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Abstract The 15th Italian Population and Household Census adopted an innovative frame in order to comply with the requests of better timeliness in data dissemination. The load of traditional Censuses operations usually increases with the population size of the municipalities. Therefore the Italian National Institute of Statistics (ISTAT) decided to plan a mixed Census, based on both exhaustive and sampling surveyed subsets of variables. The use of municipal population registers (henceforth Lac) enabled the mailing out of short/long questionnaire models to each family according to the sampling design. The estimates of long-form variables and their intersections with exhaustive variables require the use of calibration weighting estimators as well as the analysis of the variability in geographic domains.     
Abstract Il 15° Censimento Generale della Popolazione e delle Abitazioni in Italia ha adottato un nuovo disegno per soddisfare le richieste di maggiore tempestività nella diffusione dei dati. L’impatto logistico delle tradizionali operazioni censuarie, molto correlato alla dimensione demografica dei comuni, ha suggerito l’adozione di una rilevazione in parte campionaria che ha consentito l’attribuzione del questionario in modalità “short” o “long” alle famiglie presenti nella Lista Anagrafica Comunale (Lac). Le stime per le variabili incluse nei soli  questionari “long form” e gli incroci tra queste e variabili non soggette a campionamento richiedono l’utilizzo di stimatori di ponderazione vincolata, che comportano una necessaria analisi della variabilità delle stime per domini geografici. 
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1	Innovations in the 15th Italian Population and Household Census
The Recommendations for the 2010 Censuses of Population and Housing, made by United Nations Economic Commission for Europe (UNECE, 2006) in agreement with Statistical Office of European Communities (Eurostat), required National Statistical Institutes to improve the timeliness of data dissemination. This primary need suggested the opportunity to choose an innovative and alternative census strategy. The critical feature of the traditional censuses of previous years, in terms of workload and time required, has been the administration of questionnaires by the enumerators in the Enumeration Areas (EAs) of each municipality. These activities are obviously much more onerous in greater municipalities where a relevant proportion of population dwells. For these reasons, the most important innovations introduced by ISTAT concerned: 1) the use of a sample design on “Census Areas” made up by EAs in greater municipalities so to assign a short or long questionnaire model to each family in the Lac register; 2) the multi-channel return strategy of the family questionnaire (mailing, municipial collection centers, web, enumerator). This paper aims to provide a classification of the variables by questionnaire model; to show the methodologies used to produce the estimates to disseminate; to show the methodologies about error models on calibration weighting estimates of short model variables and their intersections with exhaustive variables; to provide provisional results about the analysis of variability in the estimates by geographic domains using simulation data from the 14th Population Census of 2001.
1.1 Short and long form items

The choice of two different models  of questionnaire involves  two groups of variables: 1) demographic variables, collected on the entire universe of households in LAC (and therefore present in both models); 2) variables on household, employment, commuting, educational attainment collected in a different number of items both by short and long form models of questionnaire [1].






2	The use of calibration weighting estimators
For the first time, the dissemination of the results of the Population and Household Census has to deal with the estimates of some variables that are not observed on the whole population. The principle on which every sampling estimation method is based on is that the units of the subset of the population that are included in the sample have to represent not just themselves but also the remaining units that have been not drawn in the sample [2].
The solution that has been chosen is a family of estimators known in literature as calibration weighting estimators.

The methodology underpinning those estimators allows to calculate a single weight able to produce estimates that are consistent with known totals, usually obtained from external sources, for both individuals and households. The same weight is therefore assigned to every person in the same household. The chosen strategy is the one usually adopted in ISTAT for the main surveys, that is:

· Calculation of the inclusion probability  for each sampled unit (household) and determination of the sampling weight  given by the inverse of the inclusion probability;
· Calculation of the final adjusted weight  calibrated to known population totals, that are in this case the totals of the variables observed on the whole population. These weights are calculated achieving the minimum distance between themselves and the base weight [3].

In this case the known population totals are set as calibration constraints in the software GENESEES[footnoteRef:2] (GENEralised software for Sampling Estimates and Errors in Surveys) procedure; they concern the three universes (levels) of analysis: households, dwellings and individuals. [2: 2 The software, called Genesees, uses the methodology illustrated in Deville, J.C. e Särndal, C.E. in Calibration Estimation in Survey Sampling, Journal of the American Statistical Association, Vol. 87, n.418, 1992.
] 



Table 1: Number of constraints by frame and territorial domain
	Frame 
	NUTS1
	NUTS2
	NUTS3

	
	
	
	

	Households
	-
	10
	9

	Dwellings
	-
	2
	33

	Individuals
	16
	448
	184

	…
	
	
	



The estimators used are:

								[1]

where

= value of the sampled variable y in the ith unit;
= final weight of the ith observation.
The weight linked to every sampled unit is a component of the vector , which solves the following constrained optimization problem:

							[2]

in which

= distance function between the base weight and the new weight, under the constraint:

  								[3]

 = auxiliary vector value for the ith element
= vector of known totals of the auxiliary variables 

Due to the constraints, we can achieve the perfect correspondence between the estimates and their corresponding known totals [3,4].  
3	The analysis of variability in the estimates of -long-form variables: some results
The sampling design used for  the 15th Italian Population and Household Census is an equal-probability stratified single-stage sampling. The long-form questionnaire is submitted to every household in the sample. The estimated variance is given by:

  			[4]

where



In sampling surveys it is necessary to pair every estimate to its error. In order to disseminate the final results is necessary to show these errors in a synthetic way using approximate methods. Genesees’ methodology hinges upon regression models. These models are based on a mathematical function that links every estimate to its sampling error, due to the hypothesis that “the relative error of frequency estimates is represented by a decreasing function of the values ​​of the estimates” [5]. Generally, the model can be expressed by: 


 					[5]


This expression links the relative sampling error to the total estimate in a subset   belonging to the whole set of estimates. The results shown in this paper are a simulation based on individual-level data from the 2001 Census, Piedmont region (NUTS2). The frequency subset used to estimate the model has been chosen following considerations on computational feasibility (600.000 records and 900 known totals constraints). A robustness analysis on estimated parameters and cross-
validation between different estimated parameters on different subsets of frequencies have been carried on. 
The robustness analysis has been realized by considering at first an initial group of frequencies, in at least ten tables, to fit a starting model between the estimate of the frequencies in each cell and its relative error; then different models have been estimated by replacing the frequencies in the cell of a table selected at random, with different ones in such a way to evaluate significant variation in the good of fitness. The substitution of at least five of the ten tables has not produced a significant variation in the final fit of the model and so it is possible to gather that the tables to estimate an error model may be selected by chance, only paying attention to the presence of both low and high frequencies cells.
Table 3 shows the results of cross-validation  of two different subsets of estimates. The first two columns under the label “1 - subset ” report the R2 index for the 1st  set of tables respectively using its own estimated parameters and the ones estimated in the 2nd subset ; the two columns under the label “2 – subset ” report the R2 index for the 2nd set of tables respectively using its own estimated parameters and the ones estimated in the 1st subset . The good of fitness indices add another validation of using only a subset of all the estimated frequencies.













Table 2: Regression model estimated coefficients on  e  subset and goodness of fit by sampling domain. 
	NUTS3
	1 – subset 
	2 – subset 

	
	R12
	R22
	R12
	R22

	
	
	
	
	

	
	
	
	
	

	001
002
003
004
005
006
096
103
	    97.00
    91.41
    90.22
    90.11
    90.06
    94.61
    92.66
    91.25
	98.29
90.77
92.13
95.80
87.08
95.85
95.14
88.01
	    96.78
    89.70
    90.47
    89.55
    89.97
    93.02
    91.82
   88.67
	95.51
90.34
88.60
84.23
93.05
91.82
89.43
91.93
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