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In the last years photochemical pollution has been recognised as a critical environmental problem. Summer smog episodes occar
over large parts of Burope and also in the North of Italy high ozone concentrations are measured. A working group is
investigaling the ozone distribulion and estimating the contribution of breeze circulations tansport 10 the actual ozong levels
measured in the territories of the provinces of Miken, Bergamo, Yarese and Como in the Nodhemn laly. In this paper the
principals results of this outstanding study are presented. Times series of ozone concenirations measured in the last years by the
four provincial air polintion nesworks, including 18 monitoring sites, have been analysed by comparing trends and frequency of
exceedences of air quality standard limiss. Moreover a statistical analysis has been made to evaduate similarity among measured
0Zone Concenirations in termns of levels and temporal variability (frequency and peaks distribution, daily shape ete. ). This study
covers the sumrmer period from June 1o September 1992 and vses the measured 1-h ozone concentrations in two different test
cases. The first case considers day-time ozone daia (9.00-20.00); the second one inciudes also night thme ozone data (0.00-24.00),
The method developed is hased on hierarchical Cluster Analyses techaiques. Bvery group has beea well characterized by an
averaged hourly concentration and relative viniance. The statistical analyses has shown & summer time gradient of surface ozone
concentrations going from South to North of the area under study and intercsting similarities among monlioring siies in the day
time maximum peak occurence.

Wind fGeld and the typical breeze circulations Bave been described on the base of measured data and on gridded wind fields
simulated by vsing a mesoscale meteoroiogical model, CSUMM. Principal ground-level wind circulation has been pointed out;
the next phase of the study, which concemns the backward trajectories analysis, will investigate this phencmenon thoroughly.

1L INTRODUCTION

3 THE AREA OF STUDY
High levels of photochemical smog have becn poinied out
by a more and more developed air quality moniloring
network, Particularly critical episodes ocowr in regions
exposed to high insolation, downwingd o highly urbanized
towns, intense sources of precursors: oxides of nitrogen,
primarily from astomobile and industrial emissions, and
hydrocarbons, Ozone and precursors can be trunsported up
to hundreds of miles downstream from urban sowrces and
persist on the order of hours to days. In some instances this
transport is nearly the sole cause of the exceedances of the
state wohient ozone alr quality standard in downwind

The asea of study is Tocated in a basin of approximately 156
% 120 Km and includes the territories of the provinces of
Bergame, Como, Milano and Varese, Al the northern side
Alps Mountains are the physical barrier betweea linky and
Switzerland, The iopography of the study area is complex,
the altitude increases from 30 m to 3000 m above sea level
going from South to North. Moreover numerous valleys
cross the basin: the Valtellina 0 the North, along Bast -
West direction; the Po river valley w the South, and the
Ticino river valley i the West. The area comprehends also

areas, far from precursors sources, Then photochemical
phenomena require 10 be studied on mesoscale basin,

To investigate the ozone disteibution on the wesiem
territorics of Lombardia region, located in the Nonth of
Italy, a working group has been established during sumuner
1993, The final aim of the work i$ to characterize the
impact on ozone levels and the contribute to exceedances in
downwind areas, in the north of the domain under study, of
precursors emitted in the densely urbanized wpwind areas
located in Milan and surrcundings,

many lukes. The chief ones are the Lake of Como, the
Lake Maggiore, and the Lake of Lugano, The most
inhahited areas are located in the South, around the city of
Milan, where numerous industrial plants are concentrated,
Going from South o the North, inhabitants and industries
density decreases.
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Figure 1: Topography of the study ares. The domain i3
150x 125 km and alitede isopleths are contoured at 100,
300, 900, 1800 and 2500 m above sea level,

3. TYPICAL WIND FIELDS

Alps mouniains surrounding the area {o the North are the
physical bariers that protect the regional under study by
the intense circulations becoming from Europe and from
Medilerranean Sea. Only with the presence of  great
pressure gradients between the two opposite sides alr flows
can overpass the orographic obstacle, generating the typicad
phenomena of the “Fochn”, a strong dry wind coming
down from the Alps to the plain. During summer period
the weather conditions are characierized by mountain-
valley circulations. These circolations are due o ihe
iemperature discontinuities between mounlains and the
lowland plains, in the southern regions. The typical breeze
circplations tend o come from Sowh during daytime
{valley breeze) and from North during the night (mountain
breeze). Moreover, on local scale, inside the nemerous
valleys, ciculations generated by altmetric  gradient
prevail over mesoscale breezes, Calms or weak circulations
characierize wind ficld in the southern region of the area,
in the province of Milan, ccourting approximately 80% of
the days in the cold seagon and approximately 40% during
summer.

Figure 2 presenis the wind figld pattern in the laie
afternoon  derived  from  measures  al  meleoiclogical
monitoring sites of the provinclal networks. Bt is evident
the typical flow of the valley bieeze: winds are directed
from South o North. The anemological field near Milan is
affected by “urban heat island” effect. In fact the wind
blowing to the city is rotated in relation to the cily centre
and tends to sestle in it original direction once they have
passed the city limits. Wind field in PreAlps and Alps blow
along the principal valley's axes. For example it iy evident

the flow along the Lake of Como, turning @ the right, in
the Morth, towards Valieliing valley.
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Fizure 2: Typical breszs circulations in summer time in
the iaie afteraoon

Figure 3 shows the wind vector field calculated by
CALMET {diagnostic metcorological model; Scire, 1990)
on the baze of measures of monitoring sites and the vector
fislds generated by CSUMM, a tridimensional prognostic
meteorological model, developed by the Colorado State
University (Kessler, 1989, After a detailed sensidvity
analysis, the model CSUMM has been used In the study
area. For the wind field calculation a numerical grid of
50550 grid points was used. A horizontal grid spacing of
2.5 km was apphed. The figure is referred to the
anemological field at the same time of figure 2, in the late
afternoon. Comparing the fiow patterns qualitatively, it
could be evidenced that the caleulated wind field follows
the measured one both In intensity and in direction.

4. DATA ANALYSILS
4.1 Description of the measurements sifes

The study area is monitored by four provincial air quality
networks, In  particular, orxone is measwred in 18
monitoring sites, UV absorption photometric analysers are
used for the messurement of ambient levels at all
considered sites, except for the station of Bergamo Opsis,
where a DU0.AS. {Differential  Optical  Absorption
Spectroscopy) technique is used,

Monitoring sites are lnked 10 a data lelemetry system
which aliows the tansmission of results over telephone
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lines, w a computerized network control centre, one for
cach of the fowr provinces. Data are also validated and
processed hefore the subsequent public dissemination via
press and TV,
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Figure 3: Surface wingd field computed by CALMET and
CSUMM at the late afternoon during summer Gine.

The stations are located in very diffcrent areas. Some
stations are placed in densely urbanized centres. Other sites
are in suburban locations. Two stations may be congidered
rural (Marenna and Varese Vidoletil). One of the sites is
located in wrban park, in the city of Saronno {in the
Province of Varese). Angther one is situated in the
countryside, but near a chemical plant (Limite, East of
Milan)., Some new locations of monitoring network, not vet
currently operating, will be placed in sites remote from
areas of intense primary pollutant emissions.

4.2 Ozone measurements

The air quality standard ozone value defined from liglian
laws is 200 ug/m’ as hourly averaged conceniration, not o
be vverpassed more than once in a monih.

In the stady area  frequent exceedings of  this imit occur
during summer time. A summary of guideline exceedences
covering all monitoring sites and 1992 and 1993 vears is
provided in table 1. Table 2 shows monthly averaged
concenirations. It should be noted that the minimam values
are measured in the urban stations, located i Milan and
the other towns of the study area (Bergame, Legnano,
Como, Leceo, Corsico, Busio). Obviously, the higher values
are regisiored in rural stations. Moreover, i s evident that,
generally, there is an increasing trend from South 1o the
North, probably related to wansport of ozone and its
precursors by the breeze circulation discussed before, This

gradient will be more evident from the applications of the
cluster analysis, 1o the detailed study of spatial variations.
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Figure 4. Ozone monitoring neswork

Droring surmmer fGme, the typical divrnal pattern presents
maximuin values one - two hours after the time of  higher
temperatures and insolation.

STATION June duly August Beptamber
E952 1 1993 | 1992 | 1993 | 1952 | 1903 | 1992 1 1493
B33, Giorgio | 0 Y Z 0 it 3 0 0
RG Opsis NAC 20 P NAG] 13 ] NMA 16 | NA. il
Como Centro 0 G & G [} 1 i O
Leceo g 1} 0 0 G G 0 o
Merate {3 O & 3 0 P 0 0
Yarenaa 3 28 7 21 53 8 2 0
M Juvara 0 4 jé] a 2 4] 0
MI Verziere 0 MLA 0 0 O 0 0 0
[egnano 0 ¢l o 3 0 O 1] 0
Ifonza O 0 H 4} 3 7 g 0
Corsice 2 0 0 0 0 0 0 ¢
Cinisello { MN.A. ] 1] 8 8 2 0
Limito 0 3 7 3 5 8 G [
VA Artistico i MN.A. | 18 | NA 4 N.A. 0 N.A
VA Vidoletti 19 | NA] 102 I NAL] 20 | NA. 4 N.A.
Sarenmno s} MA. D 20§ NA. 9 MN.A, i N.A.
Busto A Pal. 1 N.A. 0 DNLA. 0 M.A. 0 MN.A.
Busiv A, Mag. | O N.A, 8 WA 10 | DAL G N.A.
Galiarate Q N.AL i3 | BAL 4 N.A. 0 MN.A.

Table I: Ozone puideline exceedences (200 pg/m3) in
1992 and 1993 (NA: not available).




STATION June July August Beptember
10027 1993 1592 10931 1942] 1993 | 1992 1993
BG S, Giorgio ki) 47 48 52 54 82 18 23
BG Opsis MoAL 92 TNAGL 92 I MAL D3 MAL 4B
Como Centro 23 32 19 38 38 55 iz N.&,
fecco 25 47 41 45 58 83 30 30
tlerate 31 40 41 46 33 57 20 19
Varenna 66 G40 106 | 8% 1127 94 66 45
Wi Juvara 30 39 34 42 1 47 33 23 14
M1 Verziers 36 1 NAL] 32 43 47 43 25 19
1.egnano MN.A] 32 39 37 31 46 20 12
blonza 28 45 41 44 4% 1 63 28 18
[Corsico 38 29 7 28 33 43 18 12
Cinisello 38 T MNACE 34 | MAL 50 801 20 16
Limito M.A L 66 653 8% § T2 1 U5 34 37
VA Artistico 86 71 73 TP MaA U7 0 35
VA, Vidolettt 95 P MAL 138 99} 119 103 75 62
Saronno 49 83 84 | NA L 67 85 35 31
[3usto A. Pal. 30§ 47 54 | M.AL 34 58 28 17
Busto A, bag. 4% 55 a7 55 74 73 ig 0
Gallarate 50 RES 87 39 91 1) 37 8

Table 2: Monthly averaged 1-h concentrations 1993 (NA:
not available}.

5. CLUSTER ANALYSIS
5.1 The method

The determination of shmilarities among monitoring sites
in terms of temporal trends and spatial variation has been
deepened by cluster analysis application. The objective of
the method is o group the data units into clusier such that
members within & cluster have a high degree of association
among themselves while the cluster are relatively distinct
from one ancther. The similarity among members is
established by a distance function, characterized by
peculiar analytical properties. The association measuses
may be used 10 construct a similarity matrix describing the
strengih of all pairwise relationships among the eniities in
the data sct. The higraschical clustering methods operaie on
this similarity matrix in an agglomerative way, At the
heginning each group consists of exactly one entity; at any
subsequent stage the two closest clusters are merged and
the similarity between the new cluster and any other group
is calculated. The cascade of merges continues until afl the
objects belong 10 a unigue group. The sequence of unions
is described by a tree-diagram, that shows the associations
compitted at any step, and the distance at which they occur.
Once a iee is consiructed  For M objects, analyst may
choose from as many as N sets of clusters, looking for the
optimal location for each of the objects and the linal cluster
assignment in which the discordance between the objects in
each cluster is mininized. Each cluster is described by 3
representative of all the elements, chosen according 1o the
type of distance function considered (cluster ceniroid).

Tn this work the cluster analysis objecis are the 13
monitoring sites. The variables are all homogeneous and
are constituted by the hourly averaged ozone concentiations
measured at the different locations. The objective of the
study is 1o guantify the similarities among monitoring sites
in terms of concenfrations levels and temporal trends. So
the Euclidian distance and the correlation facior have been
respeciively chosen as similarity function. In fact, the
Buclidian distance permits 10 point out the similarities from
a guantitative point of view, while the cosrelation factor
allows 0 focalize similarities among temporal  trend
phases.

The analysis has been appled o the months rom Juse w
September 1992 and to the week 28.07.1993 - 04.08.1993.
For every period, two different temporal series have been
sindied: the {irst one includes the hourly concentrations
measured during all the day {100 am.-12.00 p.m.), while
the second one just only those measured duning day-time
period (9,00 am.-08.00 pan.). The choice of the day-tine
temporal interval permits 1o avoid the influence of the
nighi-time  concentrations, focalizing on the nsolated
hours, when peaks of ozone occur, The sslected week has
been chosen {or the elevated concentrations measured in
those days.

The clustering algorithim wvsed is the Complete Linkage,
that on the base of preliminary tests is resulied the best
method compared with the other ones {Average Linkage,
Single Linkage, Centroid Method, Ward Method)
{Lavecchia, 1992, The nomber of clusters has been
determined by tree-diagram analysis and the study of the
within variance. Every group has been characierized by
some representative parameters: numbers of elements;
monihly averaged concentrations: infernal group variance;
cenirpids Dzone concentrations.

5.3 Results

The application of the cluster analysis has shown similar
resulis congidering the daily period (06.00- 24.00) and day-
time one (08.00-20.00). In both cases the identification of
four or five clusters has allow o characierize groups as in
terms of homogeneity of members as in terms of differences
among clusiers. The comparison of results relative w©
different monihs has shown different values, but similar
partitions of e sations. In particuler the spatial
distribution of members belonging fo each group cvidences
in the study area the following regions:
s southern region iacludes the province of Milan, of
Bergamo and the South of the province of Comao;
e intermediate region inclodes the southern and the
preaipine territories of the province of Varese;
e porthera tegion comprehends the high province of
Warese and the high province of Comao.

In reality this classification is more complex, as it will be
described in the following part of the paragraph. The
presence of infense NOx emission sources, as highly wallic
street, or the existence of parks located near the monitoring
sites can swongly influence measured data. 5o, in these
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cases, the location of the monitoring sies may be less
ynportant.

The comparison of ¢iusters included into the three regions
points out an increasing gradient of czone concentratons
going from the South to the North,

Similar results are obtained for the 1993 week, The
analysis has been extended to 22 monitoring stations,
mciuding 4 located in Swiizeriand, on the border of Tialy.
The resulis of clustering for this weck are reporied in tble
3 and in figures 5 and 6. Codes included in table 3 vefer o
figure 4, while the codes CH.. are referred to Swilzerland
stations. Five clusters have been identified. The number of
objects varies for the different clusters, from ong 10 seven,
The mternal variance is obviously O for one-clement cluster
but it is very similar for the other groups, about 20 - 25
ng/m’ . The cluster with the lower ozone concentration {54
;lg;’m3} groups the stations located in Milan, Como and
Leceo towns, near dense traffic streets. Not much higher
values characterize members belonging to cluster 4,
referred {0 stations located in the South of study area. The
final 3 clusters show the most elevate values, respectively
92, 97, 139 ug/m®, The three clusier group the stations
lncated in the north of the study area, excepled for e
stations of Sarcone and of Limito, The fizst one is Iocated
in a park, in the intermediate region of study. The second,
on the contrary, is located in the countryside surrounding
Milan, but near a chemical plant. Moreover, it is evident
that Switzerland sites belong 1o the same group that
inchudes also Italian stations out of the border at the same
fatitnde. In figure 5 are reporied the ozone concentrations
compuied for the centroids of the 5 clusters. The
differences are well underined, above all during daytime.
Morcover s night peak is well chamcterized in every
clusier, even i in different hours. The nature of such a
peak ks nowadays not well understood, even if possible
cauges are relpted w0 horizonisl advection, due 1o the
change in the breeze direction in nightime from North to
South or vertical transport in roposphere, deriving from
aloft atmospheric layess. Another possible reason can be
related v the reduced awnospheric mixing height in the
first hours of the morning.

In table 4, and in figures 7 and 8, the cluster including
monitoring sife in terms of similar ozone concentration
emporal trends are shown, for the partition with a
correlation facior of 0.8 in each group. Seven groups have
been identified, four with only one element, &t is confirmed
the tendency of grouping according to the spatial location:
south-east stations belong 0 one group, while north-west
stations helong to another. Also the stations located in the
Milan area are included in only one cluster. Tt must be
noted that in this case the station of Lunio (088) groups
with the other stations of Milan, Morcover the Saronno
station (903} is jointed with the group comprehending the
other stations belonging 1o the same area.

6, CONCLUSIONS

The first step of the rescarch was a  descriptive
characierization of photochemical smog in Lombardia

region, North of Italy, which suffers of high ozone
conceniTations during sunmertime.,

cluster | objects | interazl | concentr. stations
number | variance | {(ug/m”) codes
1 1 0.0 139 503
2 2 20.2 a7 905 088
3 6 252 92 902 008 CH1
CH2 CH3
CH4
4 7 233 T4 (01 005 015
086 907 906
913
5 8 237 54 003 002 014
(74 085 006

Table 3: The resuits of clustering for the weck 28.07
(4.08.1993 in terms of ozone concentration levels
{euclidian distance).

cluster ahjects stations codes
number
] i 061
2 i D02
3 i 003
4 9 005 905 014 202 915 907 903
CH2 CH4
3 3 (08 CHi CH3
5 ] 906
7 6 006 D85 15 086 088 074

Table 4: The results of clustering for the week 2807 -
(4.08.1993 in temins of ozone concentration temporal
frends (correlation factor),

Particular  attention  regarded the study of summer
angmological figlds, responsible of ovone and precursors
wranspori phenomena. The mesoscale mount-valley breezes,
which dominate in high pressure conditions due 1o the
persistence of Azores Anticyclone on Europe, cause
wansports of ozone from the northern mountains duting the
night and of precursors from the fat uibanized area o the
North. A mathematical model was successfully applied 1o
reproduce intensity and direction of wind breezes. More
cfforts are to be spent to include the effects of local
circulations related to the presence of mountains, lakes,
river valleys and towns.

The values and spatal diswibution of ozone  in ths
aerological basin were statisticaily analysed in relation fo
anemological fields, sources locations and alitude. A
gradient of ozone concentration exists along the sounth-
north direction, corresponding to the decreasing of the
inhabitants, affic and factories densities and fo the
geopraphy, Three areas can be considered homogeneous
relative 10 the hourly ozone concentrations: the southem
and northern zones differ in the frequency and intensity of
the guideline overcomes and m the daily shape of the
trends {different noctumal and divrnal peak hours, high or
fow nighi-time concentrations); the intermediate arez




presents both the tendencies according to the rural or urban
nature of the monitoring siles,

The next efforts of the research will concern the ohjective
characterization and numerical computation of the
gransport trajectories and the study of the cause-etfect
relationships among ozone, precursors and meteorology. To
collect more significant data, some new moeniioring stations
were installed and the mobile labomtores were jocated in
mountain and rural sites during the 1994 and 1995
summers. The analysis of these data will improve the
overail knowledge about the sccondary pollution in the
Lombardia aerological basin.
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Figure 5. Cluster Analysis (Euclidean Distance): groups composition relative to hourly ozone concentrations in the
weekly period 28/07/93 - 4/08/93
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Figure 6. Cluster Analysis (Euclidean Distance): groups centroids relaiive to hourly ozone concentrations in the
weekly period 28/7/93 - 4/08/93
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Figure 7. Cluster Analysis (Correlation Factor): groups composition relative to temporal ozone concentrazions trends
in the weekly period 28/07/93 - 4/08/93
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Figure 8. Cluster Analysis (Correlation Factor): groups centroids relative to temporal ozone concentrazions trends in
the weekly period 28/07/93 - 4/08/93
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