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DEL AIRE MEDIANTE EL EMPLEO DE METODOS ESTADISTICOS
MULTIVARIANTES

ABSTRACT:

Two multivariate statistical methods (principal component
analysis and cluster analysis) have been used in this work to
assess potential redundancies in stations and measurements
of the air quality monitoring network of the Regién de Murcia
(Spain). The results show that there are no redundancies, not
even in areas with more stations than required by the
legislation. This highlights that current criteria for assigning

stations to a particular area (based on population numbers)
must be complemented with criteria that consider, among
others, its industrial or touristic activity. The described
methodology is applicable to other existing networks.

Keywords: monitoring networks, redundancies, principal
component analysis, cluster analysis

1. INTRODUCTION

RESUMEN:

En este trabajo se emplean dos métodos estadisticos multivariantes
(andlisis de componentes principales y andlisis cluster) para obtener
informacién sobre posibles redundancias en las estaciones y en las
medidas de la calidad del aire de la red de vigilancia ambiental de la
Region de Murcia (Espafia). Los resultados muestran que no existen
redundancias en la red, incluso en aquellas zonas en las que hay mas
estaciones que las requeridas por la legislacion. Esto pone de manifiesto
que los criterios de asignacion de estaciones de vigilancia actuales,
basados en el nimero de habitantes de una determinada zona o
aglomeracién, deben complementarse con criterios de otro tipo que
consideren, entre otros, la actividad industrial o turistica de la misma. La
metodologia expuesta es aplicable a otras redes de vigilancia existentes.

Palabras clave: redes de vigilancia atmosférica, redundancias, analisis
de componentes principales, analisis cluster

Directive 2008/50/EC of 21% May 2008 on ambient air quality and a cleaner air for Europe establishes in its Annex V
the minimum number of fixed measurements to monitor and control the air quality in a zone or agglomeration as a
function of its population.

Multivariate statistical techniques can be defined as a group of statistical methods that aim at analysing
simultaneously data sets where there are multiple variables for each individual or object studied. This is the case of
the data collected by air quality monitoring stations: in each station, different pollutants are measured and
measurements are obtained every few seconds or minutes. Principal component analysis (PCA) is probably the most
used multivariate statistical tool in the field of environmental pollution. Particularly, in air quality, it has been used
many times to determine the origin of the pollution [1]-[5] and to optimise the number and location of air monitoring
stations [6]-[13]. However, it has been detected that in most cases, it is applied to pollutants individually. As already
mentioned, the usual practice is to measure several pollutants in each monitoring station so that pollutants share
networks. In this regards, in order to know if a network is oversized, it is important to carry out the statistical analysis
with all the pollutants measured at the same time. Only two studies have been found that proceed in this way [14],
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[15] and, in none of them, a comparison between the results obtained and the requirement of Directive 2008/50/EC
has been carried out.

This work is aimed at showing the usefulness of two multivariate statistical methods (PCA and Cluster analysis (CA))
to detect both redundancies in the stations that take part in an air quality monitoring network and to establish similar
behaviour patterns of regulated pollutants. The methodology has been applied to the Air Quality Monitoring Network
of the Regidn de Murcia (AQMNRM), but it is easily applied to any other network. Moreover, the suitability of
Directive 2008/50/EC criteria to assign the minimum number of monitoring stations in an agglomeration or zone is
also discussed based on the results obtained by PCA.

2. TOOLS Y METHODS

2.1. STUDY AREA

The Region de Murcia is divided into 6 homogeneous zones for air quality management purposes (Figure 1),
regarding their geographical characteristics, the environmental and human activities taking place and their main type
of pollution [16]. The zones Norte, Centro and Litoral — Mar Menor have a great ecological value with an important
farming, livestock and medium-size industrial activity. Murcia Ciudad area is typically urban, whereas Valle de
Escombreras is an industrial area. Cartagena is an area both urban and industrial. Currently, there are 8 fixed
monitoring stations and 2 mobile stations distributed throughout the 6 zones. All the zones have one fixed monitoring
station except for Valle de Escombreras and Murcia Ciudad that have two of them. In this study, only the fixed
monitoring stations will be considered.

Regién de Murcia
Zonificacion

Fig. 1: Zones and agglomerations of the AQMNRM [16]. Yellow dots represent the fixed air monitoring stations.
Norte area (Caravaca), Centro area (Lorca), Murcia Ciudad area (San Basilio and Alcantarilla), Litoral-Mar Menor
area (Aljorra), Cartagena area (Mompean) and Valle de Escombreras area (Escombreras and Alumbres).
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2.2. DATA ANALYSIS AND STATISTICS

2.2.1. Data collection

Data used in this study are publicly available on the website of air quality of Comunidad Auténoma de la Regién de
Murcia (https://singlair.carm.es/calidadaire/).

2.2.2. R programming language
All the calculations performed in this work have been done using the R software [17].

2.2.3. Principal component analysis (PCA)

The main idea of PCA is to reduce the dimensionality of a data set which contains a number of interrelated variables
while maximizing the variability of the principal components (PC’s). These PC’s are not correlated and some of them
retain most of the variability present in the original variables [18]. PCA aims to represent the original data in a new
orthogonal space of functions that represent the principal modes of variability of the system. The modes of variation
are the empirical orthogonal functions (EFOs) and they are related to the eigenvectors of the correlation or covariance
matrix of the original data. The projections of the original data on these functions are called principal components,
whose main characteristic is the lack of correlation among them [19], [20].

There are different criteria to select the optimal number of principal components. In this work the Kaiser and the
percentage of explained variability (which should be higher than 0,8 or 0,9) criteria are used.

2.2.4. Cluster Analysis (CA)

Cluster analysis (CA) aims at grouping elements in homogeneous groups based on a similarity measure. CA
methods can be divided into hierarchical and non-hierarchical methods. Among the hierarchical ones, the most used is
the Ward method, which is the one used in this study. This popular method starts with an only member in a group and
continues clustering in groups of two elements in each step until only one group is formed after n-1 steps. The
criterion to choose the pair of clustered groups in each step is as follows: among all the possible combinations to
cluster groups in pairs, the pair chosen is the one minimizing the squared sum of the distances between the elements
and their respective groups. The results of a CA are usually shown through a tree plot or a dendrogram.

2.3. METHODOLOGY

PCA and CA have been applied to determine common emission patterns of regulated atmospheric pollutants and to
study potential information redundancies in the monitoring stations. All the stations of the AQMNRM with data of
nitric oxide (NO), nitrogen dioxide (NO,), sulfur dioxide (SO,), ozone (O3) and particulate matter < 10 um (PM) for
the years 2010-2015 were considered. This is the time period with data of all pollutants in all stations, with the
following exceptions:

1. Escombreras station, where O; is not measured. To avoid removing this station from the analysis, a second
study was performed focused on the area of Campo de Cartagena, that comprises the stations of Aljorra,
Alumbres, Mompeéan and Valle de Escombreras.

2. Caravaca station (Norte area), where SO, is not measured. This station has not been considered in any of the
two studies carried out.
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In Table 1 the two sets of data used are shown.

Aljorra

Aljorra

Alumbres Alumbres
Mompeén Mompeén
Alcantarilla Escombreras
San Basilio
Lorca

monitoring stations.

Table 1. Data sets used to evaluate atmospheric pollutant emission patterns and the potential redundancy of

For each station and pollutant, daily average concentrations in the studied years were downloaded. Subsequently,
annual mean concentrations were obtained and, finally, a global mean for the whole period for each pollutant and
station was calculated. The global means are considered to be representative of the time period studied due to the low
values of standard deviation obtained (shown in the next section).

3. RESULTS

3.1. GLOBAL MEANS OF POLLUTANTS CONCENTRATION

The global means for each pollutant concentration and each station are presented in Table 2

Aljorra 5,37 (1,04) 13,40 (3,23) 6,52 (0,91) 62,24 (9,66) | 28,83 (1,65)
Alumbres 4,52 (1,24) 15,67 (2,78) 12,38 (3,08) | 66,95 (4,95)| 23,25(0,94)
Mompean 10,48 (1,32) 26,18 (3,82) 9,29 (1,87) 54,03 (7,75) | 24,86 (1,93)
San Basilio 20,10 (2,82) 39,34 (4,97) 5,97 (1,63) 50,66 (3,98) | 31,85 (3,56)
Alcantarilla| 11,63 (3,12) 26,19 (3,47) 4,69 (1,68) 59,41 (2,01) | 24,24 (1,67)
Lorca 3,66 (1,21) 12,97 (2,24) 7,62 (1,57) 76,02 (9,74) | 25,82 (2,67)
(a)
| saon | No [ No, | so, [ Pwmy |
Aljorra 5,37(1,04) | 13,40(3,23)| 6,52(0,91) | 28,83 (1,65)
Alumbres 452 (1,24) | 15,67 (2,78)| 12,38(3,08) | 23,25 (0,94)
Mompean 10,48 (1,32) | 26,18(3,82) | 9,29 (1,97) | 24,86 (1,93)
Escombreras 8,72 (2,29) | 21,32(4,20)| 14,49(2,10)| 24,68 (2,32)
(b)

Table 2. Global means (ug/m®) of pollutant concentrations of stations in Study 1 (a) and stations in Study 2 (b).
Standard deviations in brackets.
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3.2. PCARESULTS
3.2.1. Study1l

The PCA analysis performed with data of Study 1 revealed that two principal components explained at least 87% of
the original data variability. Besides, the Kaiser criterion (standard deviation equal or greater than 1) would confirm
the selection of two components (Table S1). Figure 2 shows the principal components 1 and 2 in terms of pollutants
(Figure 2a) and stations (Figure 2b).

PC1 relates nitrogen oxides (NO and NO,) and compares them with O3 and, to a lesser extent, with SO, and PMyq.
Thus, locations on the right side of Figure 2b (e.g., San Basilio) show the highest concentrations of NO and NO,
compared with the rest, whereas locations on the left side of Figure 2b (e.g., Lorca and Alumbres) show the highest
concentrations of Os.

Regarding principal component 2, its analysis is not so straightforward because it combines variables PMy4, SO, and
Os. Locations at the top of Figure 2b (e.g., Aljorra and Lorca) show the following combination: high values of PMj,
low values of SO, and high values of O3, whereas locations at the bottom of Figure 2b (e.g., Alumbres, Mompean)
show high levels of SO,, low levels of PMy, and relatively high levels of O;. Observing Figure 2 it is inferred that
Alumbres and Aljorra are very opposed stations. The same applies to Lorca and San Basilio.
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Fig. 2: PCA plots for the pollutants (a) and stations (b), for Study 1.

3.2.2. Study 2

Table S2 shows that the accumulated variance is higher than 0,9 for two components. The Kaiser criterion confirms
that two components are enough to explain most of the information contained in the original data. Figure 3 shows the
principal components 1 and 2 in terms of pollutants (Figure 3a) and stations (Figure 3b).

PC1 compares NO, with PMy, thus, locations on the right side of Figure 3b (e.g., Mompeén) present high values of
NO, and low values of PM,,, whereas locations on the left side of Figure 3b (e.g., Aljorra) present high values of
PM;, and low values of NO,.
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PC2 compares NO with SO,, thus, locations at the top of Figure 3b (e.g., Mompean, Aljorra) show high values of
NO and low values of SO,, whereas locations at the bottom of Figure 3b (e.g., Alumbres) show low values of NO and

high values of SO,.

Analysing Figures 3a and 3b it can be inferred that Mompean and Aljorra are very opposed locations. Alumbres and
Valle de Escombreras present higher concentrations of SO, while Aljorra presents very high values of PMy,. Further,
Mompean presents high values of NO and NO.,.

©
© ° ) Mom'peén
e NO =
< PM10
S °
N
NO2z w | Aljorra
o~ o
8
o |
o
N S | 8 ©
Y T o
~ 2 | Escombreras
3 o
S :
< e |
3 i
© | ° © | °
Q so2 i Alumbres
T T T T T T T T T I
0.6 0.4 0.2 0.0 0.2 04 0.6 -2 -1 0 1
PC1l PC1
(a) (b)

Fig. 3: PCA plots for the pollutants (a) and stations (b), for Study 2.

3.3. CARESULTS
3.3.1. Study1l

Dendrogram of Figure 4a shows two or three differentiated groups, depending on the rescaled distance considered.
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Fig. 4: Dendrogram for study 1 (a) and study 2 (b).

The dendrogram corresponds to PC1 of the PCA analysis in previous sections, where San Basilio forms an only
group, specially due to its high ratio NOx/O; compared with the rest of locations. As we move towards the right side
of the dendrogram this ratio decreases.
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3.3.2. Study 2

Dendrogram of Figure 4b represents the data for study 2. The number of selected clusters in this case is again
between two and three. As it can be observed, Escombreras and Mompean are in one side of the dendrogram while
Aljorra is in the opposite. Alumbres would stay in the middle of both groups although in the same branch as Mompean
and Escombreras.

4. DISCUSSION

As it can be seen in Figures 2b and 3b, all the stations of the AQMNRM and the ones in Campo de Cartagena,
according to the first two principal components, are relatively spread. There are no groups of stations too close in any
case. This shows that, despite being some stations geographically close, these do not detect the same concentrations of
pollutants, so it can be concluded that there are no redundancies in the network or an excessive number of stations in
certain areas. The number of stations considered in the Study 1 (7) coincides with the minimum number of stations
according to Directive 2008/50/EC as a function of the number of inhabitants of each area. However, it is worth
remembering that Caravaca has not been taken into account in the analysis. Thus, the AQMNRM has one more
station than the required by law. A more complete analysis would require data of SO, in Caravaca to check if this
station is redundant with other stations in the network. In any case, the population criterion to determine the minimum
number of stations in an area should be complemented with others that consider, among others, the existence of an
important industrial network or touristic activity. In this regard, in the area of Valle de Escombreras, according to the
legislation only one monitoring station is needed; however, the PCA has revealed that the measurements in Alumbres
and Escombreras are not redundant.

For both studies (1 and 2), it is shown that the pollutants measured have different sources, with the exception of NO
and NO,, that appear relatively close in the PCA plots. These two species come primarily from road traffic and,
although NO is emitted in higher proportion than NO,, the former is rapidly oxidized to NO, in contact with ambient
air. Regarding SO,, although part of it comes from traffic, it can also be emitted in industrial activities involving
combustion of fossil fuels. This is the case of Valle de Escombreras area, where apart from many chemical industries,
there is one of the biggest petrol refineries of the country, and it has the highest levels of SO, in our Region. PMy, is
partially emitted by road traffic but it has also a natural origin, as the typical intrusions of Saharan dust that often
affect the Region. Lastly, O3 is a secondary pollutant with formation dynamics different from the rest of pollutants
measured. As it was seen in the Study 1, the PC1 shows that O3 concentrations are opposed to the nitrogen oxides
ones, which is reasonable as the former generates from the latter.

The CA has revealed that the stations of Study 1 can be classified into three big groups; one of them with the only
station of San Basilio; another one with Mompean and Alcantarilla; and a third one with Alumbres, Aljorra and
Lorca, according to the ratio NO, / O; Regarding the Study 2, among 2 and 3 groups are observed, in this case
according to the ratio NO, / PMy,. On the one hand, there is Aljorra station; on the other hand, Mompean and
Escombreras; and, in between them, Alumbres. Although the stations that form each group have similar
characteristics, the PCA has revealed that in no case there are redundancies.

4. CONCLUSIONS

It has been shown after applying PCA and CA that there are no redundancies in the information provided by the
studied stations, so that all of them are necessary to completely characterize the air quality of the Region de Murcia.
This fact highlights that it is important to consider other criteria such as an important industrial presence to assign the
number of fixed stations in a zone, as it is the case of Valle de Escombreras area where, according to its population,
only one station is required by law. Thus, it can be concluded that, in occasions, the number of monitoring stations
specified in the legislation can be insufficient to completely characterize the air quality of an area.

Moreover, the PCA has revealed that, with the exception of NO and NO,, that share the same emission sources, the
origin of the rest of pollutants measured is diverse, so there are no groups of pollutants in this regard. Therefore, it can
be concluded that, apart from being compulsory, it is necessary to measure all of the regulated pollutants in the Region
de Murcia.
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It is worth mentioning that it would be very interesting to carry out further studies where potential redundancies
were investigated as a function of the season of the year, so that meteorological variables, that may influence the
results, were taken into account.
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