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1. Introduction 

Census and population register are the two main existing sources on usual resident population in Italy. Census gives accurate information at the time of data collection and provides valuable data on population size by socio-economic characteristics of usual residents. Population register is not managed at central level in Italy, being instead shared by 8101
 Italian municipalities, each of them in charge of its proper territorial authority. This system of municipal population registers is interrelated by means of a set of administrative rules and it continuously records personal data about individuals for administrative uses. Census and population registers provide comparable information on population size by sex, age, marital status, place of birth and citizenship. However, both data sources are affected by coverage and quality problems. In fact, population counts coming from Census could be incorrect due to both undercount for missed people and over count caused by duplicates and other erroneous enumerations. For this reason Italian Census plan has adopted a post enumeration survey in order to estimate the accuracy of Census figures. 

On the other hand, population registration can be efficient only if it stores data on life events and place of residence of people and households, ensuring that the records are added to, deleted or corrected in the system whenever the status of units changes. Italian municipality handles population archive so to register in a regular way, besides births and deaths, also population movements, by deletion of a record from the municipality of former residence and, correspondingly, making a registration at municipality of current residence. This population-registration system works in a consistent legal framework, setting out terms and conditions to register eligible people within a specific municipality with the aim of establishing their identity and place of residence. To this purpose the actual presence of individuals is checked by local authorities. Anyway, it is well-known that the overall quality of population-registration system usually suffers if information is not continuously updated by the Municipal Register Offices. This implies that administrative staff has to maintain direct contact with every subjects in order to update information pertaining to certain events which are very critical to verify, especially for migrants who are not interested to notify their changes in place of residence. For this reason, population registers are affected by under coverage as far as migration events and births
 do not involve a formal registration and, similarly, they are affected by over coverage whenever events of emigration and deaths do not cause a deletion from the administrative archive. In this context, Census data play an important role for population register coverage evaluation and control, since population registers can be extensively updated every ten years as results of their comparison with census records.  

The Italian National Institute of Statistics (Istat) has planned next Census round as a register-supported enumeration so to enhance consistency between Census and population registers and to improve the quality of population data produced yearly, after Census. Therefore, the major issue concerning the 2011 Census plan is represented by coverage errors affecting the register that supports enumeration. On one hand, the new strategy allows to cross persons off the list of population register if they result untraceable at the Census reference day (over-coverage of population register). On the other hand, the municipality archive is usually affected by undercount for those people who usually reside on the territory at the Census reference day without being enlisted into the corresponding population register (under-coverage of population register). While over-coverage events can be amended during fieldwork operations, supplementary information is required in order to evaluate and control for potential undercount affecting population register. This implies that register-supported Census requires a coverage evaluation of population register instead of the traditional post enumeration survey on Census field enumeration.
The goal of this study is to evaluate the amount of Population Register Undercount (PRU) events provided by Municipal Offices through the comparison between Census returns and administrative records after Census data. The underreporting of PRU events which is caused by the poor quality affecting job of Municipal Offices is corrected here through the use of a mixture regression analysis approach. 
After a description of data framework and preliminary analysis (section 2), mixture regression models are summarised (section 3) with reference to our subject matter. Section 4 reports the main results of the data analysis and, finally, some last remarks are discussed (section 5).

2 Data Description and preliminary analysis

To examine the 2001 Italian gross undercount
 of population registers we analysed administrative data on PRU events provided by the 8,101 municipal local authorities.
The Municipal Register Offices collect personal data about individuals who were enumerated as usual residents at the Census date but not enlisted in the population archive. In fact, population register cannot take into account the address changes by people who moved to current municipality without having applied for their inclusion into the corresponding archive. After Census, the Municipal Register Offices evaluate population register undercount by counting those people who were enumerated at Census day but not included into the archive. These people have to apply for a notification to update their place of residence
 according to Census outcome, as ruled by administrative law. Since the administrative rules follow their proper procedures, it may happen that PRU events are updated even some years after the Census, especially for large municipalities. For this reason, we analyzed PRU events recorded by Italian municipalities from October 22, 2001 (the Census reference day) to December 31, 2006. 

Undercount of population registers after 2001 Census shows different levels among municipalities, both in total amount and timing of registration (Table 1). From 2001 to 2006, Italian municipalities recorded about 244,000 PRU events with a ratio equal to 4.4 units per 1,000 inhabitants. Moreover, the PRU events bring out remarkable differences among groups of municipalities. It seems that smallest municipalities have a higher incidence of population register’s under-coverage. In fact, the undercount ratio per 1,000 inhabitants is higher for the classes of municipalities ‘under 5,000’ and ‘5,000 – 19,999’ inhabitants (about 5.8 for both of them) than for the two remaining ones. In particular, it is observable that the ratio of PRU events is lower for municipalities included into the class ‘50,000 or more’ inhabitants. This result is somewhat wondering and it could be related to inefficiencies suffered by largest municipalities in updating the population register, so causing a bias into the PRU figures. Moreover lower PRU events ratios are observable in the centre and southern regions of Italy, while higher values are shown in the northern regions which account for an undercount ratio (equal to 5.6) above the average.

Table 1 – Enlisted persons into the population register at the 2001 Census reference day.

               Absolute value and percentages

	Groups of municipalities and geographical area
	                                  Number of municipalities in Italy
	                                              Municipalities reported non zero value of enlisted persons as usual resident at the 2001 Census day
	                                              Usual resident population at the 2001 Census day
	 
	Undercounted persons at the  2001 reference Census day enlisted from 2001 to 2006      
	 
	                                                              Municipalities which reported zero value of enlisted persons

	
	
	
	
	 
	Total 
	Of  which                                                 in 2001-2002 
	 
	

	
	
	
	
	
	
	
	
	

	
	
	
	
	 
	Absolute values
	undercount ratio per 1,000 inhabitants
	Absolute values
	Percentage on total enlisted persons
	 
	Absolute values
	Percentage on usual resident population

	Under 5,000 inh.
	5,836
	4,695
	9,490,713
	
	55,248
	5.82
	49,887
	90.3
	
	1,141
	11.6

	5,000 to 19,999 inh. 
	1,792
	1,764
	16,451,575
	
	96,006
	5.84
	81,950
	85.4
	
	28
	1.6

	20,000 to 49,999 inh.
	335
	330
	9,948,393
	
	44,164
	4.44
	36,691
	83.1
	
	5
	1.3

	50,000 and more inh.
	138
	137
	19,523,632
	
	49,011
	2.51
	39,050
	79.7
	
	1
	0.5

	Total
	8,101
	6,926
	55,414,313
	
	244,429
	4.41
	207,578
	84.9
	
	1,175
	2.9

	
	
	
	
	
	
	
	
	
	
	
	

	North
	4,541
	3,866
	24,873,413
	
	138,496
	5.57
	122,609
	88.5
	
	675
	2.8

	Centre
	1,003
	897
	10,725,251
	
	38,237
	3.57
	29,974
	78.4
	
	106
	1.7

	South
	2,557
	2,163
	19,815,649
	
	67,696
	3.42
	54,995
	81.2
	
	394
	3.5

	ITALY
	8,101
	6,926
	55,414,313
	 
	244,429
	4.41
	207,578
	84.9
	 
	1,175
	2.9


With respect to municipalities which reported exactly zero PRU events, 1,141 of them, out of 1,175, belong to the class ‘under 5,000’ inhabitants and account for only 11.6% of the population in the same class. This could bring to consider these small municipalities more as having ‘true zero’ PRU events than being affected by misreporting. 

For municipalities with 250,000 inhabitants and more, the scatter plot in figure 1 shows a remarkable positive relationship between the PRU events per 1,000 inhabitants and the average immigration rate per 1,000 inhabitants in the period 2002-2005. Nevertheless, some of municipalities report near zero PRU events in spite of their immigration rate is larger than the average. Moreover, the scatter plot sets the larger-size municipalities of northern regions (Verona, Milan and Bologna) on the top right of the graph, against the ones of central and southern geographical areas (Florence, Rome, Catania, Palermo, Messina) which are placed nearby the bottom.

Figure 1 – Immigration rate and population register’s undercount ratio of the 13th larger-size Italian municipalities.
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This relationship between PRU events and immigration rate is meaningful and it will be assumed in what follows also for smaller municipalities, together with a similar assumption made with respect to population size of municipalities.

Nevertheless, the observed population register undercount could be considered only an underestimate of the whole figure. More precisely, being unknown the number of municipalities succeeding in their task of updating, the amount of observed PRU events can be considered as a lower bound of the whole phenomenon. Moreover, even for municipalities showing few PRU events it is not sure that they made some efforts for updating their population registers. In fact, PRU events can be also caused by spontaneous regularisations of residence by those people who were enumerated into a given municipality being not enlisted into the corresponding register. In this case, the events are driven by citizens, since municipalities limit themselves to check for existence of newly immigrants in their Census database in order to avoid double enumerations in population counts for the years following the Census. 

As a consequence, at least two sets of municipalities can be expected: those complying with procedures to update population register and those not achieving this task or fulfilling it only in part. It can be expected that the former group will attain more PRU events than the latter one, other things being equal. 
3 Mixture regression applications

We applied mixture regression modelling (McLachlan, Peel, 2000) to PRU data in order to correct the observed population registers under coverage, taking into account for underreporting made by municipalities which did not properly update their population archive on the basis of the 2001 Census results.

A finite mixture probability can be defined as a weighted average of probability functions 
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where:

fg(x) are  distribution functions of the same or different type;

pg≥ 0, 
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 are weights or prior probabilities  

When units of interest can be characterised by a linear regression model relating a dependent variable yg and one or more explicative variables xg, the following relationship can be written 


[image: image4.wmf]g

g

g

g

ε

+

+

α

=

y

βx

 gG

with errors  g distributed as Gaussian distributions with 0 mean and variance 2g.

The resulting density function is a finite mixture described by the relationship
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where pg is the chance of sampling an unit from the g-th subpopulation 

The resulting log-likelihood is dependent on parameters (={g, g, 2g, pg} and can be written as
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being the G sub-populations not directly observable, this log-likelihood can be maximized by the EM algorithm  (Dempster, Laird, Rubin, 1977).

A mixture model is particularly appealing in our context given the lack of relevant information about the degree of reliability of data coming from field. 

In our study we considered municipality population (POP, in thousands of inhabitants) and number of immigrants from other municipalities or from abroad (AI0205, average annual number of immigrants from January 2002 to December 2005) as explicative variables. Population is expected being related to PRU events since the larger is the population municipality the higher should be the absolute number of people dwelling in municipal area without having enlisted themselves into the population register. Similarly, the average number of immigrants during the period 2002-2005 characterises the demographic ‘attraction’ of the municipality and it is expected to be predictive also for PRU events.

The following other variables were in addition considered during preliminary analyses: Geographical Area (North, Centre, South); Municipality accomplishment declaration of comparison between Census database and population register; Relative difference between municipality population coming from the register and the computed population
; Indicator of municipality bordering on one of the largest Italian towns
; Municipality index of dependency ratio
; Ratio of the number of people dwelling into the municipality, while working in another one, and the number of people who work into the municipality, while dwelling in a different one.

Even considered interesting as proxies of the municipality effectiveness in complying with registers update rules, these variables were soon discarded because they did not result in any improvement of explicative power of the model. In fact, it sorted out more important considering more components in the mixture, as an advice that municipalities can be grouped according to different rules behind their association between events and the explicative variables, than adding a lot of other explicative variables to the models. As a consequence, the search of the best model resulted in the most appropriate selection of substantive components in the mixture model.

In order to select the best fitting model they were compared each other by means of the Bayesian Information Criterion (BIC), consisting in the maximum of the model likelihood, penalised with the product of the model degrees of freedom by the number of units (municipalities) considered in analysis: 
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. By this criterion, it has to be preferred the model which shows the less value of BIC, provided that n does not change between the models to be compared. Data analysis was carried out by R package flexmix.
4 Results

The relationship between PRU events and the variables POP and AI0205 is summarised in the figure 2. From these graphs it is apparent the great variability of population and immigration variables. On the other hand we can observe, at least for the larger municipalities, two different behaviours with respect to the PRU events. From one side, a group of municipalities tend to a fast increase of PRU events according to POP and AI0205; on the other side, a second group of municipalities shows near zero PRU events regardless of the values taken by the auxiliary variables.
	Figure 2 - PRU events by Municipalities population (POP) and Annual average immigrants during the period 2001-2005 (AI0205)
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To take into account for the great variability in explanatory variables, four different models have been considered, one of each municipalities class in table 1. All the tentative models used POP and AI0205 as explicative variables. Various models were compared through BIC index by checking for the number of mixture components, the presence of quadratic effect for explicative variables and the existence of interaction between predictors. The best fitting model resulted in the three components mixture regression for all the municipal population classes. Instead, simple effects for POP and AI0205 variables did not result always significant for all mixture components. Table 2 reports the estimated parameters for the best fitting models related to each municipalities population class. In Figure 3 the observed and the expected values under each component of the mixture are plotted versus POP. The analogous scatter-plot of PRU events versus AI0205 is omitted here for the sake of brevity.

Municipalities with less than 5,000 inhabitants represent the largest group (5,836 out of 8,101) accounting for a population of 9,490,713 people. PRU events appear very spread for these municipalities when plotted against POP variable. Our substantive hypothesis is that the heteroscedasticity of data is due, at least in part, to the coexistence of two or more hidden populations each of them following a different link between PRU events and explicative variables POP and AI0205. Consequently, we assume that the mixture component showing the strongest positive relationship between dependent variable and its predictors, describes the subset of municipalities which are more compliant with the updating rules of population As a consequence, the use of this regression component to estimate PRU events on all examined municipalities will take into account for under-reporting of PRU events affecting those which are non compliant with rules. Under this assumption the number of PRU events of municipalities less than 5,000 inhabitants rises from 55,248 observed units to an expected amount of 105,863 (Table 3).
This basic hypothesis can however result in an upward biased estimate of underreported PRU events for this population class, given the possible existence of many small municipalities that experience a small, or null, number of PRU events even though their membership to the set of ‘compliant’ municipalities. In that case the total amount of expected PRU events under the selected mixture model component can be considered only an upper bound of the true value. 
Municipalities included in the 5,000 – 19,999 population class are 1,792 (with population of 16,451,575) and their number of observed PRU events rarely exceeds 300 units. A higher relationship of PRU events with AI0205 variable rather than with population variable POP is found for these data. Even tough the variance seems more stable here, the best fitting mixture model finds out three components. Since the first mixture component is characterised by only 15 municipalities, the second model component, which shows an ‘intermediate’ relationship between PRU events and POP (and AI0205), could represent the effect of some not measured explanatory variables, instead of distinguishing those municipalities which are not perfectly compliant with rules. In this way, the amount of PRU events, growing from 96,006 observed cases to 251,210 expected ones as resulting from the first mixture component, could be considered again as an overestimate. 

Class of municipalities with population between 20,000 and 50,000 inhabitants includes 350 units with a population of 9,948,393 at Census day. On average, the number of PRU events is larger for municipalities falling in this class than for the smaller classes of municipalities, even though 28 municipalities show zero PRU events. More likely than for previous considered classes these municipalities possibly did not carry out the update procedures of their population registers when they observe few PRU events. The estimated three component mixture regression model shows a not significant effect of POP factor for either the components (Table 2). 

	Figure 3.  Observed and Expected PRU events vs. Municipal population size – Four classes of municipal population-size

	[image: image10.png]PRU events

100

80

60

40

20

0 1000 2000 3000 4000 5000

POP



[image: image11.png]T
00zl

T
0001

T
008

T
009

sjUBAS NYd

00

20000

15000

10000

5000

POP





	Less than 5,000 inhabitants
	5,000-19,999 inhabitants

	[image: image12.png]PRU events

1500

1000

500

20000

25000

30000

35000

POP

40000

45000

50000



[image: image13.png]PRU events

2000 4000 6000 8000 10000

0

5
&
i
2
&
R
o
£ x s
) x
g%% xg x
Lot e T .
T T T T T
500000 1000000 1500000 2000000 2500000

POP





	20,000-49,999 inhabitants
	50,000 and more inhabitants 

	Note: in order to make it more clearly interpretable, the graphs related to classes “less than 5,000” and “5,000-19,999”, consider respectively 584 (out of 5,836) and 598 (out of 1,792) municipalities, which were chosen among the corresponding quantile distribution of POP variable. 


Only 75 municipalities sort out as belonging to the cluster following the first component, which is the one describing municipalities with more PRU events. Expected PRU events from the first component are 103,882 compared with 44,164 observed ones. As usual this component has the highest model error variance. Again, it cannot be known for sure if the second component (red crosses of Figure 3) represents municipalities which were only partially compliant with the coverage improvement procedures or instead it accounts for a less strong relationship with explicative variables due to some other not measured characteristic(s). However, it is highly probable that many ‘compliant’ municipalities are described by the first component, since such low number of municipalities is included into the first cluster.

The last class of municipalities includes 138 members that account for 19,523,632 people as a whole, only 13 of them having a population larger than 250,000 inhabitants. A three component mixture model is fitted also in this case, resulting in a whole amount of PRU events an increase from 49,011 observed cases to 99,203 expected ones (Table 3). Although the three largest Italian towns (Milan, Naples and Rome) should have probably strongly influenced the model parameters estimation a separate model on the 13 largest municipalities would result in unstable estimates and for this reason cannot be achieved. Moreover, as far as the larger municipalities showing the greater amount of PRU observed events (Turin and Milan) could have anyhow failed in their best efforts to complete coverage correction task, estimates could be down-biased due to the influence of these towns on the model parameters.

Supplementary analysis has been carried out in order to evaluate influence of larger municipalities on the estimates of PRU events. From this further examination we ascertained that the amount of expected PRU events for municipalities between 50,000 and 250,000 inhabitants decreases from 79,582 cases, foreseen by the previous model (including the 13 largest towns), to 67,731 cases estimated when the largest towns are excluded from analysis. Another attempt was made including among predictors a dummy variable so to single out municipalities larger than 250,000 inhabitants from the others. This model results in even lower expected PRU cases for municipalities between 50,000 and 250,000 inhabitants (57,316). These further insights suggest that influence of largest towns on the mixture model did not bias downward the expected number of PRU events with respect to the smaller municipalities.
On the whole, the expected amount of PRU events is 559,892 units and represents an increase of 315,463 individuals compared to the observed events. In relative terms this increase is higher  for southern municipalities (3.0%) than for northern (2.5%) and central (2.6%) ones.
	Table 2 - Parameters for Best Fitting Models referred to each class of municipal population

	
	Size
	Intercept
	POP
	AI0205
	Variance

	
	
	Parameter
	Signif.

codes
	Parameter
	Signif.

codes
	Parameter
	Signif.

codes
	

	Up to 4,999  Inhabitants

	Component 1
	1103
	4.04657
	***
	3.58639
	***
	0.12214
	***
	11.80365

	Component 2
	2856
	2.08708
	***
	1.01119
	***
	0.05072
	***
	3.90695

	Component 3
	1877
	0.21465
	***
	0.16577
	***
	0.00301
	***
	0.67379

	5,000 – 19,999 Inhabitants

	Component 1
	 75 
	-5.38838
	
	8.70631
	
	0.19964
	.
	139.69893

	Component 2
	990
	4.18734
	
	1.50001
	***
	0.12564
	***
	26.06181

	Component 3
	727
	14.55228
	***
	-0.47452
	.
	0.03677
	***
	14.04560

	20,000 – 49,999  Inhabitants

	Component 1
	 15 
	-96.10366
	
	-0.06189
	
	0.46025
	***
	213.17167

	Component 2
	175
	5.08196
	
	0.24704
	
	0.16130
	***
	61.71661

	Component 3
	145
	38.16083
	*
	-0.01326
	
	0.01070
	
	34.50227

	50,000 or more Inhabitants

	Component 1
	 37 
	84.61997
	
	0.43313
	
	0.16804
	***
	232.18135

	Component 2
	 73 
	61.51435
	***
	0.44695
	*
	-0.01593
	**
	60.79479

	Component 3
	 28 
	142.40653
	***
	-1.90902
	***
	0.11463
	***
	91.35972

	Significance codes: 0 ‘***’ ; 0.001 ‘**’ ; 0.01 ‘*’ ; 0.05 ‘.’ ; 0.1 ‘ ’ 1


	Table 3. Observed and Expected PRU events - absolute value and ratio of population per classes of municipal population size and geographical area

	Municipality class
	North
	Centre
	South
	Italy

	
	Obs.
	Exp.
	Obs.
	Exp.
	Obs.
	Exp.
	Obs.
	Exp.

	50,000 and more
	Abs.
	27,021
	46,969
	6,965
	24,366
	15,025
	27,601
	49,011
	98,936

	
	Ratio
	0.35%
	0.61%
	0.14%
	0.49%
	0.21%
	0.39%
	0.25%
	0.50%

	20,000 - 49,999
	Abs.
	20,121
	49,730
	8,735
	25,384
	15,308
	28,768
	44,164
	103,882

	
	Ratio
	0.55%
	1.37%
	0.42%
	1.22%
	0.35%
	0.66%
	0.44%
	1.03%

	5,000 - 19,999
	Abs.
	56,212
	138,748
	15,818
	40,506
	23,976
	71,956
	96,006
	251,210

	
	Ratio
	0.67%
	1.65%
	0.61%
	1.56%
	0.42%
	1.26%
	0.57%
	1.50%

	under 5,000
	Abs.
	35,142
	65,701
	6,719
	12,637
	13,387
	27,525
	55,248
	105,863

	
	Ratio
	0.60%
	1.12%
	0.52%
	0.99%
	0.39%
	0.80%
	0.52%
	1.00%

	Italy
	Abs.
	138,496
	301,149
	38,237
	102,892
	67,696
	155,850
	244,429
	559,892

	
	Ratio
	0.54%
	2.76%
	0.35%
	0.94%
	0.33%
	0.76%
	0.43%
	0.98%


5. Last remarks and further developments
In the period 2001-2006 Italian municipalities have actually corrected their population register’s undercount (PRU) by enlisting into population archives 244, 429 individuals on the basis of Census returns. If this figure is compared with 800,000 individuals estimated by the under coverage survey of 2001 Census, the size of PRU events shows a small degree. Our study gives a protective estimate of PRU events that takes into account for underreporting of Municipal Offices. Taking fair precautions on limits of this study, the used data represent the only administrative source available on population register’s undercount and its analysis could provide useful suggestions for next population Census round. Even considered the estimate number of PRU events is much larger than the observed count (559,892 cases against 244,429) this figure remains lower than estimated Census undercoverage and strength the strategy based on register-supported Census.
In our opinion is needed, however, that each municipal Office should take on a final balance sheet in order to improve the collection of quantitative information concerning quality and accuracy on the maintenance of municipal population archive. This balance should report profit and loser account of resident population on both the comparison between Census questionnaires and population register and the subsequent updating process of municipal population register. 
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� Number of municipalities existing at 2001 Census 


� Under reporting of births is virtually absent in Italy.


� Net undercount is supposed to be much lower since, virtually, all Italian people not included in the register of their usual residence are expected to be enlisted into the municipal population register of their previous place of residence as an over coverage event.


� Citizens are required by law to present proof of place of residence or registration in order to obtain services, then the relevant authorities should issue certificates of place of residence to all those who register.


�This computation is obtained by updating previous Census population counts at municipal level with annual balancing equation for natural and migratory events.


� One out of 13 Italian municipalities lager than 250.000 inhabitants.


� Population in class ‘under 15 and 65 and more’ years of age divided by population aged ’15-64’ expressed as a percentage.
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