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Abstract

In this paper we discuss air quality assessment in three Italian,
German and Polish regions using the index methodology proposed in
Bruno and Cocchi (2002, 2007). This analysis focuses first on the lo-
cal air quality situation of each considered country and then adopts a
more general approach with a comparing purpose in terms of pollution
severity and toxicity. This is interesting in a global European perspec-
tive where all countries are commonly involved in assessing air quality
and taking proper measures for improving it. In this context, air qual-
ity indexes result to be a powerful data-driven tool which are easily
calculated and summarize a complex phenomenon, such as air pollu-
tion, in promptly understandable indicators. In particular, the main
objective of this work is to evaluate the index performances in dis-
criminating different air pollution patterns. This kind of analysis can
be particularly useful, for example, in the perspective of constructing
an indicator of air pollution.

1 Introduction

Air quality is known to be an important issue for both the governments
and the citizens. On the one hand, the latter are interested in detailed and
timely air quality information regarding their own territory. For example, the
European Environment Agency (2007) gives detailed behavioral hints for high
tropospheric ozone events. On the other hand, for example, the EU member
states have to comply with European and national directives which fix limit
values and alert thresholds for the main pollutants and provide criteria and
reference methods for measuring most of the relevant air pollutants. On
this subject, see the EU Council Directive 1999/30/EC, relating to pollutant
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limit values, and EU Council Directive 1996/62/EC, on ambient air quality
assessment and management.

In this context a simple and effective tool, such as air quality indexes,
is needed for giving timely and easy to communicate information about air
quality, assessing compliance with reference standards and evaluating the ef-
fects of emissions control policies. As a matter of fact, air quality indexes
are easily computed and synthesize multiple and multiscale measurements
in a standardized indicator that provides timely and easily understandable
information. Their use is suggested, for example, by the U.S. Environmen-
tal Protection Agency (EPA) which publishes national guidelines for their
computing and reporting (U.S. EPA, 2003).

Although the European directives define the measurement methods for
various pollutants, there are differences among the national monitoring net-
works in terms of spatial distribution of the various instruments and, hence,
of the monitored pollutants. Moreover, especially with long time series and
trend analysis, network characteristics change both in space and time, thus
giving rise to heterogeneous networks (Fassò et al., 2007).

From the scientific investigation point of view, air quality indexes can
be used for preliminarily as a first step to more complex, possibly model-
based, analysis that aim, for example, at air quality spatio-temporal modeling
and mapping or to evaluate the impact of air pollution exposure on human
health (Bellini et al., 2007; Englert, 2004; Pope, 2000). Moreover, they can
be used as sub-indicators in composite indicators, see e.g. Saisana et al.

(2005) and references therein. Recently Lagona (2005) and Chiu et al. (2007)
have proposed an approach to indexes by means of the latent factors of
a Hidden Markov Model. Although it is a promising approach, simplicity
and interpretability are still under study and we opt here for explicit index
definition.

In this work, we use the BC indexes methodology proposed by Bruno
and Cocchi (2002, 2007) for assessing and comparing air quality in three re-
gions from Italy, Germany and Poland. These countries are known to have
different geo-meteorological characteristics and different population densities
giving also markedly different pollution levels. Hence, it is interesting to
understand at which extent a BC index can point out seasonality and dis-
criminate among different air pollution patterns. In particular, the case of
heterogeneous monitoring networks is discussed with reference to the BC in-
dexes showing which one is preferable for comparing perspectives.
The structure of the work is the following: in Section 2, we present the
considered Italian, German and Polish regions together with some relevant
geographical and anthropic characteristics. Moreover, the monitoring net-
works used in year 2005 are discussed in terms of the spatial distribution
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of stations and pollutants sensors. In Section 3, we introduce the notation
and methodology of BC indexes together with some comments about their
interpretation. The results are given in Section 4, where the obtained index
time series are widely discussed within and between the considered areas.
In particular, focusing on the index performance in terms of the capacity of
discriminating different air pollution situations, we show how the indexes are
related to the monitoring network structure.

2 Data description

The index analysis, referring to year 2005, is performed on the Piedmont and
Lombardy regions in Italy, on the Berlin and Brandenburg states in Germany
and on the Masovian Province in Poland, which are discussed in the following
subsections.

Following the above mentioned European directives, we consider the pol-
lutants listed in Table 1 together with the corresponding standard limit values
and the temporal aggregation functions used for the indexes of Section 3.

The pollutant considered are related with industrial, domestic and traffic
sources. In particular, sulphur dioxide (SO2) is an “old pollutant”as it is
mainly the result of coal burning which has been replaced in most European
countries; nevertheless it is still monitored because its high potential impact
on both humans and the environment.

Nitrogen dioxide (NO2), Carbon monoxide (CO) and benzene are strongly
related with combustion, road traffic and petrol distribution.

Particulate matters with an aerodynamic diameter lower than 10 µm
(PM10) do not include relevant pollution measurements, such as ultrafine
particulate matters (PM2.5 and PM1) which have been proved to be health
risk factors, because of scarce availability for the considered year.

Last but not the least, tropospheric ozone (O3) is a secondary pollutant
produced by reaction between possibly transported nitrogen dioxide, hydro-
carbons and sunlight. It is known to be especially high on sunny hills and
mountains around highly trafficated areas, as in the Italian case, and has a
very skewed distribution and a complex dynamics, see e.g. Fassò and Negri
(2002).

2.1 Italian region

We consider Piedmont and Lombardy regions, covering 49.260 km2 in the
western part of the so called Po Valley, North of Italy, as shown in Figure
1. The considered area stretches for about 300 km in the east-west direction
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Pollutant Measurement unit Temporal aggregation function Standard limit
Benzene mg/m3 Daily average 10 mg/m3

CO µg/m3 Daily max of 8-hours moving averages 10 µg/m3

NO2 µg/m3 Daily maximum 300 µg/m3

PM10 µg/m3 Daily average 50 µg/m3

O3 µg/m3 Daily max of 8-hours moving averages 120 µg/m3

SO2 µg/m3 Daily average 125 µg/m3

Table 1: Information about considered pollutants.

and is surrounded by the Alps on the northern and western sides, by the
Apennines on South and by plain on East. Note that the mountain chains
form a sort of c-shaped barrier that protects the area from the major air
circulation. For this reason, especially during winter, air tends to stagnate
and this leads to pollutant accumulation and observed high air pollution
concentration levels. Moreover, the Po Valley is characterized by the presence
of large and densely populated urban centers and metropolitan areas with a
busy motorways network. The anthropic impact can be related to the density
of the population which amounts to 284 persons per km2 and grows up to
486 persons per km2 if we exclude mountain areas.

The monitoring networks of both regions are managed by the correspond-
ing regional environmental agencies which are responsible for the air quality
monitoring, the public information and data supply. As shown in Table 2,
there are 127 monitoring stations in Lombardy and 72 in Piedmont. More
than 90% of the stations is of urban type, which means that they are located
in commercial and residential zones characterized by high traffic levels.

The network spatial distribution is related more to human risk than pure
spatial coverage. As a result, stations are mainly located in the highly popu-
lated provinces of the two chief towns, that is Milan, with 33% of Lombardy
stations, and Turin, with 42% of Piedmont stations.

Nevertheless, as it can be seen in Figure 1, the network spatial coverage
is good and stations can be found also in plain rural areas and urbanized
alpine valleys. Despite of this, considering the monitored pollutants, Table
3 shows that some are intensively monitored, namely CO and NO2, which
are considered for local acute events, while others less, namely O3 and PM10,
which are sampled mainly on a spatial representative basis, and last benzene
which is scarcely monitored, especially in Lombardy. We term unbalanced
such an heterogeneous network.
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Figure 1: Left side: Piedmont (western, light gray) and Lombardy (eastern,
dark gray) location. Right side: pollutant monitoring network (white stars
for rural stations and black points for urban ones).

Type of Station Piedmont Lombardy Total
Rural 6 12 18
Urban 66 115 181
Total 72 127 199

Table 2: Piedmont and Lombardy monitoring network description according
to the station type.
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Pollutant Piedmont Lombardy Total
Benzene 14 7 21
CO 43 81 124
NO2 63 121 184
PM10 33 46 79
O3 29 57 86
SO2 28 47 75
Total 210 359 569

Table 3: Piedmont and Lombardy pollutant sensors .

2.2 German region

We consider the Berlin-Brandenburg region which is located in the eastern
part of Germany and consists of the Brandenburg federal state and the na-
tional capital Berlin. Its total extension is 30.370 km2 and the population
density is 195.8 persons per km2. If we consider only the Berlin metropolitan
area, whose extension is 891 km2, the population density is 3821 persons per
km2.

Figure 2: Left side: Berlin (dark gray) and Brandenburg (light gray) location.
Right side: pollutant monitoring network (white stars for rural stations and
black points for urban ones).

The Berlin-Brandenburg region is located in the North European Low-
lands which slope North toward the Baltic Sea, with the northern lowlands
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being very flat, below sea-level in parts. Most of the Berlin-Brandenburg re-
gion lies well under 100 meters above sea level with hills hardly reaching 200
meters. South, the Central German Uplands rise a relevant height only far-
away and has no air circulation reduction effect for the Berlin-Brandenburg
region.

Eastward the exterminated North and East European Lowlands do not
prevent Atlantic air circulation and the weather in the Berlin-Brandenburg
region is not stable and predictable. Low and high pressure systems change
quickly. According to the Köppen-Geiger climate classification (Peel et al.,
2007) Berlin and Brandenburg has a temperate/mesothermal climate (Cfb).
The climate is influenced by dry continental air masses from Eastern Eu-
rope and by maritime air masses from the Atlantic. For these reasons the
pollutants do not accumulate in atmosphere for long periods and the con-
centrations are usually moderately low.

For instance the mean annual temperature in 2005 for Berlin is 9.4 ◦C
(48.9 ◦F) and its mean annual precipitation totals 578 millimeters (26.8 in).
The warmest months are June, July, and August, with mean temperatures
of 16.7 to 17.9 ◦C (62.1 to 64.2 ◦F). The coldest are December, January, and
February, with mean temperatures of -0.4 to 1.2 ◦C (31.3 to 34.2 ◦F).

As in the case of Italy, both the Berlin and Brandenburg monitoring net-
works are managed by the respective regional environmental agencies. There
are 41 monitoring stations in the overall region with 18 (43.9%) allocated in
Berlin and 23 (56.1%) in the Brandenburg federal state. In the case of Bran-
denburg, there are 3 rural stations, while for the Berlin case 33.3% of the
stations are of the rural type (see Table 4). According to Table 5, both net-
works have a relatively homogeneous pollution coverage except for benzene
which is scarcely monitored.

Type of Station Berlin Brandenburg Total
Rural 6 3 9
Urban 12 20 32
Total 18 23 41

Table 4: Berlin and Brandenburg monitoring network description according
to the station type.

2.3 Polish region

For the comparison study, we selected the central-eastern region of Poland
named Masovian Province, where the capital Warsaw is located. It is the
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Pollutant Berlin Brandenburg Total
Benzene 4 2 6
CO 9 11 20
NO2 14 22 36
PM10 10 21 31
O3 7 19 26
SO2 7 13 20
Total 51 88 139

Table 5: Berlin and Brandenburg pollutant sensors.

largest and most populous province of Poland and occupies 35.598 km2 with
the total population density amounting to 144.3 persons per km2. The Maso-
vian region lies on the eastern part of the North European Lowlands and is
covered by several large forest complexes with a temperate continental cli-
mate. The Köppen-Geiger classification is equal to Dfb. This means that in
comparison to Berlin and Brandenburg the winters are colder and longer. In
summer the temperatures are nearly the same, however, it is more rainy in
the Masovian region. The mean temperature in the year 2005, for instance,
in Warsaw is -2 ◦C (28 ◦F) in January and 18 ◦C (64 ◦F) in July. The annual
rainfall averages 680 millimeters (26.8 in), the most rainy month is being
July.

Figure 3: Left side: Masovian location. Right side: pollutant monitoring
network (white stars for rural stations and black points for urban ones).
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Type of Station Masovian
Rural 1
Urban 20
Total 21

Table 6: Masovian monitoring network description according to the station
type.

Pollutant Masovian
Benzene 2
CO 7
NO2 12
PM10 18
O3 8
SO2 11
Total 58

Table 7: Masovian pollutant sensors.

Air pollution concentrations are examined in agreement with the Reg-
ulation of the Minister of Environment from June 2002 (Government Reg-
ulations and Laws Gazette n 87, item 798). According to the regulations
concerning the national monitoring of the environment (Government Regu-
lations and Laws Gazette n. 112, item 982), measuring data from different
measuring stations and networks can be used for monitoring air quality. Of
the 67 measuring stations working for the air monitoring network 21 had
enough data for year 2005. Table 6 shows that 20 stations are of the urban
type, while there is only one station of the rural type. Moreover, 6 (29%)
stations out of 21 stations are situated in Warsaw. With regard to the mon-
itored pollutants, Table 7 shows the spatial distribution, which is between
the Italian and German ones, and has an high percentage of stations with
PM10 sensors, a low percentage of O3 sensors and the same sensor scarcity
for benzene.

3 BC indexes methodology

Air quality data are defined over three dimensions regarding, respectively,
the temporal (when?), the spatial (where?) and the pollutant (what?) def-
initions. In order to obtain daily air quality index time series, we aggregate
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the elementary data over the three dimensions. As described in Bruno and
Cocchi (2002), after obtaining daily data by means of a temporal synthesis,
it is possible to choose the order for the subsequent aggregations according
to the purposes of the analysis. As our main objective is to compare air
quality between the three regions with reference to health risk, we start by
aggregating first among pollutants, taking the maximum among the stan-
dardized pollutants, and then we aggregate among stations. For aggregating
data which refer to different pollutants we use the natural standardization
procedure given by equation (2) of Bruno and Cocchi (2007), which is based
on the standard limit values of Table 1.

To see this, let Xspdh be the elementary measurement which corresponds
to the concentration of pollutant p = 1, . . . , P , station s = 1, . . . , S, day
d = 1, . . . , D and hour h = 1, . . . , 24. Note that it is not required that each
pollutant is measured in all the S considered stations and that missing values
are allowed. The first step is the temporal aggregation that is transforming
hourly data into daily data Xspd; this is done using the temporal aggregating
functions reported in the third column of Table 1 according to EU Directives.

Then, daily data Xspd are aggregated first by pollutant and then by sta-
tion using the median (m) or the maximum (M) as aggregating function. In
particular, the following BC indexes are computed for each day d

I (SP.MM) = Id (SP.MM) = max
s

[

max
p

(

Xspd

up

)]

(1)

I (SP.mM) = Id (SP.mM) = median
s

[

max
p

(

Xspd

up

)]

(2)

where SP refers to the pollutant-station order of aggregation and up is the
standard limit value of Table 1. Thanks to this, the indexes are defined on
an a-dimensional scale where the unit is the reference value: indexes greater
than one correspond to dangerous situations with exceedings of toxic stuff in
atmosphere; obviously the higher the index value, the greater the level of air
pollution and the greater the health concern.
Index (1), which is named the Maxmax index in the sequel, is given by the
maximum value over stations of the maximum concentrations over pollutants
and makes it possible to determine, for each day, the station corresponding
to the maximum. This can be particularly useful for characterizing critical
stations. On the other hand, index (2) is given by the median among stations
of the maximum pollutant concentrations. It follows that the comparison
between index I (SP.MM) and I (SP.mM) can be used for assessing the
spatial or network variability. As a matter of fact, if index (2) is near index
(1) the spatial median is near to the spatial maximum, which means spatial
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homogeneity, and a severe air quality situation is to be referred to the whole
considered area. On the other hand, if I (SP.MM) differs markedly from
I (SP.mM) then spatial variability is high and the worst situation is related
only to a reduced fraction of stations. So the one’s complement ratio of the
two indexes can be used for computing the following dispersion index

V = Vd = 1 −

Id (SP.mM)

Id (SP.MM)
(3)

which is low in case of spatial or network homogeneity and increases when
the spatial or network variability is higher reaching its maximum, one, when
the median is equal to the maximum.

Other indexes, besides (1) and (2), can be promptly and easily calculated
using quantiles different from the median, for example, the third quartile or
the 90th percentile. Moreover, an useful alternative to indexes (1) and (2)
arises from using the station-pollutant aggregation order which leads to the
following indexes:

I (PS.MM) = Id (PS.MM) = max
p

[

max
s

(

Xspd

up

)]

I (PS.Mm) = Id (PS.Mm) = max
p

[

median
s

(

Xspd

up

)]

(4)

Note that the Maxmax index is invariant with respect to the aggregation
order, so that I (SP.MM) = I (PS.MM), and can be considered as a bench-
mark because it corresponds to the worst air quality situation with respect
to both space and pollutant. Hence, it is possible to use the Maxmax index
for identifying the most severe pollutant for each day, which is also termed
the decisive pollutant by Bruno and Cocchi (2002, 2007). These informa-
tion can eventually be used by the governments in order to highlight which
are the most dangerous pollutants and consequently to propose solution and
programs that should be taken in order to reduce their emissions.

4 Discussion of the results

In this section we discuss the Italian, German and Polish indexes, starting
with the analysis of extreme air pollution events and moving toward median
situations, both in spatial and in toxicity terms. Note that, for making the
results interpretation easier, in each plot the index time series is integrated
or replaced by a Loess curve curve computed using a smoothing parameter
equal to 0.3.
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4.1 Analysis of extreme pollution

For evaluating air pollution extreme values, we plot the Maxmax index of
equation (1) using a different point style according to the pollutant that, at
the last aggregation level, corresponds to the maximum.

Piedmont-Lombardy Berlin-Brandenburg Masovian province
PS.MM 1.91 1.01 1.33
SP.mM 0.47 0.67 0.66
PS.Mm 1.04 0.70 0.78
V 0.72 0.31 0.48

Table 8: Annual average of considered indexes.

4.1.1 Piedmont-Lombardy

With reference to the Italian case, Figure 4 shows that I (PS.MM) is above
unity for almost all the year and, from Table 8, we see that the average level,
being 1.91, is the highest. Moreover, it can be seen that PM10 and O3 are
the most critical pollutants.

During summer, Ozone stands out and its concentration exceeds for three
times the doubled threshold of 120 µg/m3. In the rest of the year PM10

results to be the most dangerous pollutant with toxicity levels that increase
in winter. Note that the smoothed values stay permanently above twice the
standard limit for seven months a year, moreover for 40 days, maximum
daily PM10 concentrations are more than 3 times the limit value. This severe
situation is known in Italy and the local governments, with the declared
objective of reducing emissions, are experimenting some programs, which
range from temporary measures, such as traffic reductions and periodical
blocks, to permanent ones, such as limitations for old cars and incentives for
low emission cars.

Figure 5 gives the distribution of the number of times that each station
results to be the worst. From the underlying analysis it results that Itis

Grassi station, Turin, is the worst station and attains the maximum 48 days
a year. The second worst station is Trezzo d’Adda, East of Milan Province,
with 37 days.

4.1.2 Berlin-Brandenburg

The German case is plotted in Figure 6 and has an average of 1.00 which is
quite lower then the Italian case and the minimum among the three regions
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Figure 4: Italian air quality index Id (PS.MM) according to the decisive
pollutant.
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Figure 6: German air quality index Id (PS.MM) according to the decisive
pollutant.
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Figure 7: Polish air quality index Id (PS.MM) according to the decisive
pollutant.
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considered. The seasonal pattern of the worst pollutant is somewhat similar
to the Italian one, as PM10 and O3 are the worst pollutants in winter and
summer respectively. The smoothed index is mainly between 0.5 and 1.0,
except February and March when it is larger. The station analysis shows that
the worst station is Cottbus, which is located near a traffic centre attaining
the maximum for 90 days out of 365, the second worst station is located in
Berlin. The two daily extreme observations also come from this station: the
first one, as in Italy, is on January 1st and can be explained by the New
Year’s fireworks.

4.1.3 Masovian Province

In Poland the average of the Maxmax index, being 1.33, is intermediate
among the other two regions above. Its seasonal behavior, which is reported
in Figure 7, is similar to the German one as it lacks the summer peak which
is typical of the Italian pattern. Nevertheless, the main incisive pollutant
is almost always PM10 and the seasonality is more pronounced then Berlin-
Brandenburg with marked peaks in autumn and spring. The worst pollution
results are observed in the two stations located in Warsaw, where the maxi-
mum values of the index are respectively measured for 110 and 63 days.

Another consideration regards the role of ozone in Polish data, which,
differently form the other two regions, is scarcely the decisive pollutant, even
in summer. As only eight stations out of 21 are equipped with ozone sensors
this effect may be due to unbalanced network design and will be considered
further in section 4.2.1.

4.1.4 Comparisons

The comparison of extreme pollution for year 2005 in the three regions shows
that they are quite different not only for the yearly average, which is quite
higher in North of Italy and lower in Berlin-Brandenburg, but also for the
seasonal pattern.

In particular, the Italian index is characterized by a strong seasonality
with a larger peak in winter, when PM10 is the main cause of high pollution,
and a secondary peak in summer, when O3 is the main hazard for humans and
environment. On the other side, in the German and Polish regions PM10 has
two different peaks, one in early spring and the other in autumn. Moreover
the summer peak is almost absent for both regions.

The difference in the yearly average is consistent with the general higher
anthropic pressure in the Northern Italian regions which interacts with the
climatic component. As a matter of fact, the difference in the summer peaks
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is enlarged by the difference in solar radiation which amplifies the Italian
ozone summer peak.

Moreover the one-winter-peak pattern in Italy is related to the long pe-
riods of weather stability which are common in December and January and
is different from the North European pattern of Berlin where autumn and
spring are more stable and dryer seasons favoring a moderate pollution ac-
cumulation.

In terms of pollution severity, 96% of year 2005, the Piedmont-Lombardy
index I (PS.MM) exceeded the unit standard limit value, whilst the same
percentage for the German and Polish regions was 68% and 42%. It follows
that in Northern Italy extreme toxic events are more likely to occur and
that in Berlin-Brandenburg we observe the less severe pollution situation.
The Masovian region pollution is intermediate but we have an additional
uncertainty related to a sparser monitoring network.

4.2 Analysis of median pollution

In this section, we consider the use of the two aggregating strategies for the
median indexes of equations (2) and (4) . The first one can be recommended
for balanced networks and its capability of understanding spatial variability
is illustrated. Vice versa, the second one results to be more stable or robust
with respect to unbalanced multisensor network designs.

4.2.1 Spatial median of the worst pollutant

For analyzing the spatial median of the worst pollutant and its temporal dy-
namics, we use index I (SP.mM) of equation (2) together with the dispersion
measure V given by equation (3).

For the Italian case, which is plotted in Figure 8, it results that the index
is always lower than one, with an average given by Table 8, which is the
lowest of the three regions and contradicts the previous section conclusions.
Such a bias follows from the unbalanced design of the Italian network which
has only 79 PM10 sensors out of 199 stations. This network design bias is
also suggested by the high values of spatial, or network, variability index V
which is the highest for the Italian data.

As shown by Figures 9 and 10 and Table 8, the German and Polish data
give lower spatial or network dispersion V , especially for Berlin-Brandenburg.
As a matter of fact, index I (SP.mM) has a behavior which is closer to the
Maxmax index of previous section. Here the average of I (SP.mM) is slightly
lower for Polish data than Berlin-Brandenburg. Once again, we disregard the
result as the dispersion V in Masovian region is quite higher than the German
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data, suggesting that the Masovian network is more unbalanced than the
German one for the I (SP.mM) index.

0.
2

0.
4

0.
6

0.
8

A
ir 

qu
al

ity
 in

de
x

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Italy

0.
5

0.
6

0.
7

0.
8

0.
9

V
ar

ia
bi

lit
y 

in
de

x

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Italy

Figure 8: Italian air quality index Id (SP.mM) (left side) and dispersion
measure Vd (right side).

To reinforce the conclusion that the high values of Italian V are related to
network design rather than genuine spatial variability, we performed the same
analysis for some representative provinces out of the 19 single provinces of
Piedmont-Lombardy. We do not report the detailed figures here for the sake
of brevity, nevertheless the results are essentially the same as the aggregate
level. In particular, we get high values for V even at the province level
confirming the idea of network heterogeneity by design.

4.2.2 Worst median pollutant

The second approach to median pollution is based on the index I (PS.Mm)
of equation (4). As it takes the median among the stations for each pollutant
and then the maximum among the pollutants, it attenuates the dependence
of the index on the network multisensor design.

Looking at Figure 11 and Table 8, it can be seen that, the Italian in-
dex I (PS.Mm), has an average of 1.04 and differs markedly from index
I (SP.mM) both in average and seasonality. On the other hand it has a
seasonal pattern similar to the Maxmax index I (SP.MM) of Figure 4.
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Figure 9: German air quality index Id (SP.mM) (left side) and dispersion
measure Vd (right side).
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Figure 10: Polish air quality index Id (SP.mM) (left side) and dispersion
measure Vd (right side).
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For the German case, Figure 11 shows that there are no remarkable dif-
ferences between I (PS.Mm) and I (SP.mM) neither in the scale nor in the
shape. For the Polish case of Figure 12, instead, it is worth to note that this
index is slightly greater than I (SP.mM) , especially in summer.

Hence, the Maxmax analysis of section 4.1 is confirmed by the median
analysis of index I (PS.Mm). Moreover the latter has to be preferred for
describing the median pollution with respect to I (SP.mM), as it does not
loose information about the average level and the seasonal pattern in case of
unbalanced networks.

4.2.3 Quantile comparisons

The right side of Figure 12 refers to the empirical distribution function of
the worst median pollution index of previous section and can be used for
prompt index comparisons. For example, the severe air pollution condi-
tions of Piedmont-Lombardy results in being for 47.9% of the year above
the limit values; whereas for the other two North European regions, Berlin-
Brandenburg and Masovian Province, this happens for 9.3% and 15.8% of
the year, respectively. This and the non overlapping behavior of the three
distribution functions confirms the fact that the best air quality situation is
referred to the Berlin-Brandenburg area.
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Figure 11: Left side: Italian Id (PS.Mm) index. Right side: German
Id (PS.Mm) index
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Figure 12: Left side: Polish Id (PS.Mm) index. Right side: empirical distri-
bution functions for Id (PS.Mm) .

5 Conclusions

In this work, in the perspective of defining an European common index
methodology, which makes air quality comparable in time and across dif-
ferent countries, we analyzed the behavior of BC indexes for comparing air
pollution in three different European regions.

To see this, we showed how to use the BC indexes for synthetic description
and communication of daily global pollution and for regional comparisons.

Moreover, we highlighted the interplay between the monitoring network
structure and the index behavior. Thanks to this, we showed that the BC
index may be useful to understand the network structure and vice versa,
knowing the network structure gives guidance to the index to be used.

In particular it turns out that the BC index based on the spatial median
of the maximum among pollutants of each station, denoted by I (SP.mM),
may be used for describing and comparing the mean pollution if the network
is balanced. This index may be coupled with a spatial dispersion index for
assessing the between stations variability and the balanced network hypoth-
esis.

Moreover, we showed that two indexes, namely the Maxmax index and
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the worst median pollutant index, which is denoted by I (PS.Mm), are more
robust with respect to network design and can be used to describe and com-
pare different regions. In particular, they highlight various properties of daily
pollution, such as the particular seasonality behavior of Northern Italy, which
is characterized by different pollutants in different seasons and winter and
summer peaks.
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