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Abstract The aim of this paper is to briefly illustrate the construction methodology of an index of deprivation. Deprivation is a concept wider than poverty and can be defined as a general lack of resources and possibilities. That’s why we investigate different aspects -or domains- of interest to the citizenship, and that’s why we define the index as an Index of Multiple Deprivation for Sardinia (IDMS). In particular, we studied the following seven domains: income, availability of services, education, health, environment, criminality and employment. The estimation of IDMS poses interesting statistical problems as well as of data collection because the index is estimated using administrative registers, which have their own peculiarities and need suitable estimation methods. For each domain we briefly illustrate the problems faced with data and the statistical methods used. Results for each domain and for the global index are summarized trough cartography.
Abstract L'obiettivo di questo lavoro è illustrare un indice di deprivazione definito secondo diversi aspetti, o domini di interesse per la cittadinanza, da qui il nome di indice di deprivazione multipla per la Sardegna (IDMS). In particolare, consideriamo i seguenti sette domini: reddito, disponibilità di servizi pubblici, istruzione, ambiente, criminalità e occupazione. L'IDMS pone numerosi problemi di stima e altrettanti di raccolta delle basi di dati necessarie. Infatti, ogni dominio è caratterizzato da diverse basi di dati ognuna con le proprie peculiarità che richiedono opportuni metodi di stima. Per ogni dominio si illustrano brevemente le problematiche relative alle basi di dati e modellistica adottata. I risultati sono riportati tramite cartine tematiche.
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1 Introduction
The construction of an index of deprivation is a quite complex process as it requires a team made by different specialists: statisticians, experts of administrative databases as well as sociologists and economists. The construction process leads to a solution that is essentially an agreement between different requirements from the policy maker, which is the main commitment of the study, and the information that can be extracted from the data. In fact, the policy maker is interested in considering all possible aspects of the deprivation, while only a small fraction of them can be effectively evaluated such to guarantee a deprivation index that is viable in the scientific and political community, notwithstanding that the fact that it should be feasible to be updated in the future. In fact, the availability of some dataset can only be sporadic (e.g. not annually available) and this may pose problems for the process of updating. Finally, the source of the data could not be reliable putting doubts about the global index of deprivation. From the statistician's perspective, the methods used to estimate the quantities of interest have to be carefully chosen in order to guarantee consistency and, at the same time, straightforward interpretation of the obtained quantities. This latter is extremely important especially in the initial phase of the discussion of the index into the political community as straightforward interpretation guarantees a certain viability into the policy makers community.

In this paper we discuss some of the most relevant aspects of the construction process and in particular those that are mainly related with the employed statistical methods. As a main guideline for the adopted procedures, we look for a statistical approach mainly based on conditional inference as the Bayesian methods where priors are not subjective but derived from formal rules. In general we employed the idea of providing always point and interval estimations of the relevant quantities.

This paper is essentially organized in two parts: in the first we describe the domains used to build the IDMS as well as the statistical issues involved in each of them, while in the second part we define the global index and comment the main results. The detailed publication of what is exposed here can be found in [4].
2 The seven domains
For each domain we briefly describe the available data (source and time reference) as long as the global index and its interpretation. The base reference territory for the index is the municipality (377 in total) and aggregation at large territory levels (provinces and region) is done either averaging over municipalities or when the data allow by direct estimation of the index over the larger territorial level.
2.1 Income
The index in this domain is just the proportion of families under the absolute poverty threshold, where the family income is retrieved by rent declarations available at the Italian Agency of Taxes for the administrative year 2010. Poverty thresholds depend on family dimension and have been provided by the Italian National Institute of Statistics (ISTAT) for the year 2010. The main problem is that the family dimension can only be partially recovered from the rent declaration and essentially we do not know the dimension of a family that include a retired citizen as his/her declarations are mostly individual. Therefore, for each municipality we have to impute a retired to the available families and or build new families made of retired citizens. The objective of the imputation is to achieve, in each municipality, the distribution of the family dimension nearest to that available at the ISTAT records. As there are almost infinite ways to impute, we consider bootstrap replications [2] of such imputation process and thus the corresponding variability of the poverty index is derived according to the basic percentile method. This procedure is extremely precise for large aggregation of individuals as municipalities because the amount of rent involved by retired citizens is not very important. It becomes problematic when conditioning on a certain number of family members in small municipalities. The most poor municipalities are those in the interior of the island, while the major variability can be observed along the coast.
2.1 Availability of public services
The index is just the estimated probability that citizens of other municipalities employ more time in reaching all the following eight public services: banks, postal offices, police stations, drug stores, schools (elementary, middle, secondary) and medical facilities. Such probability is calculated over a multivariate truncated normal distribution (between 0 and 2 hours driving) where mean and variances are estimated by the method of moments over all municipalities. Data are extracted from Google Maps. The main source of randomness is the important aspects of each service and we therefore bootstrapped the probability over all possible orders of the services. The distribution of the index is estimated over such bootstrap replications. The considered services are almost homogeneously located along the Sardinian island and we do not observe relevant differences among municipalities.
2.2 Education
The index is just the average over the posterior mean of the following proportions of students: suspended, minimal note, admitted to the final exam and left from school. The problem is that the data (provided by MIUR for the scholar year 2010/11). have as statistical unit the school rather than the municipality. Therefore, proportions have been estimated by a hierarchical Bayesian model, similar to the Besag, York and Mollie model [1]. In fact, the performance of students for a municipality that has no schools can be gathered from that of the surrounding municipalities. The variability of the final index is derived from the posterior distribution of the estimated proportions. Students with better performances are mainly located in the interior municipalities rather than along the coast.
2.3 Health
The index, for each municipality, is the average number of deaths for cardiovascular and tumor diseases every 100.000 people cumulated between 2007 and 2010. Data are provided by the ISTAT. It is interesting to note that deaths due to cardiovascular are almost uncorrelated to those due to tumors and this provides certain evidence that we are considering different aspects of the deprivation due to health. Most problematic areas are those located along the coast.
2.4 Environment
This is one of the most complex index, made of different sub domains with very different statistical issues. Specifically, we considered the following indexes: proportion of fired (2012), build and industry areas (2010); over concentration of air pollutants and finally the presence of plants for recycle and treatment of urban and industry denials. Data have been provided by the environmental council of Regione Autonoma della Sardegna. The uncertainty over the above former proportions, conditionally on the year, is almost negligible being calculated over a large area. The case of pollutants concentrations is different, as the proportion of municipalities covered by measurements is very poor and the measurements are supposed to be mainly taken at municipalities that are considered to be affected by air pollution. We then assume, according to expert's elicitation, that the observed number of over concentrations is zero for the municipalities that have been not monitored. For such data, we estimated the posterior distribution of the mean number of time that a pollutant concentrates over a fixed threshold, during a year, by means of a Poisson model with the Jeffreys/Reference prior [3] over the Poisson rate. This allows a more reliable estimation for the mean of those municipalities that have been not monitored. Finally, for the presence of recycling plants, we have to estimate a risk function based on the distance of the town to all its surrounding plants in a radius of 10 Km. Such risk function has been estimated based on the empirical distribution of the actual distances between plants and towns observed in Sardinia. Distances are modeled according to a Weibull distribution and the resulting risk function has been obtained using the Maximum Likelihood Estimation (MLE) of the Weibull parameters. To each municipality we attributed a risk value based on the estimated MLE risk function (function of the actual distance of the town to the plant), and a coefficient that consider the type of denials treated in the plant.

The final index for the environmental domain is just the weighted mean of the above five indexes normalized between 0 and 1. The weights have been elicited by the policy maker and are the following: 25% for air pollution and presence of recycling plants; 20% for fired areas and 15% for the presence of urban and industry areas. The most problematic areas are those near the major ports (Cagliari and Sassari) as well as some areas in the interior interested by the presence of relevant industry areas.
2.5 Criminality
The criminality index is just the mean number, per resident citizen, of months of jail that could be committed to the citizens in a municipality for crimes that have been reported by the security authorities for the year 2011. Data are provided by the Police security agency of Italy. Such mean has been estimated using a Poisson model with the Jeffreys/Reference prior on the Poisson rate. This prior allows for reliable inference in very small municipalities where crimes are rare. One of the main problem with the available data, the number of crimes, is that those crimes reported in less than 3 cases, on a specific municipality, have been not reported in order to guarantee the privacy of the involved citizenship. Fortunately, the aggregated totals of crimes at municipality and regional level are fully known and a reliable imputation process can be employed in order to discover the unreported numbers. The most problematic municipalities are located along south and north east coast of Sardinia.
2.6 Employment
The index for this domain is just the mean of the following three quantities, measured on each municipality: proportion of the social security expenditures for invalidity, unemployment rate of people who have worked, and unemployment rate of people who have never worked. Such values are available for the 2011 year (source employment council of Regione Autonoma della Sardegna) and are fairly uncorrelated inducing to state that the three quantities are representing different aspects on the employment domain. The most problematic areas are those located in the interior of Sardinia.
3 The seven domains
The global index is obtained as the weighted average of the above seven indexes, previously normalized between 0 and 1. The weights have been elicited by ranges in order to accommodate possible discrepancies over the different opinions over the  importances of the domains on then final index IDMS. The value of the index is the mean index over the elicited distribution of weights, while the value of the index in each domain has been considered fixed. The variability of the IDMS is then obtained by that of weights. The results in Figure 1 show that there are differences between groups of municipalities, but not between all individual municipalities.

Figure 1: Main results for the IDMS (Edition 2013): Value of the IDMS for: municipalities (left) along with 95% of credible interval (middle) and counties (right).
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