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Riassunto Il lavoro si inserisce nell’ambito degli studi sugli effetti a breve-termine 
dell'inquinamento atmosferico sulla salute. L’obiettivo è quello di stimare l’associazione tra alcuni 
esiti sanitari e l’inquinamento atmosferico nelle città della regione Emilia-Romagna e valutare se 
sia presente una eterogeneità degli effetti; gli inquinanti analizzati sono il PM10 e l’ozono. 
Nel presente lavoro si considera l’opportunità di condurre le analisi con riferimento a due o tre 
distinte macro aree. Tali aree individuano città omogenee rispetto alla concentrazione di 
inquinanti, alle variabili meteorologiche ma anche ad una serie di altri indicatori dello stato 
demografico, economico e sanitario delle popolazioni di riferimento. Metodi di classificazione 
sono stati quindi applicati al fine di individuare una plausibile suddivisione in aree. 
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1. Introduction 
 
We are interested in estimating short-term effect of air pollution (Schwartz et al. 1996) in 
Emilia-Romagna region using also information on the homogeneity of exposure between 
the cities of this region. 
In order to estimate short term effects of air pollution a careful and valid definition of 
exposure is required. With respect to ecological environmental studies the exposure is 
appropriate when the target population is homogenous enough with respect to the exposure. 
In the metanalysis of the Italian studies on short terms effects of Air Pollution 1996-2002 
(Biggeri et al. 2004), three different measures to evaluate homogeneity of pollution 
exposure within each city are used. These indices are applied to couples of monitors: 
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Pearson correlation coefficient, Lin concordance correlation, Bland Altman correlation 
coefficients (see Biggeri et al 2003 for an application of this measures in the environmental 
epidemiology context). 
In this study we propose to use of these measures between cities instead of within the same 
city. Because we are looking for homogeneous areas we should suppose that pollution 
monitored by a particular station in a particular area reflect the pollution level regarding all 
that area in a day. The residual font of variability is the temporal one, between days. 
The previously considered correlation coefficient could reveal similar behaviour of the 
series (Pearson) but especially give information on the reproducibility of the observed data 
(Lin and Bland Altman): in this way we could evaluate if the two considered series are 
referring to similar level of pollution. 
In this paper, data from the chief cities of Emilia-Romagna region are analysed. We initially 
propose to spit these cities in two areas: the first include the Emilia cities and the second the 
city of Romagna located near coastline. These groups are characterized from different 
climatic conditions that could influence also the pollution level. 
We have performed a cluster analysis using correlations measures and other socio-
demografic variables in order to evaluate the proposed partition.  
In section 2 we briefly describe the available data and methods. In section 3 we report the 
results obtained with the classification procedure.  
 
 
2. Data and methods 
 
The data used in this analysis are based on daily measurements from 1/1/2000 to 
31/12/2002 of PM10, ozone (O3), and meteorological variables (from the Emilia-Romagna 
Regional Agency for Environmental Protection) for the chief town of Emilia-Romagna 
region; ozone are considered only for summer season. Mortality for all natural causes, for 
respiratory causes and cardiovascular causes have been considered (from regional 
registries) 
In order to evaluate the suitability of the proposed partition for the analysed cities we have 
also considered variables regarding the age population structure, socio-economic status and 
use of health services: percentage of elderly people, taxable income estimate and hospital 
admissions for respiratory and cardiac conditions. 
The percentage of elderly people are desumed from ISTAT data and refer to 2002. The 
taxable income was estimated from the “Ministero dell’Economia e delle Finanze” data for 
1999 and hospital admissions are selected from regional archives and are age stratified. 
In order to realize the cluster analysis we have previously performed a multidimensional 
scaling procedure to reduce the dimensionality of the information related to the correlations 
indices applied to pollutant and meteorological data (over one thousand variables).  
These data represent a series of three proximity matrices and could be analysed via an 
individual difference scaling procedure. In this way we would found an underlying space in 
which the objects are uniquely representable. In particular, we suppose that there is a fixed 
set of reference axes in the space such that all different individuals attach differential 
weights to these axes. We refer to an INDSCAL analysis like the one proposed by Carrol 
and Chang (1970). 
The partition obtained is used to study the relationship between health outcome and 
pollution for the Emilia Romagna region. Generalized additive models for Poisson data are 
typically used to model daily mortality, adjusting for non-linear trends using smoothing 
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splines of other semi-parametric approaches, and including smoothed or parametric 
function and lags of meteorological variables and pollution variables.  
City specific estimate could be meta-analysed by an hierarchical model that consider 
also the proposed partition information. As an alternative we could consider the city 
belonging to each partition like a city and estimate a single model for it (Hoek et al. 
2003); the results obtained from each partition could be again considered in a 
subsequent meta-analysis for the entire region (aggregating strategies). With respect to 
this second strategies one important choice regards the synthesis of the different 
measure obtained from the cities: simple or weighted mean, median or choosing a 
representative city.  
In order to evaluate if an aggregation strategies is appropriate we need to detect a 
partition of the cities or evaluate if a proposed one is supported from data. 
 
 
3. Results and concluding remarks 
 
We report in figure 1 the scatterplot of pairwise correlations between monitors of 
different cities obtained for PM10 in two different situations. The first refer to all the 
pairwise comparison among all the cities, the second reports the comparison regarding 
cities that belong to the same area; the lowest coefficients are generally related to cities 
belonging to different areas. Moreover figure 1 do not show situations related to 
missclassification of exposure; these are linked to low values of Lin correlation 
coefficients and low values of Bland Altman coefficients. The best scenario, again, is 
the ones related to the two areas.  
When we consider two areas we eliminate the couple of cities that are related to the less 
homogeneous conditions. 
 
Figure 1: Scatterplot of pairwise correlations between monitors of different cities. 
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Analogous results derive from the analysis of O3, temperature and dew point.  
The INDSCAL solution in two dimensions account for 95%,  92%, 95% and 96% of the 
variance among the dissimilarity matrices for PM10, O3, temperature and humidity 
respectively.  
This new two dimensional space offer also a new way to look at the reciprocal position 
of the different cities that could help us to evaluate the proposed partition, even if we 
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would consider different aspects at the same time. We report the common space 
obtained from the INDSCAL procedure applied to the PM10 dissimilarity matrices. 
 
Figure 2: Two dimensional configuration of the INDSCAL common space 
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A cluster analysis is then performed on the socio-demografic variables and the new 
variables obtained through the INDSCAL procedure, using a partitive method. The 
obtained results partially support the proposed partition in two areas and suggest to 
consider the Bologna city alone.  
The next step is to study the relationship between health outcome and pollution using 
the resulting partition. Preliminary results obtained from the different proposed methods 
show that the different strategies of meta-analysis give coherent results but the ones 
obtained with the aggregating strategies could depend on the used sintesys. 
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