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SUMMARY 

This paper determines the 13 Péczely’s large-scale 
weather situations over the Carpathian Basin with the lev-
els of the main air pollutants for the winter and summer 
months. Based on the ECMWF data set, daily sea-level 
pressure fields analysed at 00 UTC were prepared for each 
Péczely-type in order to relate their sea-level pressure pat-
terns to the levels of air pollutants in Szeged. The data-
base comprises daily values of 12 meteorological and 8 pol-
lutant parameters for the period 1997-2001. Concentration 
of air pollutants occured exclusively during anticyclonic 
conditions, or anticyclone-ridge situations. Their dispersion 
can be experienced not only during cyclonic, but also anti-
cyclone-ridge weather types. CO, SO2 and TSP were sensi-
tive to Péczely’s weather classification, while NO2/NO, O3 
and O3max were completely insensitive. After all, anticyclonic 
weather types are determinant in winter, while their role in 
classifying concentrations of the air pollutants is less pre-
dominant during summer.  
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INTRODUCTION 

Though levels of some pollutants have already shown 
moderately increasing trends [1, 2], or in some cases, due to 
local regulation policy, decreasing trends [3], air pollution 
remains a global environmental problem until using or-
ganic-based energy sources.  

In Europe, many of air pollution studies, especially for 
Athens, have appeared in the international literature, due 
to its long summers with undisturbed irradiation and calm 
or light breezes. The weather of Athens and the presence of 
mountains to the north of the city, favour the extreme ac- 

 

cumulation of air pollutants [4-10]. In Budapest, according 
to Péczely’s observations [11], air pollution levels tend to 
have peak values during extensive anticyclone events char-
acterized by light easterly breezes prevailing over the city. 
Conversely, air pollution levels are relatively low during the 
prevalence of cyclonic weather systems, characterized by 
strong and turbulent airflow prevailing over the Carpathian 
Basin (Fig. 1), especially when Hungary was in the rear part 
of the cyclone.  

Studies on the relationship between synoptic weather 
conditions and pollution levels are carried out either using 
objective multivariate statistical methods, or subjective clas-
sifications based on the long experience of meteorologists.  

Examples of objective approaches are the works of 
Kalkstein & Corrigan [12], McGregor & Bamzelis [13], and 
Sindosi et al. [14], who classified air mass types (in fact, 
weather types), and then investigated the corresponding 
Main Air Pollutant (MAP) concentrations for regions of the 
US, Birmingham (UK) and Athens (Greece), respectively.  

On the other hand, subjective methodologies were also 
used by several authors producing subjective weather clas-
sifications (e.g. Baur [15], Dzerdzeevski [16], Girs [17], 
Hess & Brezowsky [18], Károssy [19, 20], Kassomenos 
et al. [21-23], Pasquill [24], Péczely [25, 26] and Turner 
[27]). Studies on the topic, however, even in the form of 
papers [12-14] did not completely elaborate the role of 
weather types in classifying air pollutants, and they have 
only partly solved the task. The present study, contrary to 
those, aims at fully detecting the relationships between the 
Péczely’s weather-types and the levels of air pollutants. 
Furthermore, the daily mean pollutant levels were classi-
fied for the first time in the region of the Carpathian Basin 
based on Péczely’s weather-types.  

The aim of the present study was to analyze whether 
the subjective classification system of weather types estab-
lished by Péczely for the Carpathian Basin [25, 26], being  
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FIGURE 1  
Location of the Carpathian Basin (upper large panel), Csongrád county in Hungary (upper panel, low left), Szeged in Csongrád county  
(low left panel) and the urban web of Szeged (low right panel):[a: centre (2-4-storey buildings); b: housing estates with prefabricated  
concrete slabs (5-10-storey buildings); c: detached houses (1-2-storey buildings); d: industrial areas; e: green areas, (1): monitoring station]. 

 
 
 

characteristically over Szeged, Hungary, is suitable for 
classifying air pollution levels. The basis of classifying 
weather types is the position, extension and development 
of cyclones and anticyclones relative to the Carpathian 
Basin considering the daily sea-level pressure maps avail-
able at 00:00 UTC (Universal Time Centre) in the North-
Atlantic–European region [25, 26]. 

 
 
MATERIALS AND METHODS 

Topography and data collection 

The city of Szeged (20°06' E; 46°15' N) is the largest 
town in southeast Hungary, and located at the confluence 
of the Tisza and Maros rivers. It is characterized by an 
extensive flat landscape with an elevation of 79 m a.s.l. 
(Fig. 1). The built-up area covers a region of about 46 km2 

with about 155,000 inhabitants. The climate of Szeged is 
characterized by hot summers and moderately cold win-
ters. The distribution of rainfall is fairly uniform during the 
year. The mean daily summer temperature is 22.4 °C, while 
that of winter is 2.3 °C. Based on the climatological char-
acteristics of the period 1901-1950, the climate of Szeged 
can be considered to be warm-dry [28].  

The air pollution database used consists of 30-min data 
sets for winter [December, January and February (DJF)] 
and summer [June, July and August (JJA)] over the 5-years 
period 1997–2001. Daily values (average diurnal mass con-
centrations) of 6 pollutants [CO (mg⋅m-3); NO (µg⋅m-3), NO2 
(µg⋅m-3), SO2 (µg⋅m-3), O3 (µg⋅m-3) and total suspended par-
ticulates (TSP) (µg⋅m-3)] have been used, together with the 
daily ratios of NO2/NO and the daily maximum concentra-
tions of O3 (µg⋅m-3).  

The air pollution monitoring station is located in down-
town Szeged, at one of the busiest crossroads with heavy 
traffic. A 2-storey building is located at a distance of 10 m 
from the monitoring station, which affects wind and irradi-
ance parameters. Sensors measuring the concentrations of 
air pollutants are placed 3 m above ground surface.  

The meteorological database used consisted of 30-min 
data sets for winter (DJF) and summer (JJA) for the above- 
mentioned 5-years period. Daily values of the meteorologi-
cal parameters were used [mean temperature (Tmean, °C), 
maximum temperature (Tmax, °C), minimum temperature 
(Tmin, °C), daily temperature range (∆T = Tmax – Tmin, °C), 
wind speed (WS, m⋅s-1), relative humidity (RH, %), irradi-
ance (I, MJ⋅m-2⋅day-1), saturation vapor pressure (E, hPa), 
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water vapor pressure (VP, hPa), potential evaporation (PE, 
mm), dew point temperature (Td, °C) and atmospheric pres-
sure (P, hPa)].  

On the basis of daily sea-level pressure fields plotted 
at 00 UTC from the ECMWF (European Centre for Me-
dium-Range Weather Forecasts) Re-Analysis ERA 40 pro-
ject, daily data have been re-analyzed since September 1st, 
1957.  

The investigated area covers the North-Atlantic- Euro-
pean region between 30° N–70.5° N latitudes and 30° W–
45° E longitudes. The grid network was selected with a 
density of 1.5° x 1.5°, which indicates 28 x 51 = 1428 grid 
points for the region.  

 
The Péczely’s large-scale weather situations 

The daily catalogue of the 13 large-scale weather types 
was first determined by Péczely for the period between 
1877- 1956 [25], and later completed by him, till the end of 
1982 [26]. After the death of Péczely in 1984, the daily 
classification of weather types was performed by Károssy 
[19, 20], with the same subjective methodology. The rela-
tion of Péczely’s weather types with air pollution levels 
has already been studied as an application of the Makra-
test [29]. The Makra-test was suitable for detecting whether 
a given individual Péczely type is favourable for signifi-
cant accumulation or dilution of a given pollutant. Never-
theless, comparison of the efficiency of Péczely weather 
types in enriching or weakening pollutant concentrations, 
as an overall analysis of the above object, has not yet been 
performed. For each Péczely’s large-scale weather situa-
tion (Péczely macrosynoptic type), the concentration of the 
main air pollutants in the area of Szeged was calculated in 
order to reveal the possible relationship between the pre-
vailing atmospheric conditions and the spatial distribution 
of mean sea-level pressure fields. Furthermore, when char-
acterizing the Péczely’s large-scale weather types, their 
efficiency was statistically evaluated in grouping pollut-
ant concentrations.  

Péczely defined 13 large-scale weather situations [25], 
selecting and presenting the most characteristic (i.e. typi-
cal) day for each of them. The classification was based on 
the position, extension and development of cyclones and 
anticyclones relative to the Carpathian Basin, considering 
the daily sea-level pressure maps constructed at 00 UTC 
over the North-Atlantic–European region. The daily sea-
level pressure maps, which Péczely used in order to de-
termine his large-scale weather types, have been prepared 
by the Hungarian Meteorological Service.  

The 13 weather types with their typical days are the 
following [25, 26]:  

Types connected with northerly airflow 

Type 1 (mCc): Hungary lies in the rear part of an East-
European cyclone (typical day: 28 August, 1981)  

Type 2 (AB): anticyclone over the British Isles (typical day: 
6 April, 1981)  

Type 3 (CMc): Hungary lies in the rear part of a Mediter-
ranean cyclone (typical day: 17 December, 1981) 
 
Types connected with southerly airflow 
Type 4 (mCw): Hungary lies in the fore-part of a West-
European cyclone (typical day: 20 September, 1981)  
Type 5 (Ae): anticyclone east of Hungary (typical day: 15 
February, 1982)  
Type 6 (CMw): Hungary lies in the fore-part of a Mediter-
ranean cyclone (typical day: 14 January, 1981)  
 
Types connected with westerly airflow 
Type 7 (zC): zonal, cyclonic (typical day: 4 February, 1981)  
Type 8 (Aw): anticyclone extending from the west (typical 
day: 22 August, 1982)  
Type 9 (As): anticyclone south of Hungary (typical day: 
22 November, 1981) 
 
Types connected with easterly airflow 
Type 10 (An): anticyclone north of Hungary (typical day: 
26 February, 1981) 
Type 11 (AF): anticyclone over Fennoscandia region (typi-
cal day: 28 March, 1981) 
 
Types of pressure centres 
Type 12 (A): anticyclone over the Carpathian Basin (typi-
cal day: 14 January, 1982) 
Type 13 (C): cyclone over the Carpathian Basin (typical 
day: 2 January, 1982) 

 
In the present study, the Péczely classification is used 

for each winter and summer day studied during 1997-2001. 
The classification [20] was based on the 00 UTC sea-level 
pressure maps over North Atlantic and Europe, produced by 
the Hungarian Meteorological Service. Afterwards, using 
the ECMWF database, the pressure patterns of the days 
belonging to each of the 13 categories were averaged. Thus, 
mean daily sea-level pressure maps for the 13 Péczely types 
were constructed and used as new basis for further analyses.  

 
Cartographical background 

Maps of the mean sea-level pressure fields belonging 
to the Péczely’s weather types, contrary to those in other 
papers, were prepared by using the database of the ECMWF 
Re-Analysis ERA–40 project, with the help of the standard 
Kriging method and the Surfer 7.00 software for the North-
Atlantic – European region in the examined period. As a 
result, a precise analysis of the macrosynoptic background 
of the 13 Péczely’s weather types was able to be carried 
out. Isobars for an average day, i.e. for an average Péczely-
type, were drawn by using 28 x 51=1428 grid data.  

 
Statistical tests 

In order to decide whether the sea-level pressure fields 
differ significantly from each other, the χ2-test was applied. 
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This method determines whether two random variables are 
independent. According to the null hypothesis, they are not 
independent.  

Péczely determined his 13 large-scale weather types 
on the basis of daily sea-level pressure fields at 00 UTC, 
excluding pollution data. Hence, the differences of the mean 
pollution levels calculated for each Péczely’s large-scale 
weather type need a further statistical evaluation. This was 
performed by the method of one-way analysis of variance 
(ANOVA) for each pollutant. By using this method, sig-
nificant differences in pollutant concentrations in the dif-
ferent Péczely’s weather types can be determined. Finally, 
Tukey’s honestly significant difference test was applied in 
order to compare the mean air pollution levels between each 
pair of the Péczely’s large-scale weather types quantitatively 
(pairwise multiple comparisons) [13, 14].  

All statistical computations were performed with SPSS 
(Version 9.0) software.  

 
 
RESULTS 

χ2-test, independence analysis 

Mean sea-level pressure fields for the 13 Péczely’s 
weather types were compared on the basis of the used grid 
values. In order to decide whether the mean sea-level pres-
sure fields of the 13 Péczely types differ significantly from 
the 13 typical days of the Péczely types, respectively, the 
χ2-test was applied. The null hypothesis implied that there 
is no significant difference between the sea-level pressure 
fields compared.  

In the winter months, the probability of the null hy-
pothesis for each sea-level pressure field pair was 0. This 
means that all the 13 Péczely types differed significantly 

from the corresponding 13 typical days of the Péczely types. 
Furthermore, the mean sea-level pressure fields of all the 
13 Péczely types differed significantly from each other.  

In the summer months, all the 13 Péczely types were 
also found to differ significantly from the corresponding 
13 typical days of the Péczely-types.  

On the other hand, 70.5 % of all the possible pairs of 
the mean sea-level pressure fields of the 13 Péczely-types 
differed significantly from each other. Besides, sea-level 
pressure fields of all the 13 typical days of the Péczely-types 
also differed significantly from each other.  

Péczely characterised his 13 weather types on the sea-
level pressure maps of their typical days. However, our 
analysis concerns mean daily sea-level pressure fields for 
the summer and winter months, between 1997 and 2001. 
According to the above results of this chapter, the sea-level 
pressure fields of all the 13 Péczely types both in winter 
and summer months, were significantly different from those 
belonging to the corresponding typical days of the Péczely 
types. Hence, further climatic analyses of the 13 Péczely 
types for the period indicated are required.  

 
Characteristics of the Péczely’s  
large-scale weather types in winter 

The main characteristics of the 13 Péczely’s weather 
types involving the prevailing ones are shown in Table 1, 
presenting the mean values of their meteorological parame-
ters, as well as those of the corresponding pollution parame-
ters. Considering the basic statistical parameters of the pol-
lutants, the standard deviations from the means for NO2 and 
SO2 are 1.5-fold those of the other pollutants. The highest 
values occurred during anticyclonic (type 12) or anti-cy-
clonic-ridge (types 9 and 10) weather situations. The differ-
ence median average−  in Péczely types remained within the 

 
 
 

TABLE 1 - Mean values of the meteorological and air pollution parameters for the  
days belonging to the 13 Péczely’s weather types, winter months (DJF), 1997-2001. 

Péczely-types 1 2 3 4 5 6 7 8 9 10 11 12 13 
Number of cases (days) 42 35 3 25 65 41 19 67 38 25 8 73 10 
Freqency (%) 9.3 7.8 0.7 5.5 14.4 9.1 4.2 14.9 8.4 5.5 1.8 16.2 2.2 
Tmean (°C) 3.7 0.3 0.8 3.4 4.9 3.1 6.0 2.8 4.1 0.2 -5.0 0.8 4.1 
Tmax (°C) 7.6 2.8 4.9 6.8 3.9 5.4 10.1 6.3 9.7 1.2 -2.4 3.6 5.4 
Tmin (°C) 1.1 -3.3 -3.0 0.1 -2.6 0.7 2.6 -0.9 1.0 -3.9 -7.8 -2.4 0.8 
∆T= Tmax– Tmin, (°C) 6.5 6.1 7.9 6.7 6.4 4.7 7.5 7.2 8.7 5.1 5.4 6.0 4.6 
WS (m s-1) 0.9 0.8 1.2 0.9 0.6 0.9 0.8 0.6 0.6 0.6 0.6 0.4 0.5 
RH (%) 79.6 82.1 83.3 81.3 82.4 81.9 82.1 74.5 77.8 80.8 87.5 77.4 82.2 
I (MJ m-2) 7.5 9.0 14.8 6.7 6.4 4.7 5.0 10.3 9.1 8.8 12.2 8.9 7.4 
E (hPa) 11.1 8.7 9.7 10.8 9.1 10.7 12.9 10.8 11.3 8.7 6.0 9.1 11.5 
VP (hPa) 8.8 7.1 8.4 8.8 7.3 8.8 10.7 7.9 8.7 7.1 5.2 6.9 9.5 
PE (mm) 1.1 0.8 0.8 1.0 0.9 1.0 1.2 1.3 1.3 0.9 0.4 1.0 1.1 
Td (°C) 0.7 -2.2 -1.4 0.7 -2.0 0.5 3.3 -1.2 0.6 -2.7 -6.6 -2.6 1.6 
P (hPa) 1009.1 1025.8 1011.2 1011.7 1026.1 1011.6 1014.7 1023.8 1024.4 1027.5 1026.3 1028.5 1005.2 
CO (µg m-3) 640.2 654.6 521.0 674.1 819.8 723.3 947.5 729.8 1001.0 701.3 743.5 979.2 817.3 
NO (µg m-3) 22.7 22.0 25.9 30.6 27.1 22.0 36.8 29.6 42.2 14.2 10.6 35.1 26.8 
NO2 (µg m-3) 39.2 33.8 38.2 40.1 38.4 34.4 41.1 44.3 49.6 32.8 11.1 46.1 37.6 
NO2/NO 1.7 1.5 1.5 1.3 1.4 1.6 1.1 1.5 1.2 2.3 1.0 1.3 1.4 
O3 (µg m-3) 27.3 28.4 39.7 29.3 24.3 23.9 23.0 24.1 19.0 26.3 22.9 23.0 28.1 
O3max (µg m-3) 47.7 48.3 81.0 45.8 46.7 39.6 46.0 45.5 41.0 43.5 42.5 46.3 41.9 
SO2 (µg m-3) 9.5 11.6 9.1 10.4 12.4 9.5 10.5 12.8 10.0 14.8 22.4 11.4 12.8 
TSP (µg m-3) 38.8 49.0 57.0 39.4 60.6 41.2 55.0 51.4 66.2 50.8 56.7 61.1 44.1 
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FIGURE 2a - Mean sea-level pressure fields belonging to the 13 Péczely’s 

weather types, North-Atlantic – European region (winter months (DJF), 1997-2001). 
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FIGURE 2b - Mean sea-level pressure fields belonging to the 13 Péczely’s  
weather types, North-Atlantic – European region (winter months (DJF), 1997-2001). 

 
 
 

TABLE 2 - ANOVA statistics for the Péczely’s inter–weather type  
comparison of air pollutant concentrations (winter months (DJF), 1997-2001). 

 CO NO NO2 NO2/NO O3 O3max SO2 TSP 

Mean square between groups 633403.69 2019.87 1528.32 351.92 308.07 576.47 156.31 2976.86 
Mean square within groups 135843.81 612.13 240.57 207.28 200.14 513.27 66.85 510.32 
F-Ratio 4.66 3.30 6.35 1.70 1.54 1.12 2.34 5.83 
Level of significance, % 99.00 99.00 99.00 94.00 89.00 66.00 99.00 99.00 

 
 
 

inter-quartile half extent (the interval given by the lower 
quartile and the upper one) for each pollutant. How-ever, 
there are characteristic types for which the mentioned dif-
ference was found beyond the inter-quartile half extent: 
type 4 (CO, NO2/NO, TSP), type 9 (NO2/NO, O3, SO2), 
and type 12 (all pollutants). During clear-sky conditions, the 
levels of each pollutant seemed to increase considerably. 
The mean sea-level pressure distributions belonging to the 
13 Péczely’s weather types are shown in Figs. 2a-b.  

 
ANOVA-statistics for the individual Péczely types: In 

order to determine the influence of the Péczely’s weather 
types on pollutant levels, an analysis of variance (ANOVA) 
was performed on the pollutant parameters. The results 
are shown in Table 2. It can be observed that, except for 
NO2/NO, all the primary pollutants presented significant 
Péczely’s inter–weather type differences in means at the 
99 % probability level. However, for the secondary pol-
lutants, the above differences were significant only at the 

89% (O3) and 66% (O3max) probability levels, respective-
ly. Considering that differences are found among the mean 
levels of the primary pollutants, Tukey’s test was applied 
in order to receive a pairwise multiple assessment of the dif-
ferences.  

 
The statistically significant differences are shown in 

Table 3 at 95 and 99 % probability levels, respectively. It 
can be seen that the pairs of Péczely types 6-9 differed sig-
nificantly for five pollutants (CO, NO, NO2, NO2/NO, TSP) 
of the eight, while the types 6-12 differed substantially for 
four pollutants (CO, NO2, NO2/NO, TSP). Furthermore, 
types 1-9 and 2-9 showed important differences for three 
pollutants (CO, NO, TSP and CO, NO, NO2, respectively) 
(Table 3). Generally, the Péczely types 6 and 9 can be con-
sidered to be the most different ones, since levels of the 
most pollutant pairs showed substantial differences for them 
(Table 3). This can mainly be explained by their different 
sea-level pressure systems. On the one hand, during type 6, 
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the Carpathian Basin lies in the front part of a Mediterra-
nean cyclone. This type induces high wind speed with 
cloudy and rainy weather, which favor dilution of air pol-
lutants. On the other hand, type 9 is an anticyclonic ridge 
situation, when the Carpathian Basin lies under the north-
ern ridge of an extended high pressure system over the Medi-
terranean. In this case, the region is characterized by clear, 
undisturbed weather, which favors extreme accumulations 
of the air pollutants (Figs. 2a-b; Tables 1 and 3). Further-
more, Péczely type 3 seems to be an intermediate type con-

sidering pollution, since it shows no pairwise differences 
(Table 3).  

 
Characteristics of the Péczely’s  
large-scale weather types in summer 

The main characteristics of the 13 Péczely’s large-scale 
weather situations are shown in Table 4, which presents 
the mean values of both their meteorological variables and 
those of the corresponding pollution parameters.  

 
 
 

TABLE 3 - Péczely’s weather type – air pollution difference matrix. Pollutants appearing in the matrix cells indicate significant dif-
ferences in their concentrations between two given Péczely’s weather types according to Tukey’s Honestly Significant Difference Test 
(winter months (DJF; normal characters: 95 % of significance; bold characters: 99 % of significance). 
 

 
 
 

TABLE 4 - Mean values of the meteorological and air pollution parameters for the  
days belonging to the 13 Péczely’s weather types (summer months (JJA), 1997-2001). 

Péczely-types 1 2 3 4 5 6 7 8 9 10 11 12 13 
Number of cases (days) 71 45 5 14 39 16 2 75 20 37 42 62 31 
Freqency (%) 15.5 9.8 1.1 3.1 8.5 3.5 0.4 16.3 4.4 8.1 9.2 13.5 6.6 
Tmean (°C) 21.7 20.8 18.4 22.3 24.8 20.9 22.1 22.6 23.1 23.2 22.2 23.5 20.6 
Tmax (°C) 28.2 25.9 22.3 28.5 31.5 25.3 27.2 27.8 29.8 29.1 27.7 30.5 24.6 
Tmin (°C) 17.3 15.2 15.8 16.4 19.4 16.5 16.2 17.4 16.6 17.7 16.2 17.2 16.2 
∆T= Tmax– Tmin, (°C) 10.9 10.7 6.5 12.1 12.1 8.8 11.0 10.4 13.2 11.4 11.6 13.3 8.4 
WS (m s-1) 1.1 1.0 1.0 0.9 1.0 1.4 1.0 1.0 0.8 0.8 1.0 0.8 1.3 
RH (%) 71.3 65.8 82.3 68.7 64.3 73.3 75.5 68.2 66.3 65.6 66.9 61.2 74.6 
I (MJ m-2) 20.1 25.2 12.3 21.5 21.5 17.6 20.4 22.8 25.7 21.7 22.2 25.9 15.9 
E (hPa) 36.1 34.3 28.9 37.7 44.4 34.5 36.9 38.4 40.0 39.7 37.1 40.8 34.0 
VP (hPa) 25.7 22.5 23.7 25.9 27.7 24.7 27.7 25.9 26.3 25.6 24.5 24.5 24.8 
PE (mm) 4.5 4.8 2.6 5.0 6.5 4.2 4.2 5.2 5.6 5.7 5.1 6.3 4.0 
Td (°C) 16.6 14.5 15.6 16.6 17.9 16.1 18.0 16.7 16.9 16.7 15.9 15.9 16.1 
P (hPa) 1010.7 1018.7 1015.6 1014.0 1017.3 1011.7 1013.8 1016.0 1014.6 1017.2 1016.7 1017.8 1009.1 
CO (µg m-3) 361.5 253.1 390.1 346.8 496.5 296.7 385.9 323.0 354.8 407.3 340.2 392.5 328.9 
NO (µg m-3) 7.3 4.6 7.2 6.7 10.4 5.5 10.3 5.1 8.6 8.7 6.5 8.0 6.4 
NO2 (µg m-3) 27.1 18.7 27.8 25.8 34.9 25.3 36.9 24.1 30.9 26.6 23.8 29.2 25.9 
NO2/NO 3.7 4.1 3.9 3.9 3.4 4.6 3.6 4.7 3.6 3.1 3.7 3.7 4.0 
O3 (µg m-3) 55.5 54.1 58.7 55.7 60.9 53.6 59.0 63.1 57.1 58.2 55.1 63.2 61.8 
O3max (µg m-3) 99.0 94.8 107.7 94.8 105.4 97.4 116.4 106.9 103.6 106.1 102.5 112.0 101.7 
SO2 (µg m-3) 4.5 3.6 3.5 4.3 6.2 2.9 1.9 3.9 6.1 4.4 3.3 5.0 4.1 
TSP (µg m-3) 36.2 33.8 26.3 34.2 50.8 39.1 40.2 36.5 40.6 39.4 39.3 41.5 32.6 
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FIGURE 3a - Mean sea-level pressure fields belonging to the 13 Péczely’s 
weather types, North-Atlantic – European region (summer months (JJA), 1997-2001). 
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Type 13 (C) 

 
FIGURE 3b - Mean sea-level pressure fields belonging to the 13 Péczely’s  

weather types, North-Atlantic – European region (summer months (JJA), 1997-2001). 

 
 
 
Basic statistical parameters of the pollutants were cal-

culated for the summer months, too. Variation coefficients 
for O3 and O3max decreased to half of their values meas-
ured in winter months. Highest values occurred under the 
same large-scale weather types than in winter; namely, 
when an anticyclone (type 12) or anticyclonic ridges (types 
9 and 10) ruled the Carpathian Basin.  

The characteristic types, for which the difference 
median average−  was found beyond the inter-quartile half 

extent, are as follows: type 2 (CO, NO, NO2), type 6 (CO, 
NO2/NO, SO2), type 11 (NO2, O3, SO2), and type 12 (CO, 
NO, NO2, NO2/NO, SO2). This indicates that distribution 
functions of the pollutant concentrations are distorted when 
an anticyclone (type 12) or anticyclonic ridges (types 2 and 
11) control the weather in Carpathian Basin region. The 
only exception is type 6 (a Mediterranean cyclone with its 
centre over the Adriatic Sea influencing the weather of the 
Carpathian Basin), and, namely during these types, the 
means of the samples are not representative for the data sets.  

The mean sea-level pressure distribution over the North- 
Atlantic–European region belonging to the 13 Péczely’s 
large-scale weather types examined and the variation of the 
number of days within the summer season are presented 
in Figs. 3a-b. 

 
ANOVA-statistics for the individual Péczely types: Si-

milarly to winter months, significance of Péczely’s inter-
weather type differences in pollutant levels was determined 
by ANOVA (Table 5). Means of CO, NO, NO2, SO2 and 

TSP present significant Péczely’s inter-weather type differ-
ences at the 99 % probability level, while NO2/NO at the 
97, O3 at the 98, and O3max at the 86% levels, respectively.  

Performing the pairwise comparisons (Tukey’s hon-
estly significant difference tests), the statistically signifi-
cant differences are presented in Table 6 at 95 and 99 % 
probability levels, respectively. There are no two weather 
types for which Péczely’s inter-weather type differences in 
concentrations of all 8 pollutants are significant. Moreover, 
in the summer months, the Péczely types seem not to char-
acterize the classification of air pollutants, as in winter. 
While in the winter months 34.6 % of the pairs of the 
Péczely types indicated significant differences for one or 
more pollutants, in the summer months this value was only 
19.2 %. The highest inter-weather type difference was in-
dicated by five pollutants (CO, NO, NO2, SO2, TSP) for the 
types 2-5 and 5-8, and by four pollutants (CO, NO2, SO2, 
TSP) for types 5-11. Of the total 78 pairs of Péczely types, 
63 pairs (80.8 %) were most similar, since no significant 
differences in the levels among the pollutants can be de-
tected (Figs. 3a-b; Tables 4 and 6).  

Generally, Péczely types 2, 5 and 8 differed mostly 
from the others, since pairwise multiple comparison be-
tween Péczely types 2-5 and 5-8 showed significant dif-
ferences for the levels of 5 of the 8 pollutants examined 
(Table 6). All these 3 types were anticyclonic ridges, and 
their wind speed was the same. However, the lowest lev-
els of pollutants in type 2 can be explained by the relatively 
more intense vertical airflows caused by an unstable at-
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mosphere attributed to the lowest minimum temperature. 
Type 5 was warm and dry with high humidity and clear 
weather, favoring highest air pollutant values, but type 8, 
with its high irradiance and clear weather, was beneficial 
to higher ozone levels (Figs. 3a-b; Tables 4 and 6). 

At the same time, type 7 seemed to be an intermediate 
situation considering pollution, since no pairwise differenc-
es could be detected (Table 6). 

 
 
 

TABLE 5 - ANOVA statistics for the Péczely’s inter–weather type compar-
ison of air pollutant concentrations (summer months (JJA), 1997-2001). 

 CO NO NO2 NO2/NO O3 O3max SO2 TSP 
Mean square between groups 146098.66 116.11 655.43 1904.14 552.24 1128.35 30.98 949.66 
Mean square within groups 25056.82 38.09 133.99 941.22 271.83 760.90 11.47 167.06 
F-Ratio 5.83 3.05 4.89 2.02 2.03 1.48 2.70 5.68 
Level of significance, % 99.00 99.00 99.00 97.00 98.00 86.00 99.00 99.00 

 
 
 
 

TABLE 6 - Péczely’s weather type – air pollution difference matrix. Pollutants appearing in the matrix cells indicate signifi-
cant difference in their concentrations between two given Péczely’s weather types, according to Tukey’s Honestly Significant 
Difference Test (summer months JJA; normal characters: 95 % of significance; bold characters: 99 % of significance). 

 
 
 
DISCUSSION  

This paper has analyzed the levels of air pollutants in 
Szeged, in relation to the sea-level pressure based on the 
subjectively defined Péczely’s weather types over the Car-

pathian Basin. Specific large-scale weather situations both 
for winter and summer months were found to play a sig-
nificant role in the pollutant levels in downtown Szeged. 
Since no ozone parameters showed significant Péczely’s in-
ter-weather type differences in mean concentrations, nei-
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ther in summer nor in winter months, the secondary pol-
lutants were omitted from further consideration.  

The analysis was focused on two extreme seasons, win-
ter and summer, showing the most distinct difference in 
atmospheric circulation over the Carpathian Basin. Based 
on the Péczely’s large-scale weather types, determined daily 
for the 103-years period (1881-1983), in summer the sub-
tropical (Azores) anticyclone of the Atlantic is the most 
dominant of all the circulation types, with 19.5 and 26.5 % 
frequencies, respectively [26]. Northerly airflows are also 
characteristically because of blocking anticyclones. In win-
ter, southerly airflows are the most characteristic ones, fol-
lowed by the westerly ones. In both seasons, anticyclonic 
weather conditions are the most frequent ones over the 
Carpathian Basin, prolonged and enhanced from the basin 
character of the region [26].  

In the winter, the mean sea-level pressure fields of the 
13 Péczely types indicated a more definite difference than 
in summer. This might be explained by the fact that in win-
ter the sea-level pressure patterns were much more charac-
teristically due to higher pressure gradients. Hence, the large- 
scale weather types can be distinguished more clearly. This 
result is in accordance with that received when seasonal 
sea-level pressure maps of objectively defined weather 
types were compared. Nevertheless, it should be noted that 
either in winter or summer, mean sea-level pressure fields 
of the 13 Péczely types determined for the period exam-
ined differed significantly from the 13 typical days of the 
Péczely types, respectively. This means that though a daily 
sea-level pressure map at 00 UTC in the North-Atlantic–
European region can be identified as a given Péczely type, 
it may significantly differ from that of its typical Péczely 
type. This is a deficiency of the procedure and can be at-
tributed to the subjective weather typology. On the other 
hand, an objective classification of weather types may lead 
to similar results [30; 31].  

Results for the winter months revealed that the pri-
mary pollutants appeared with higher concentrations when 
both cloudiness and wind speed were low (Péczely types 
9 and 12; Figs. 2a-b; Tables 1 and 3). This was the case 
when an anticyclone ruled the region south of Hungary in-
fluencing the weather of the country, which corresponded 
to an anticyclonic ridge situation (type 9; Fig. 2a; Tables 1 
and 3), or an anticyclone situation over the Carpathian Basin 
(type 12; Fig. 2b; Tables 1 and 3). Low concentrations of 
primary pollutants were detected when Hungary lied in 
the front part of a Mediterranean cyclone (type 6; Fig. 2a; 
Tables 1 and 3). This type induced high wind speed with 
cloudy and rainy weather, which favored dilution of air 
pollutants. Furthermore, type 6 (12 pairwise differences), 
type 9 (18), type 11 (18) and type 12 (15) were found to be 
the most important large-scale weather types in the cate-
gorisation of pollutant concentrations. Among them, type 
6 [with the most frequent pairwise differences of NO and 
NO2 (3-3 cases)], is a cyclonic weather type, while type 9 
[CO, NO, NO2 (4-4 cases)] and type 11 [NO2 (10 cases), 
SO2 (6 cases)] are anticyclonic ridges, and type 12 [CO (5 

cases)] is an anticyclone centre situation. On the other hand, 
type 3 (with 0 pairwise difference), type 7 (3), type 8 (3) 
and type 13 (1) can be regarded as intermediate situations. 
Hence, their role is negligible in classification of pollutant 
levels (Figs. 2a-b; Tables 1 and 3).  

Results for the summer months indicated that the pri-
mary pollutants showed higher levels when cloudiness was 
low and light breezes occurred (Péczely types 5 and 8; Figs. 
3a-b; Tables 4 and 6). This was the situation, when anticy-
clonic ridges influenced the weather over the Carpathian 
Basin. Namely, during type 5, an anticyclone was found 
with its centre east of the region, while during type 8 an an-
ticyclone from the Azores extended over the Carpathian 
Basin. The lowest concentrations of the primary pollutants 
were connected to type 2, when an anticyclone was found 
with its centre over the British Isles. This is an anticyclonic 
ridge type with relatively low temperature and humidity 
values, undisturbed irradiance and light breezes. This ex-
ample might hint the ambivalent role of anticyclonic ridge 
types in air pollutant levels (Fig. 3a; Tables 4 and 6). Be-
sides, type 1 (6 pairwise differences), type 2 (9), type 4 (10), 
type 5 (25) and type 8 (5) are considered to be the most 
characteristic large-scale weather types in classifying the 
pollutant concentrations. Among them, type 1 [with the 
most frequent pairwise differences of CO and NO2 (2-2 
cases)] and type 4 [TSP (4 cases)] are cyclonic weather 
types, while type 2 [NO2 (3 cases)], type 5 [TSP (9 cases)] 
and type 8 [CO, NO, NO2, SO2, TSP (1-1 case)] are anti-
cyclonic ridge types. On the other hand, type 3 (with 1 pair-
wise difference), type 6 (3), type 7 (0), type 9 (1), type 10 
(2), type 11 (4), type 12 (3) and type 13 (2) can be regarded 
as intermediate situations. Namely, their role is negligible in 
categorising the pollutant levels (Figs. 3a-b; Tables 4 and 6).  

On the basis of the mean values of the air pollutants for 
the days belonging to the 13 Péczely types (Tables 1 and 4), 
and the Péczely’s weather type-air pollution difference 
matrices (Tables 3 and 6), the following characteristics of 
their inter-relationships were observed:  

In winter, types 9, 12 and 11 are the most efficient in 
enriching the air pollutants, while (in decreasing order) 
types 11, 6 and 1 in their dilution. The dubious role of 
type 11 can probably be attributed to the fact that on the 
days belonging to this type substantially different wind 
speeds might occur. In the summer, the role of type 5 is ex-
clusive (78.1 %) in enriching the pollutants, but at the same 
time, types 2, 8, 1 and 11 are the most important in their 
dilution (Table 7).  

During the study period, the number of industries 
around and inside the city, as well as that of cars, have not 
altered substantially, and, therefore, the emissions can be 
considered to be stable. Thus, the findings of this study im-
print relatively well the influence of the atmospheric circu-
lation in the air quality of Szeged. This would not be the 
case, if some large industrial units had started or ceased op-
eration in the neighbouring countries, and thus the long-
range transport of pollutants had modified the pre-existing 
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atmospheric situation in Szeged. However, such great 
changes, according to our knowledge, did not occur during 
the study period.  

On the basis of previous works [30-32], relation of both 
the objectively determined air-mass types and the subjec-
tively defined Péczely’s weather types, on the one hand, 
and pollen grain and chemical pollutant concentrations in 
Szeged, on the other hand, detected that pollen and chemi-
cal pollutant levels can be connected to different pressure 
patterns ruling the region examined.  

When considering pollen release of the species in pol-
lination period, both the objective and subjective weather 
types are partly favourable and partly negligible in classi-
fication of pollen levels. On the other hand, when analys-
ing levels of the chemical pollutants: (1) objective types 
with anticyclonic character are mostly favourable both in 
winter and summer, while those with cyclonic character are 
mostly negligible in winter; (2) Péczely’s anticyclonic types 
in winter are mostly favourable, while cyclonic ones are 
mostly negligible in classification of pollutant levels. At the 
same time, in summer none of them is predominant. Hence, 
while the objective weather types have a significant role, 
the Péczely’s large-scale weather situations cannot be con-
sidered as an overall system in categorization of pollutant 
concentrations. 

Accordingly, to categorize pollen release of the spe-
cies, neither the cyclonic nor the anticyclonic weather types 
show a clear character within objective and subjective 
weather classifications systems. On the other hand, for 
classifying the chemical pollutants, the objective types 
with anticyclonic character are effective in both extreme 
seasons, while the Péczely’s cyclonic and anticyclonic types 
have an emphasized role only in winter, whereas they are 
inefficient in summer.  

When disregarding anticyclonic and cyclonic character 
of the weather types, and taking into account pairwise com-
parisons for each type, efficiency of the pollen-related ob-
jective air mass types seems to be much higher, than that 
of the Péczely’s weather types. Furthermore, efficiency of 
the chemical pollutant-related objective types seems to be 
significant in both seasons, while a substantial decrease can 
be observed for the Péczely’s classification in summer 
months. Hence, the Péczely types seem practically to be 
useless in classifying air pollutants in summer.  

As a result of the above, the objective air mass types 
are more efficient than the Péczely’s weather types in clas-
sifying either biological or chemical air pollutants, and they 
can be used more efficiently in air pollution forecast [30-
34].  

 
 
 

TABLE 7 - Ranking and ratio of the Péczely’s weather types in enrichment/ dilu- 
tion of the air pollutants (%), and air pollutants are considered together, 1997-2001. 

levels of the air pollutants in the pairwise comparisons of the Péczely-types are 
1 enriched 2 diluted 

ranking % ranking % 

Péczely-type  

winter summer winter summer winter summer winter summer 
1 (mCc) 6-10 2-3 2,0 6,3 3 3-4 13,2 12,9 
2 (AB) 6-10 7-13 2,0 0,0 4-5 1 11,3 35,5 

3 (CMc) 12-13 7-13 0,0 0,0 12-13 7-9 0,0 3,2 
4 (mCw) 6-10 7-13 2,0 0,0 4-5 7-9 11,3 3,2 
5 (Ae) 5 1 7,8 78,1 11 10-13 1,9 0,0 

6 (CMw) 4 4-6 9,8 3,1 2 5-6 17,0 6,5 
7 (zC) 12-13 7-13 0,0 0,0 7 10-13 5,7 0,0 
8 (Aw) 6-10 7-13 2,0 0,0 8-10 2 3,8 16,1 
9 (As) 1 4-6 31,4 3,1 8-10 10-13 3,8 0,0 

10 (An) 6-10 4-6 2,0 3,1 6 10-13 7,5 0,0 
11 (AF) 3 7-13 13,7 0,0 1 3-4 20,8 12,9 
12 (A) 2 2-3 25,5 6,3 8-10 7-9 3,8 3,2 
13 (C) 11 7-13 1,8 0,0 12-13 5-6 0,0 6,5 

1(1 = mostly enriched; 13 = least enriched); 2(1 = mostly diluted; 13 = least diluted) 
 
 
 
CONCLUSIONS  

Summarizing the results of the inter-relationships of 
the Péczely’s weather types and daily mean levels of the 
air pollutants, the enrichment of the latter (either in winter 
or summer; either considering the pollutants together or 
separately) occurs exclusively during anticyclone centre or 
anticyclone ridge weather situations. On the other hand, 
their dilution can be experienced not only during cyclonic 
but also anticyclone ridge weather types. Efficiency of the 

objective weather classification, performed for the same 
period, is almost one order of magnitude higher than that 
of the Péczely’s weather types in classifying the air pol-
lutant levels [33, 34]. CO, SO2 and TSP are sensitive to the 
Péczely’s weather classification, while NO2/NO, O3 and 
O3max are completely insensitive.  

 
In winter, anticyclonic types are mostly favourable, 

whereas cyclonic ones are mostly negligible in classifica-
tion of pollutant levels. On the other hand, in summer, none 
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of them are predominant. Hence, although they play a clear 
role in winter, the Péczely’s large-scale weather situations 
cannot be considered as an overall system in categoriza-
tion of pollutant concentrations, as they are especially inef-
ficient in summer. 

 
 
 
ACKNOWLEDGEMENTS 

The authors thank the Department of Analysis and 
Methodology, Hungarian Meteorological Service for pro-
viding the sea-level pressure data for the investigated pe-
riod, Gábor Motika (Environmental Protection Inspector-
ate of Lower-Tisza Region, Szeged, Hungary) for handling 
meteorological and air pollution data, Csaba Károssy (De-
partment of Physical Geography, Berzsenyi Dániel College, 
Szombathely, Hungary) for classifying daily Péczely’s 
large-scale weather situations over the Carpathian Basin for 
the investigated period, and László Haszpra and László 
Horváth (Hungarian Meteorological Service) for valuable 
advice on ozone-related processes. This study was sup-
ported by the EU-6 Scientific Research Project “QUAN-
TIFY” (no. 1942 1K793). 

 
 
 
REFERENCES  

[1] Lin, Z.-S. and Sun, X. (2007) Multi-scale analysis of global 
temperature changes and trend of a drop in temperature in the 
next 20 years. Meteorology and Atmospheric Physics, 95(1-
2), 115-121. 

[2] Struthers. H,, Kreher, K., Austin, J., Schofield, R., Bodeker, 
G., Johnston, P., Shiona, H. and Thomas, A. (2004) Past and 
future simulations of NO2 from a coupled chemistry-climate 
model in comparison with observations. Atmospheric Chem-
istry and Physics, 4, 2227-2239. 

[3] Begum, B.A., Biswas, S.K. and Hopke, P.K. (2006) Tempo-
ral variations and spatial distribution of ambient PM2.2 and 
PM10 concentrations in Dhaka, Bangladesh. Science of the 
Total Environment, 358(1-3): 36-45. 

[4] Kambezidis, H.D., Weidauer, D., Melas, D. and Ulbricht, M. 
(1998) Air quality in the Athens basin during sea breeze and 
non-sea breeze days using laser-remote-sensing technique. 
Atmospheric Environment, 32, 2173-2182. 

[5] Adamopoulos, A.D., Kambezidis, H.D. and Sipsas, A.B. 
(1996) Meteorological factors that influence O3 concentra-
tion in the Athens basin. Fresenius Environmental Bulletin, 
5(1-2), 37-42. 

[6] Adamopoulos, A.D., Kambezidis, H.D. and Sipsas, A.B. 
(1996) Meteorological factors that influence SO2 concentra-
tion in the Athens basin. Fresenius Environmental Bulletin, 
5(5-6), 270-275. 

[7] Adamopoulos, A.D., Kambezidis, H.D. and Sipsas, A.B. 
(1996) Meteorological factors that influence CO concentra-
tion in the Athens basin. Fresenius Environmental Bulletin, 
5(5-6), 351-356. 

[8] Kambezidis, H.D., Tulleken, R., Amanatidis, G.T., Paliatsos, 
A.G. and Asimakopoulos, D.N. (1995) Statistical evaluation 
of selected air pollutants in Athens, Greece. Environmentrics, 
6(4), 349-361. 

[9] Kambezidis, H.D., Adamopoulos, A.D. and Gueymard, C. 
(2001) Total NO2 column amount over Athens, Greece in 
1996–97. Atmospheric Research, 57, 1-8.  

[10] Adamopoulos, A.D., Kambezidis, H.D. and Zevgolis, D. 
(2002) Case studies of total NO2 column in the atmosphere 
of Athens, Greece: Comparison between summer and winter. 
Fresenius Environmental Bulletin, 11, 484-487.  

[11] Péczely, G. (1959) Air pollution of Budapest in different large-
scale weather situations. Időjárás, 63, 19-27. (in Hungarian)  

[12] Kalkstein, L.S. and Corrigan, P. (1986) A synoptic climato-
logical approach for geographical analysis: assessment of sul-
phur dioxide concentrations. Annals of Association of Amer-
ican Geographers, 76, 381-395.  

[13] McGregor, G.R. and Bamzelis, D. (1995) Synoptic typing and 
its application to the investigation of weather – air pollution 
relationships, Birmingham, United Kingdom. Theoretical and 
Applied Climatology, 51, 223-236.  

[14] Sindosi, O.A., Katsoulis, B.D. and Bartzokas, A. (2003) An ob-
jective definition of air mass types affecting Athens, Greece; 
the corresponding atmospheric pressure patterns and air pol-
lution levels. Environmental Technology, 24, 947-962.  

[15] Baur, F. (1963) Großwetterkunde und langfristige Witterungs-
vorhersage. Akademische Verlagsgesellschaft, Frankfurt a.M., 
91pp. (in German) 

[16] Dzerdzeevski, B.L. (1969) Climate epochs in the twentieth cen-
tury and some comments on the analysis of past climates. In: 
Wright, H. W. (ed.) Quaternary geology and climates. Inter-
nAss. Washington, Quoternary Research, 16, 49-60.  

[17] Girs, A.A. (1971) Macrocirculation method for long-term me-
teorological prognosis. Hydrometizdat, Leningrad, 480 p. (in 
Russian) 

[18] Hess, P. and Brezowsky, H. (1977) Katalog der Großwetter-
lagen Europas 1881-1976. 3. verbesserte und ergänzte Aufl.. 
Ber. Dt. Wetterd. 15 (113) (in German) 

[19] Károssy, C.S. (1987) Catalogue of the Péczely’s macrosyn-
optic types (1983-1987). Légkör, 32/3, 28-30. (in Hungarian) 

[20] Károssy, C.S. (2004) Péczely’s macrosynoptic types, 1988-
2003. Manuscript (in Hungarian) 

[21] Kassomenos, P., Flocas, H.A., Skouloudis, A.N., Lykoudis, S., 
Asimakopoulos, V. and Petrakis, M. (1998) Relationship of air 
quality indicators and synoptic scale circulation ant 850 hPa 
over Athens during 1983-1995. Environmental Technology, 
19, 13-24.  

[22] Kassomenos, P., Flocas, H.A., Lykoudis, S. and Petrakis, M. 
(1998b) Analysis of mesoscale patterns in relation to synop-
tic conditions over an urban Mediterranean basin. Theoretical 
and Applied Climatology, 59/3-4, 215-229.  

[23] Kassomenos, P., Gryparis, A., Samoli, E., Katsouyanni, K., 
Lykoudis, S. and Flocas, H.A. (2001) Atmospheric circulation 
types and daily mortality in Athens, Greece. Environmental 
Health Perspectives, 109/6, 591-596.  



© by PSP Volume 16 – No 6. 2007   Fresenius Environmental Bulletin    

673 

[24] Pasquill, F. (1962) Atmospheric diffusion. 1st ed. London: Van 
Nostrand. London, 297 p 

[25] Péczely, G. (1957) Grosswetterlagen in Ungarn. 1st ed. Buda-
pest: Zentralanstalt für Meteorologie. Budapest, 86 p (in Ger-
man) 

[26] Péczely, G. (1983) Catalogue of the macrosynoptic types for 
Hungary (1881-1983). 1st ed. Budapest: Hungarian Meteoro-
logical Service. Budapest, 116 p (in Hungarian) 

[27] Turner, D.B. (1964) A Diffusion Model for an Urban Area. J 
Appl Meteorol, 3, 83-91.  

[28] Péczely, G. (1979) Climatology. Tankönyvkiadó, Budapest, 
336 pp. (in Hungarian) 

[29] Makra, L. (2005) Relation of pollutant concentrations to the 
Peczely's large scale weather situations in Szeged, Southern 
Hungary. Epidemiology, 16/5, S63-S63.  

[30] Makra, L., Mika, J., Bartzokas, A., Béczi, R., Borsos, E. and 
Sümeghy, Z. (2006) An objective classification system of air 
mass types for Szeged, Hungary with special interest to air 
pollution levels. Meteorology and Atmospheric Physics, 92/1-
2, 115-137. 

[31] Makra, L., Juhász, M., Mika, J., Bartzokas, A., Béczi, R. and 
Sümeghy, Z. (2006) An objective classification system of air 
mass types for Szeged, Hungary with special attention to 
plant pollen levels. International Journal of Biometeorology, 
50/6, 403-421.  

[32] Makra, L., Juhász, M., Mika, J., Bartzokas, A., Béczi, R. 
and Sümeghy, Z. (2007) Relationship between the Péczely’s 
large-scale weather types and airborne pollen grain concen-
trations for Szeged, Hungary. Grana, 46/1, 43-56.  

[33] Makra, L. (2006) Comparison of objective air-mass types and 
the Péczely weather types and their ability of classifying air-
borne pollen grain concentrations in Szeged, Hungary. Epi-
demiology, 17(6), 293.  

[34] Makra, L., Mika, J., Bartzokas, A., Béczi, R. and Sümeghy, Z. 
(2007) Comparison of objective air-mass types and the Péczely 
weather types and their ability to classify levels of air pollut-
ants in Szeged, Hungary. International Journal of Environ-
ment and Pollution, “Air Pollution” Special Issue (accepted) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
 
 
 
 
 
 

Received: October 10, 2006 
Revised: December 29, 2006 
Accepted: February 05, 2007 
 
 
CORRESPONDING AUTHOR 

László Makra 

University of Szeged 
Department of Climatology and Landscape Ecology 
P.O.B. 653 
6701 Szeged 
HUNGARY 
 
E-mail: makra@geo.u-szeged.hu 
 

 FEB/ Vol 16/ No 6/ 2007 – pages 660 - 673 


