which symbolized by (DEBE014), an urban 
station (DEBE034) and a sub-urban station (DEBE051). The weather 
regime maps are produced manually using COST733 scripts, dataset and 
software [35]. The European standards and the World Health Organization 
(WHO) guidelines are summarized in Table 1. The given data apply over 
different periods of time because the observed health impacts associated 
with the various pollutants occur over different exposure times. 
 
2.2 COST 733 - Action 

       It started in the year 2005 within the Earth System Science and 
Environmental Management (ESSEM), and it is freely available to use [36]. 
The main objective of COST 733 (Fig. 2) is to achieve a general numerical 
method for assessing, comparing and classifying typical weather regimes 
in Europe [37]. The objective of COST 733 is to achieve a general numerical 
method for assessing, comparing and classifying typical weather regimes 
in Europe. 
 
Table 1 The EU standards and the WHO guidelines.   
 

Pollutant Averaging 

period 

Nature 

concentration 

level 

Comments WHO 

concentration 

level 

𝑃𝑀10 One day Limit value is 50 

µgm-3 

Not to be exceeded 

on more than 35 

days per year.  

50 µgm-3 

𝑂3 8 - hour 

mean 

Target value is 

120 µgm-3 

Not to be exceeded 

on more than 35 

days per year, 

averaged over three 

years. 

100 µgm-3 

𝑁𝑂2 One hour Limit value is 

200 µgm-3 

Not to be exceeded 

on more than 18 

times a calendar  

year. 

200 µgm-3 

Source: The EU Air Quality Directive (2008/50/EC), WHO 2006 

 

 
Fig. 2 COST 733 – Action spatial domains 

 
2.3 Weather Types Classification Methods 

Classification have a long history in meteorology and climatology. In the 
past, they were used mainly for weather forecasting. Recently, the usage 
of classifications has increased due to the advances in computational 
infrastructures and technology. Their application plays a vital role in the 
field of statistical climatology. The main objective of classifications is to 
translate multi-variate information given on the metrical scale in an input 
dataset. Clustering is defined as the process of dividing a given data into 
groups in such a way that patterns grouped together are more 
similar/closer than patterns in other groups. Cluster methods vary 

according to data pre-processing. In this work, for the analysis, we used 
the optimization algorithm methods. These methods including KMN (K-
Means), PCA (Principal Component Analysis), CAP method, CKM (CK 
Means), PXK (PCA XtrKm), SAN (Sandra) and SOM method, which well 
described in many previous studies such as [18,36]. The purpose of the 
optimization method is to make an arrangement for a set of objects, such 
as the daily pressure maps, within clusters in such a way that a certain 
function is optimized. Among those mentioned methods the SOM method 
was used to analyze our results, and then compared the results obtained 
by the CAP method. 

 
2.4 SOM and CAP Cluster Methods  

The SOM method is a type of artificial neural network developed by 
Teuvo Kohonen, Academy of Finland [38]. Amongst cluster techniques, 
SOM is unique in that it generates two-dimensional grid with similar 
patterns nearby and dissimilar patterns widely separated. It describes a 
way to arrange types defined by their features in a structure where similar 
types are adjacent to each other. The aim of SOM is to reduce a large 
amount of data into a small number of representative patterns that 
capture a large fraction of the variability with spatial patterns that be 
similar to the observed data. Where the CAP method is a combination of 
PCA and KMN methods. CAP method is a two-stage procedure that 
contains the PCA method, which is responsible to derive the dominant 
patterns of variability, and KMN method that classify time series of the 
principal components.  

 
2.5 Linking between Weather Regime and Air Quality 

First, box plots were built, and then from these plots weather regimes 
(WR) were defined that favor a certain type of pollution (e.g. WR1 favors 
ozone pollution because ozone concentrations are the highest under 
weather conditions associated with WR 1). Afterward, weather maps 
produced with cluster methods and analyzed to check results and see if 
weather conditions associated with the selected WR could sustain polluted 
conditions. Fig. 3 describes how weather regime and air quality are linked 
together. 
 

 
Fig. 3 Link between weather regime and air quality 

 

3. Results and Discussion 

3.1 Photochemical Ozone Smog O3   

Ozone (O3) is a colorless and toxic gas. It is produced in the presence of 
intensive solar radiation through a photochemical process from precursor 
substances such as nitrogen oxides and volatile organic compounds. 
Surface ozone is harmful to humans, plants and the environment. High 
daily concentrations risk can reduce pulmonary function and result in lung 
diseases. The box plots (Fig. 4) show the highest concentrations of ozone 
in the suburban station, and weather regime mean sea level pressure maps 
(MSLP) at the annual and summer scales for both SOM and CAP methods. 

SOM: The highest median is 94 μgm−3 associated with weather type 1. 
The highest max value is 269 μgm−3 associated with weather type 1. CAP: 
The highest median is 94 μgm−3 associated with weather type 1. The 
highest max value is 269 μgm−3 associated with weather type 1. 
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Fig. 4 Daily ozone concentrations and weather regime type in the annual scale for 
SOM and CAP methods 

 
The box plots in Fig. 5 show the highest concentration during summer 

for both methods. Details obtained from the boxplots are: SOM: The 
highest median is 120  μgm−3 associated with weather type 1. The highest 
max value is 269  μgm−3  associated with weather type 1. CAP:  The highest 
median is 109  μgm−3 associated with weather type 6. The highest max 
value is 269  μgm−3 associated with weather type 1. 
 

 
Fig. 5 Daily ozone concentrations and weather regime type in the summer season for 
SOM and CAP methods 

 
Figs. 6 and 7 show similar weather regime maps at the annual and 

summer scales that produced by SOM and CAP methods. The maps show 
that Berlin is in the transition region between two anti-cyclonic systems 
(over the Atlantic Ocean and Russia). Thus, generally fair weather, low 
cloud cover and calm winds can be expected in this synoptic configuration. 
These factors may enhance photochemical ozone production and 
accumulation from day to day (because of slow removal by transport). 
 

 
Fig. 6 Annual weather regime type 1 for both SOM and CAP methods 

 

 
Fig. 7 Summer weather regime type 1 for SOM and CAP methods 

 

 
Fig. 8 PM10 concentrations in the urban station at the annual scale for both SOM and 
CAP methods 

 
3.2 Aerosol Smog PM10  

Aerosol smog (PM10) comprises the mass of all particles contained in 
total suspended particulates with an aerodynamic diameter of less than 10 

µm. It is caused by human activity as a result of industrial processes, or it 
can be of natural origin such as dust. Health studies have shown a 
measurable reduction in life expectancy with increasing particulate matter 
concentrations. The box plots Fig. 8 show the highest concentrations in the 
urban station at the annual scales for both SOM and CAP methods. 

SOM: The highest median is 31.75  μgm−3 associated with weather type 
7. The highest max value is 260.71 μgm−3  associated with weather type 7. 
CAP: The highest median is 34.17 μgm−3  associated with weather type 9. 
Highest max value is 260.71 μgm−3 associated with weather type 9.  

From the Fig. 9, the following observations were obtained. SOM: The 
highest median is 37.48  μgm−3 associated with weather type 4. The 
highest max value is 260.71  μgm−3 associated with weather type 7. CAP: 
The highest median is 33.38  μgm−3 associated with weather type 9. 
Highest max value is 260.71  μgm−3 associated with weather type 9. 

 

 
Fig. 9 PM10 concentrations in the urban station in winter for both SOM and CAP 
methods 

 
The weather regime MSLP maps (Figs. 10 and 11) in the urban station 

at the annual and winter scales are similar for both maps produced by SOM 
and CAP methods. 
 

 
Fig. 10 Weather regime maps at the annual scale for both maps produced by SOM 
and CAP methods 

 

 
Fig. 11 Winter weather regime maps are Similar to the annual maps. 

 
   Results obtained show that Berlin is under the Russian high-pressure 

system, which extends Central and Northern Europe. This factor enhances 
the possibility of PM10 accumulation. 

 
3.3 Nitrogen Dioxide Smog NO2 

The main sources of nitrogen oxides (NO2) smog are combustion 
processes in the industrial and energy production sectors and road 
transport. It is responsible for summertime ozone production in 
conjunction with hydrocarbons. In wintertime, ammonium nitrate 
particles are formed from nitrogen oxides and contribute to the pollution 
by particulate matter. It is a health risk as a result of high concentrations 
affect the respiratory function.  
 

 
Fig. 12 The annual scale for both SOM and CAP. 
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The box plots in Fig. 12 show the highest concentrations and weather 
regime MSLP maps in the traffic station at the annual scale for SOM and 
CAP methods. SOM: The highest median is 90  μgm−3 associated with 
weather type 2. The highest max value is 274  μgm−3 associated with 
weather type 5. CAP:  The highest median is 89  μgm−3 associated with 
weather type 1. The highest max value is 274  μgm−3 associated with 
weather type 1. 

The box plots of Fig. 13 show the highest concentrations and weather 
regime MSLP maps in the traffic station at the spring scale for SOM and 
CAP methods. SOM: The highest median is 102  μgm−3 associated with 
weather type 1. The highest max value is 274 μgm−3 associated with 
weather type 5. CAP: The highest median is 102 μgm−3 associated with 
weather type 4. The highest max value is 274  μgm−3 associated with 
weather type 1. The traffic station is probably not a very good indicator of 
the sensitivity of air quality in meteorology, because it is too much affected 
by local sources.   

 

 
Fig. 13 Spring for both SOM and CAP 

 
The results for the urban station show similar highest concentration 

and weather regime types during winter for both cluster methods. The 
similar weather regime maps for both two methods show that Berlin is 
under a weak pressure that extends from the Atlantic Ocean to Russia. This 
factor enhances the possibility of NO2 accumulation. 
 

4. Conclusion  

The study showed similarity results when comparing the boxplots and 
weather regime maps by SOM09 method and CAP09 cluster method. It 
observed that the concentration of the air pollutants over Berlin city for 
the urban, suburban and traffic stations as follows: In the case of ozone 
(O3), the highest concentrations were observed during summer, connected 
preferentially to weather regime 1. Same for all methods and station types 
(urban, suburban and traffic). Also, in the case of PM10, highest 
concentrations have been observed during winter and autumn connected 
preferentially to weather regime 7 (SOM), and 9 (CAP) for all stations and 
highest concentrations observed during spring connected preferentially to 
weather regime 4 in urban and traffic stations. In addition to that, in the 
case of NO2, for traffic station, highest concentrations found during spring, 
connected preferentially to weather regimes 5 and 1 (SOM and CAP), 
autumn associated with weather type 8 and winter associated with 
weather types 4 and 6 (SOM and CAP). For urban stations, the highest 
concentrations were identified during winter are connected preferentially 
to weather regimes 7 and 9 (SOM and CAP). 
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