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A SPATIO-TEMPORAL ANALYSIS OF MIGRATION RATES 
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1. INTRODUCTION 

Migration, i.e. the movement of people from one location to another on any 
geographic scale, affects both the origin and the destination areas. When the rate 
of natural increase is low, as in developed countries, an increasing share of popu-
lation change may be attributed to migration (Eurostat, 2009). Migration is usually 
regarded as domestic (or internal) migration when the movement of people 
within national boundaries is involved, and as international migration when it re-
fers to movement across those boundaries (Franklin, 2003). 

Migration is a major factor in demographic redistribution, and at the interna-
tional level it is one of the three most important flows, together with flows of 
goods and services (commodities), and flows of capital (OECD, 2009). 

Several studies examining the determinants of migration have emphasized not 
only economic factors, but also “quality of life” factors (Cebula, 1979; Cebula and 
Payne, 2005; Cebula and Alexander, 2006). Those factors encouraging people to 
migrate have been extensively analysed, but it is still unresolved the question 
about why migrants decide to move to one particular country rather than to an-
other (Hooghe et al., 2008). 

The aim of the present analysis is to understand how net municipal migration 
rates are influenced by the demographic structure. The analysis focuses on the 
341 municipalities within the Emilia-Romagna Region of Italy. 

The present study is set out as follows: section 2 introduces the phenomenon 
of migration in the Emilia-Romagna Region; section 3 presents the statistical 
model adopted to describe migration flows; section 4 discusses the results of our 
estimations while the final section offers a brief discussion to our findings. 

2. MIGRATION IN THE EMILIA-ROMAGNA REGION: DATA AND CONCEPTS 

In the period from 1970 to 1991, the population of the Emilia-Romagna Re-
gion remained substantially stationary, and internal migration was not sufficient 
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to balance the negative natural increase rate. Since the 1970s, the absolute num-
ber of elderly has continued to rise, while mortality rates have been falling faster 
than the Italian average (Rettaroli et al., 2009). Because of the relationship be-
tween this mortality trend and the total fertility rate that has been below the re-
placement level since 1968, Emilia-Romagna now has one of the oldest popula-
tions in Europe.  

From the mid-1990s onwards, there have been an increasing number of inter-
national migration flows towards Italy. In the Emilia-Romagna Region, these 
flows have given rise to a new and unexpected period of population growth, 
which has contributed towards slowing the aforesaid ageing process.  

During the same period, internal flows have slowed, although they still deter-
mine one of the highest internal migration rates among Italian regions. 

International and, to a lower extent, internal migration, have resulted in an av-
erage annual regional growth rate of about 1% from 2002 to the present day. The 
annual rate of population increase reached 1.5% both in 2003-2004, as a result of 
the regularization of foreign migrants, and in 2007-2008 following the enlarge-
ment of the European Union.  

Migrants tend to be either young or middle-aged, and apart from their direct 
contribution to population growth, they also make a positive contribution to the 
annual birth rate, thus, limiting the negative effect of the natural balance on an-
nual population growth. In 2008, 80% of international migrants were below the 
age of 40, and the number of births from foreign parents accounted for 20.7% of 
total annual births. 

Internal migrants tended to be younger than average for the Emilia-Romagna 
Region population as a whole, but older than their international counterparts 
(Regione Emilia-Romagna, 2007). 

Net migration flows to the Emilia-Romagna Region are characterised by a 
strong degree of heterogeneity among municipalities which prove attractive to 
both Italian and foreign migrants for different reasons. 

Within this context, our aim is to investigate whether net migration rates at the 
municipal level are influenced by the age structure of the population. Our specific 
aim is to assess how the ageing index (percentage of people aged 65 and over), 
the economically active population index and the child-women ratio (number of 
children aged less than five per childbearing-aged woman), influence migration 
into and out of the regional boundaries.  

The last indicator is a proxy measure of the level of fertility, and is more stable 
than the total fertility rate (TFR) in municipalities with small populations. More-
over, it is also an indicator of a municipality’s past migration history. If a munici-
pality has traditionally attracted young families and women coming from areas 
with high fertility, then this indicator will be high. On the other hand, if a mu-
nicipality has gradually lost these segments of the population, then the same indi-
cator will display low values. 

The index accounting for the age structure of the economically active popula-
tion was chosen under the hypothesis that an ageing labour force could result in 
the inability to replace those persons retiring from gainful employment in the 
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presence of an unchanging productive structure. Thus, municipalities showing 
high values of the economically active population index can attract new, younger 
workers.  

The attractiveness of an area may be influenced by the ageing index as well, 
since elderly people require personal support and care, and such services are fre-
quently provided by migrant women. 

Between 70% and 80% of the total annual migration balance is accounted for 
by the foreign population, and thus we want to analyze the total migration rate by 
separating the contribution made by flows of foreigners and flows of Italians. 
This will enable us to assess differences in the spatial distribution of the two 
components, and to ascertain whether the relationship to the set of chosen co-
variates is the same for both foreign and Italian migrants. 

Data relating to migratory inflows and outflows, population size and demo-
graphic structure indicators at a municipal level, are collected by the Italian  
National Institute of Statistics (ISTAT), and are available at the website www. 
istat.it. 

Statistical modelling of migration flows needs to take spatial association into 
account. In fact, the migratory process, involving population movement from 
one area to another, has in itself a spatial component; while migration flows are 
connected to the size and structure of contiguous areas’ populations. Thus, an 
analysis of the mere in-migration and out-migration rates (the ratio of migrants to 
the average population) is not enough, given that such rates do not make any ad-
justments for the proximity of a given area to other areas with different amounts 
of population (Fotheringham et al., 2000; Rogers et al., 2002; Voss, 2007). Cong-
don (2010) claimed that nearby areas contribute towards establishing the ‘migra-
tion context’ of a particular region, “namely the size and proximity of nearby ar-
eas with populations at risk of migrating to that area, or offering potential desti-
nations for out-migrants from that area”. Models with a non-spatial specification 
do not adjust for such structural effects, and may provide an incomplete picture 
of the phenomenon. 

The spatio-temporal analysis is conducted at municipal level, moreover, within 
a hierarchical setting also temporal trend at provincial level is monitored.  

3. STATISTICAL MODELLING OF NET MIGRATION RATES 

In this section we describe two hierarchical models that can be used for the 
spatio-temporal modelling of migration flows. Hierarchical models are an effec-
tive tool for building complex models from relatively simple sub-models. The 
Bayesian framework is the most suitable for managing this kind of model (Wikle 
et al., 1998). Within the context of the space-time modelling of migrations, a cer-
tain complexity arises because temporal dependence, spatial dependence and the 
interaction between space and time have to be modelled simultaneously, together 
with dependence on other explanatory variables such as structural demographic 
covariates.  
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Let ktiy  and ktiz  denote respectively counts of in and out migratory flows at 
year t , 1,...,t T , in municipality i , 1,...,i N . The subscript k, 1,2k  in-
dexes Italian and foreign migrants respectively. 

The area-specific net migration rate at time t for subgroup k, can be directly es-
timated from the data as the difference between in and out migratory rates: 

ˆ I Okti kti
kti kti kti

ti ti

y z R R
P P

 

Where tiP  denotes the average population in year t and in municipality i and 
superscripts I and O refer respectively to incoming and outcoming flows. 

Quantities I
ktiR  and O

ktiR  are the maximum likelihood estimates under the 
Poisson likelihood. There are two main drawbacks associated with the maximum 
likelihood estimators, particularly when small areas are included in the analysis1, 
namely: 
 overdispersion (unstructured heterogeneity): variations in the counts exceed 

what would be expected from Poisson inference, i.e. the areas display hetero-
geneity with regard to the levels of migration; 

 Poisson-based inference fails to take account of spatial patterns in the data 
(structured heterogeneity, spatial variations). 
In what follows, two models are proposed for the analysis of migration flows. 

Both models include covariates for modelling the dependence of migration flows 
on the demographic structural indicators described in section 2. Moreover, the 
models include province-specific intercepts modelled as a random walk process in 
order to encompass the structure of the temporal dependence characterising the 
dynamics of migration flows. In order to model the province-specific migration 
rate, a dummy variable iD , i=1,...,n, is introduced into the models, so that 

1ijD  if the i-th area belongs to the j-th province, and 0ijD  otherwise, 
j=1,...,9. Model 1 is a non-spatial model, while model 2 explicitly takes account of 
spatial correlation by introducing spatial random effects. For both models, the 
likelihood function for incoming and outgoing flows in the municipalities in ques-
tion is specified as a Poisson distribution: 

~ ( )I I
kti kti kti tiy r Poisson r P           1,2k ; 1,...,t T ; 1,...,i N  

~ ( )O O
kti kti kti tiz r Poisson r P  

Migration flows are modelled as conditionally independent given the migration 
rates I

ktir  and O
ktir . The models differ at the second level of the hierarchy. 

                
1 In 2008, 45% of the 341 municipalities considered here had 5,000 or fewer inhabitants. 
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Model I  
In and out migration rates are modelled as follows: 

' 'log( )I I I I
kti i kt ti k ktir D X  

' 'log( )O O O O
kti i kt ti k ktir D X  

Here, 1 2 9( , , ..., )I I I I
kt kt kt kt  are province-specific intercepts designed to 

represent province-specific temporal dynamics. For each province, intercepts fol-
low a random walk process, i.e.: 

( 1)~ ( , )I I I
ktj k t j kjN                       1,...,9j  

This represents a first-order smoothing non-stationary temporal model (see 
West and Harrison, 1997) which can be interpreted as a limiting form of the auto-
regressive first-order model, and is non-stationary. In the Bayesian framework, a 
normal prior distribution is usually assumed for the starting points of the random 
walk processes 0

I
k j . 

Terms I
kti  and O

kti  are unstructured random effects designed to model the ex-
tra-Poisson variation (i.e. overdispersion) characterising the observed data, and 
are modelled as follows: 

~ (0, )I I
kti ktN                     ~ (0, )O O

kti ktN  

The role of these random effects is to shrink the observed migration rates to-
ward the regional mean. This shrinkage effect is more pronounced for areas with 
low population size, and thus more exposed to random variability, while maxi-
mum likelihood estimates for areas with large population size are preserved. The 
shrinkage effect enables us to obtain posterior estimates characterised by lower 
uncertainty compared to the maximum likelihood estimates. 

The hierarchy of the model is completed in a Bayesian framework by hyper-
prior specification. Diffuse Normal independent priors (0,1000)N  are assumed 

for each component of the coefficient vectors I
k  and O

k . Independent small pa-
rameters inverse Gamma distributions ( (.001, .001)InvGamma ) have been speci-

fied for the variance parameters I
k , O

k  , 
I

kj .  
 
Model II 

In this model, spatial random effects are introduced and the migration rates are 
modelled as: 

' 'log( )I I I I I
kti kt ti k kti ktir D X  

' 'log( )O O O O O
kti kt ti k kti ktir D X  
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where dependence on the covariates is the same as specified in Model I. More-
over, terms I

kti  and O
kti  represent spatially unstructured random effects with the 

same role of terms I
kti  and O

kti  in Model I, while random effects I
kti  and I

kti  
are designed to represent spatial variation.  

Within the context of areal data modelling, spatial dependence is managed by 
specifying a suitable joint distribution for the elements of kt : one commonly-
used model in such cases is the Conditional AutoRegressive (CAR) model, a 
Markov Random Field (Mardia, 1988) in which dependence is limited to the 
neighbouring areas, that is, the conditional distribution of the variable in a given 
area is independent of the variable in non-neighbouring areas. Thus, to specify a 
CAR model, a neighbouring structure has to be selected. Various neighbouring 
structures have been proposed in the literature. In this paper, following the most 
popular approach, we consider areas as neighbours if they share a boundary. In-
formation about the neighbouring structure is summarized in the adjacency ma-
trix W , with entries 1ijw  if areas i and j share a common boundary, or 0ijw  
otherwise. The full conditional distributions for the spatial random effects are 
specified as follows: 

1
| , ~ , ~ ,

IN
ktI

kti ktj kt ij ktj
i i

j i N w
m

 

where im  is the number of neighbours of the i th  area, and I
kt  is the vari-

ance parameter scaled, for each area, by the number of its neighbours. Thus, the 
conditional variance is inversely proportional to the spatial information. This 
conditional specification gives rise to the well-known Intrinsic CAR (ICAR) joint 
distribution, a multivariate Normal distribution denoted as: 

~ ( )I I
kt ktCAR  

This distribution is improper and a sum-to-zero constraint on the spatial ran-
dom effects is needed in order to ensure identifiability. The proposed model 
represents an adaptation of the well-known Besag, York and Mollié model (Besag 
et al., 1991), widely used for areal data modelling, to spatio-temporal modelling of 
migration rates. The inclusion of spatial random effects allows shrinkage of the 
migration rates toward the local mean, and offers a compromise between local 
shrinkage and the global shrinkage generated by unstructured random effects. 

As regards hyperprior specification, we follow the same approach undertaken 
for Model I, and we assume small parameters inverse gamma distribution for the 
variance parameter of the ICAR distributions I

kt . 
As regards inference, we adopt a fully Bayesian approach. The net migration 

rate posterior distribution can be obtained as: 
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( , ) ( , )I O
kti kti kti kti kti kti ktip y z p r r y z  

and a point estimate can be obtained by summarising the posterior distribution 
via posterior expectation, giving ( , )kti kti kti ktiE y z . This estimator has the 
advantage that it takes account of overdispersion and spatial correlation, while the 
direct estimator ˆkti  fails to take account of these features. 

Posterior distributions are not obtainable in an analytical form because of the 
complexity of the distributions involved in the hierarchical model. Posterior 
summaries of model parameters are computed by means of Monte Carlo Markov 
Chain (MCMC) routines, as they are implemented in the OpenBUGS software 
(Spiegelhalter et al., 1998).  

Model performances are compared via Deviance Information Criterion (DIC) 
(Spiegelhalter et al., 2002). DIC is a model selection criterion according to which 
the model performance is evaluated as the sum of a measure of fit, the posterior 
mean of the deviance [ 2 log( ( ))]D E lik data parameters , and a measure of 
complexity, the effective number of parameters Dp , obtained as the difference 
between the deviance posterior mean and the deviance evaluated at the parame-
ters posterior mean. Thus DDIC D p : a model is selected if it shows a lower 
DIC value. 

4. RESULTS 

Models I and II are estimated by means of MCMC sampling. Inference is 
based on 10,000 samples from the MCMC algorithm, after 15,000 burn-in itera-
tions have been conducted for each model. Convergence has been checked by 
means of the visual inspection of the trace plots of sample values versus iteration, 
and of the autocorrelation plot in each chain. A comparison in terms of DIC 
shows that Model 2 has to be preferred, i.e. spatial correlation needs to be taken 
into account.  

TABLE 1 

Model comparison: DIC 

  Model I  Model II 

  D  D̂  DIC  Dp   D  D̂  DIC  Dp  
Y 43491 41136 48468 2355  41420 36690 46160 4736 
Z 40352 37982 45056 2370  38430 33950 42910 4478 
Total 83843 79118 93524 4725  79850 70640 89070 9214 

 

This is confirmed by testing for residuals’ spatial correlation: such test (not 
shown) highlights residuals’ spatial correlation for model I, while the null hy-
pothesis of spatial independence is not rejected for model II. In what follows the 
results obtained using model II are summarised.  
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TABLE 2 

Estimated regression coefficients and 95% credibility intervals 

  In migration flows  Out migration flows 
  Posterior Mean 95% Posterior C.I.  Posterior Mean 95% Posterior C.I. 

11
I  0.104 -0.328 0.641 11

O  0.363 0.018 0.838 

12
I  -0.809 -1.036 -0.561 12

O  -0.494 -0.766 -0.307 

Italians 

13
I  0.735 0.612 0.892 13

O  0.421 0.313 0.57 

21
I  0.812 0.249 1.355 21

O  1.712 0.923 2.515 

22
I  -1.679 -2.029 -1.423 22

O  -1.668 -2.004 -1.291 

foreigners 

23
I  0.129 0.003 0.258 23

O  0.853 0.681 1.041 

 

Estimated coefficients and 95% credibility intervals for in- and out- migration 
rates are reported in Table 2. The first subscript equals 1 for Italians and 2 for 
foreigners, while the second one refers, respectively, to the ageing index, the eco-
nomically active population structure index and the child-women ratio. 

A positive effect of the ageing index is found for both inflow and outflow of 
Italians and foreigners, with a stronger effect for the latter. This relationship 
could be linked on the one hand to the increasing positive contribution of elderly 
to the overall movement, and on the other hand to the direct link between care 
for the elderly and in-migration flows. 

Municipalities with an ageing economically active population show, all other 
factors being equal, low immigration and emigration rates, the effect being 
stronger for foreigners than for Italians. When this index displays high values, the 
group with the greatest propensity to move (those aged 15-39) is underrepre-
sented, and the total population tends to generate low outflows, which may ex-
plain the estimated effect for emigration. The ‘compression’ effect for immigra-
tion flows is unexpected, and could be due to an uncontrolled variable related to 
labour market structure.  

The child-women ratio induces positive variations in immigration. Given the 
youthful age of immigrants, this relationship could express the propensity of 
young migrant families to reside where other families with children, maybe mi-
grants, reside. The child-women ratio is rising in those municipalities character-
ised by a high proportion of migrants. Migrant women, particularly if foreign, 
make an appreciable contribution to the number of births in most of the munici-
palities. 

The hierarchical structure of the estimated model allows estimation of prov-
ince-specific net migration rate, after covariates-adjustment. The province-
specific temporal trend is shown in Figure 1, where estimated net migration rates 
in the period 2002-2008 along with credibility intervals refer to the provinces of 
Reggio Emilia and Bologna. These provinces are representative of the trend ob-
served in all the provinces of the region.  
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Figure 1 – Temporal trend of the net migration rate and 95% confidence bands for Italians and for-
eigners in the provinces of Reggio Emilia and Bologna. 

 

The evolution of the net migration rate involving foreigners has been strongly 
affected by the national regularization of immigrant workers in 2002, with visible 
effects witnessed in 2003 and 2004, and by the 2007 enlargement of the Euro-
pean Union to include Romania and Bulgaria. The net migration rate of foreign-
ers is constantly higher in the Reggio Emilia province than in the Bologna prov-
ince. The shape of the estimated trend is common to all provinces. 

The net migration rate of Italians has displayed a different trend: while in the 
Reggio Emilia province the rate is clearly decreasing, in the Bologna province it 
appears to be roughly stationary. All other provinces display a trend similar to 
that of Reggio Emilia, albeit with different levels of the rates. 

In general, all the provinces display a higher average net migration rate for for-
eigners than for Italians. 

Maps of municipality net migration rates are shown in Figures 2 and 3, for Ital-
ians and foreigners respectively. The two maps, reporting estimates for 2009, use 
the same cuts-off point to define interval limits in order to facilitate comparison. 
The contribution of foreigners to population growth is clearly higher than that of 
Italians migrants. Italians’ net migration rate is also negative in many municipali-
ties, meaning that the Italian population in those areas is falling, whilst the foreign 
population is on the increase.  

Temporal trends for municipalities show that when the population exceeds 
20,000 inhabitants, the net migration rate for Italians tends to be negative, while 
the contribution of foreigners tends to be highly significant. New influxes of for-
eigners tend to be concentrated in municipalities with a relatively large popula-
tion. Italians tend to prefer moving from large cities to relatively small municipali-
ties, whereas their net migration towards towns is either negative or null. 
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Figure 2 – Spatial distribution of the net migration rate (Italians) in 2009. 
 
 

Net migration rate (‰) - Year 2009 - Foreigners
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Figure 3 – Spatial distribution of the net migration rate (Foreigners) in 2009. 

5. CONCLUSIONS AND FURTHER DEVELOPMENTS 

Migration is a global phenomenon encompassing two distinct issues: migrants 
leave their neighbouring for some reason while they choose the place they decide 
to live in for other reasons. Economic, cultural and social factors have been 
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widely explored as the factors encouraging or forcing people to migrate, but the 
reasons why they choose certain areas rather than others, despite the similarities 
between them, remain largely unexplored.  

Municipality migration flows may be influenced by the presence of nearby ar-
eas with populations at risk of migrating, or offering potential destinations for 
outgoing migrants. The spatial correlation of the net municipality rates has to be 
taken into account in order to get a better understanding of the phenomena in 
question. 

Migrant flows are distinguished from citizenship in an attempt to discover dif-
ferent spatial distributions of foreign and Italian migrants. The maps of munici-
pality migration rates reveal that these two components of the population make 
very different contributions to total population growth, and tend to be located 
differently. 

Our analysis has identified the existence of spatial dependence in the net mu-
nicipality migration rates, and has treated it, within the framework of areal data 
modelling, by specifying a CAR model. 

Provincial trends during the period 2002-2009 are very similar, since flows of 
foreigners have been affected by national legislation and are at a higher level dur-
ing that period than the equivalent flows of Italian migrants. The contribution of 
internal flows basically follows two different patterns, either decreasing or sta-
tionary, with the latter being the case in the province of Bologna only.  
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SUMMARY 

A spatio-temporal analysis of migration rates in the Emilia-Romagna Region 

Migration – the movement of people from one location to another on any geographic 
scale – affects both the areas of origin and of destination. The aim of the present analysis 
is to understand how municipalities’ net migration rates are influenced by the demo-
graphic structure of the population. The analysis is conducted on the 341 municipalities 
within the Emilia-Romagna Region of Italy, by means of a spatio-temporal Bayesian hier-
archical model. The need to take account for spatial dependence is demonstrated by 
comparing a spatial and a non-spatial model. Model hierarchy enables us to highlight 
province-specific temporal trends for both Italian and foreign flows: a decreasing trend is 
evident for Italians, while an increasing trend is observed for foreigners. At a spatial level, 
we show that the contribution of foreigners to population growth is higher than that of 
Italians migrants. Italian net migration rates are also negative in many municipalities that 
are losing their Italian population and increasing the number of foreigners residing there. 




