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Abstract:
The adjustment of services of general interest to ageing and shrinking populations is a significant challenge
in many European regions. This article analyses the response in the number of primary schools to changes
in the student population in the municipalities of mainland Portugal between 2007 and 2016. It focuses
on the time lag of this adjustment, the territorial factors that influence it and the role of spatial spill-over
effects. The main finding is that the relationship between the number of schools and the number of
students is not straightforward and can only be understood considering the broader geographic contexts
and spatial dependence structures.
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El ajuste de las escuelas primarias a la disminución de la población: un enfoque
de modelado espacial
Resumen:
La adaptación de los servicios de interés general al envejecimiento y la disminución de la población es un
reto importante en muchas regiones europeas. Este artículo analiza la respuesta del número de escuelas
primarias a los cambios en la población estudiantil en los municipios de Portugal continental para el
período de 2007-2016. Se centra en el desfase temporal de este ajuste, los factores territoriales que influyen
en él y el papel de efectos de contagio espaciales. El principal hallazgo es que la relación entre el número
de escuelas y el número de estudiantes no es directa y solo puede entenderse considerando los contextos
geográficos más amplios y las estructuras de dependencia espacial.
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dependencia espacial.
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1.

Introduction

Sustained low fertility rates have led to shrinking and ageing population in many European countries
(EUROSTAT, 2020), which is projected to continue in the next decades, considering the inherited age
structures (Davoudi et al., 2010; Lutz et al., 2003) and the limited rebound of fertility rates due to
postponement (Luci & Thévenon, 2014; Myrskylä et al., 2013). These processes pose major policy
challenges, affecting territories’ quality of life in many ways: the presence of vacant housing (Bontje, 2004;
Couch & Cocks, 2013; Haase et al., 2013) or brownfields (Jaroszewska, 2019); underused infrastructures
(Hollander et al., 2009); the emigration of younger and more qualified age groups (Wolff & Wiechmann,
2018); or image problems (Johnson et al., 2014).
This stresses the importance of local policy responses to decline, namely regarding the different ways
local decision-makers react to contracting populations in the provision of services. While it is often
assumed that the best policy response to shrinkage is simply “rightsizing” the infrastructure or services
(Hollander et al., 2009; Mallach, 2017), which normally implies concentrating them in the more central
parts of the territory (Lang, 2012), there are many possible options, which include trivializing it,
countering it, accepting it, or utilizing it (Hospers, 2014). There are also very different understandings
regarding the minimum acceptable standards that service providers should follow or the right balance
between the conflicting goals of maximizing this provision while minimizing costs (Wiechmann &
Pallagst, 2012).
In this context, this article analyses the reaction of the number of primary schools to changes in the
number of students in the municipalities of mainland Portugal, between 2007 and 2016 (it must be noted
that primary education in Portugal refers exclusively to the first cycle of primary education, corresponding
to the first four years of level one of the International Standard Classification of Education – EUROSTAT,
2022). Primary schools are an interesting subject for this type of analysis since they are one of the most
important services of general interest that are provided at the local scale (Autti & Hyry-Beihammer, 2014;
Kearns et al., 2009) and have recently been witnessing a significant number of closures in many European
countries (Barakat, 2015; Elshof et al., 2015; Slee & Miller, 2015). In Portugal, in the last decades, there
was a very significant decline in the number of public primary schools, obeying a “rationalizing” approach
that is assumed by much of the national school planning guidelines (Marques, Tufail, et al., 2021; Wolf
et al., 2018) – private primary schools were excluded from this analysis since their opening or closure
follows a strict economic rationale and they do not provide any significant degree of territorial coverage,
essentially depending on the presence of large, well-off, student populations.
Nonetheless, it has also been noted that, at the local scale, there are many possible responses to
declining student populations and that the outcome often results from a negotiation in a multilevel
governance framework, where goals and interests are articulated at different scales and in different policy
arenas (Cordeiro et al., 2012). In this sense, school planning is the outcome of local micro regulation as
much as institutional regulation at the macro scale (Barroso, 2006), where municipalities can implement
different strategies (Cordeiro et al., 2014; Wolf et al., 2021). And, while being partly a response to
declining student populations, decisions regarding school closures have also been shown to be sensitive to
socioeconomic circumstances, cultural and racial factors (Lee & Lubienski, 2017; Lipman, 2009), or
student performance (Engberg et al., 2012; Steinberg & MacDonald, 2019). This is also true for the
general level of accessibility to primary schools, where socioeconomic factors play a role, in particular
leading to higher access for the better-off (Macintyre et al., 2008; Marques, Wolf, et al., 2021). Moreover,
the number of schools is influenced by population density, with rural schools being much more susceptible
to decreasing student numbers and, thus, closing disproportionally (Amcoff, 2012; Autti & HyryBeihammer, 2014; Sørensen et al., 2021). This means that the response of primary school provision to
shrinking populations is in no way deterministic and that socioeconomic and territorial factors must be
considered jointly with declining (or, occasionally, growing) student numbers.
Accordingly, this article considers the variation in the number of primary schools as a function of
the number of students and other explanatory variables, taking into consideration the different factors
considered relevant in the literature for explaining the provision of primary schools at the local scale. These
variables include population density, as an indicator for the type of settlement, the income of the
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employed, as indicators of the economic status, and fertility, migrations, and employment, as indicators
for locations’ attractiveness and general growth perspectives (as was noted by Marques, Tufail, et al., 2021,
territories with higher migration and fertility rates tend to have more positive evolutions in the number of
schools).
Two types of analyses were made. First, a time series approach is used to identify the time lag with
which changes in the number of students lead to school adjustments. Second, a cross-section model that
relates changes in the number of schools over the whole period. In both analyses spatial dependence was
modelled, taking into consideration that student enrollment does not follow strict administrative
boundaries and also that these kinds of phenomena tend to follow geographic patterns. The remaining
article is organized into two sections, where the first one presents the data, the methodology and discusses
the results, and the second one presents the conclusions.

2.

Data and empirical analysis

2.1. Data
The main variables for this study are the number of primary schools (PS) and the number of students
(Students), which were retrieved from the DGEED (Direção-Geral de Estatísticas da Educação e Ciência
datasets available at its website https://www.dgeec.mec.pt/np4/408/). The variables expressing
socioeconomic and territorial factors were obtained from the National Statistical Institute and include:
residents per km² (PopDens); average income of the employed (AIncome) – total income was not available
at the local scale; net migration rates (MigRate), expressing the ratio of the difference between immigrants
and emigrants and the inhabitants of a given territory (the yearly migration rates are estimated by the
National Statistical Institute, taking into consideration the deaths and births, registered migrants and
employment data, among other variables); employment in private firms (Empl), meaning the people
employed in the private sector (the total employment and employment rate also includes people employed
in the public sector, but were not available at the municipal level for the whole period); and total fertility
rates (TFertRate), expressing the number of children that a women would have if she were to keep the
current age specific fertility rates throughout her reproductive life. All variables were collected for the 278
municipalities of mainland Portugal, from 2007 to 2016 (the decade for which we have complete values
for all variables in the dataset).
For modelling purposes, some original variables were transformed into more meaningful variables,
using Neper’s logarithms to obtain less asymmetric distributions (positive variables which include a caps
‘L’ in their names (e.g. LAIncome_AVG, DLEmp_AVG) and, in some cases, calculating the differences
between the logarithm (if used) of the value in 2016 and the logarithm of the value in 2007. Otherwise,
the average values (in logarithms or not) were calculated between 2007 and 2016 (in sections 2.2. and 2.3
the specific transformations made for each variable for each model are stated). Table 1 presents descriptive
statistics for the main transformed variables used in this study.
In Figure 1 it is possible to observe that, in the considered period, the main trend is for primary
school closures to largely exceed the opening of new schools and, also, that the municipalities which
witness a sharper decrease in the number of primary schools tend to be located in the coastal regions in
the North and Centre of the country (Figure 1C). On the other hand, there still is a positive trend in the
number of Primary Schools in some municipalities in the centre of Portugal.
In the following subsections, two regression approaches for studying the changes that occur in the
number of primary schools are analysed and discussed. The first considers a spatial-temporal model
estimated as an SDEM (spatial Durbin error model), to find the temporal lag which better helps to explain
the dependent variable. The second approach takes into consideration that the explanatory variables do
not have an immediate impact on the explained variable. Therefore, it analyses the changes in the number
of primary schools and their relationships with other variables for the whole period for which data is
available.
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TABLE 1.
Descriptive statistics for the variables for mainland Portuguese municipalities in 2016
Variable

Mean

Std

Min

Median

Max

PS

14.270

20.385

1.000

7.000

186.000

TFertRate

1.240

0.256

0.588

1.213

2.242

MigRate

-0.131

0.396

-0.820

-0.210

1.462

AIncome

969.541

190.369

704.128

926.678

2323.088

Emp

11656.640

34057.507

378.000

3682.500

501832.000

PopDens

306.698

854.746

4.176

67.183

7490.908

NStudents

1364.388

2521.186

53.000

481.000

26609.000

Note: The variables are the number of primary schools (PS); the total fertility rate in the period (TFertRate); the net
migration rate (MigRate); the average income (AIncome); the employment in private firms (Emp); the populational density
(PopDens); and the number of schools’ students (NStudents).

FIGURE 1.
Cartograms of key variables
a) N. of Primary Schools (2016)

b) Pop. Density (2016; per km2)
[1, 3]
]3, 4]
]4, 10]
]10, 21]
]21, 186]
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FIGURE 1. CONT.
Cartograms of key variables
c) Difference in the number of Schools
(2007-2016)

d) Difference of the P. S. Students
(2007-2016)
[-38, -12]
]-12, -7]
]-7, -4]
]-4, -1]
]-1, 5]

[-4122, -461]
]-461, -202]
]-202, -116]
]-116, -54]
]-54, 525]

Note: A. Number of Primary Schools in 2016; B. Population Density (per km2) in 2016; C. Difference of number of Schools
from 2007 to 2016; D. Difference of the Students enrolled in primary school from 2007 to 2016. The range of colours
means the variation of values for each variable from the minimum (clearest) to the maximum (darkest) in quintiles.

2.2. Spatio-temporal model
The analysis of the time lag in which changes in the number of students lead to changes in the
number of schools was developed with an SDEM (MODEL1), where the explanatory variable was the
difference in the number of public primary schools in 2007 and 2016 (DPS). Further explanatory variables
were: the average total fertility rate in the period (TFertRate_AVG); the average migration rate in the
period (MigRate_AVG); the average of the logarithm of average income in the period (LAIncome_AVG);
the average of the differences (in consecutive years) of the logarithm of employment in private firms
(DLEmp_AVG); the average of the logarithm of populational density (LPopDens_AVG) and the
differences (in consecutive years) of the logarithm of the number of schools’ students (DLNStudents).
Since there is a certain degree of mobility between pupils of different municipalities, meaning that the
decision to open or close a school can be expected to be influenced by the spatial spillover effect, the spatial
lag of changes in the number of students was also included, at level, and with 9 temporal lags, using queen
contiguity for the spatial weight matrix. The spatial lag was also applied to the residuals (associated with
lambda coefficient).
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Model 1 - Spatial Durbin Error Model:
𝐷𝑃𝑆 = 𝛼 + ∑#!$% 𝛽! 𝑋! + ∑(&$)(𝜃& 𝐷𝐿𝑁𝑆𝑡𝑢𝑑𝑒𝑛𝑡𝑠'& + 𝜌& 𝑊 𝐷𝐿𝑁𝑆𝑡𝑢𝑑𝑒𝑛𝑡𝑠'& ) + 𝑢

(1)

where:
𝑋 = {𝑇𝐹𝑒𝑟𝑡𝑅𝑎𝑡𝑒_𝐴𝑉𝐺, 𝑀𝑖𝑔𝑅𝑎𝑡𝑒_𝐴𝑉𝐺, 𝐿𝐴𝐼𝑛𝑐𝑜𝑚𝑒_𝐴𝑉𝐺, 𝐷𝐿𝐸𝑚𝑝_𝐴𝑉𝐺, 𝐿𝑃𝑜𝑝𝐷𝑒𝑛𝑠_𝐴𝑉𝐺};
𝑢 = 𝜆 𝑊 𝑢 + 𝜀,
with 𝜀* ~𝑖𝑖𝑑(0, 𝜎 + ) , 𝑖 = 1, . . . ,278
Interestingly, these results reveal few coefficients that are statistically different from zero for an error
type I of 0.05 or 0.1 (Table 2). For all mainland municipalities, only the coefficients associated with the
variables DLEmp_AVG, LPopDens_AVG, w_DLNStudents_1, w_DLNStudents_3, and
w_DLNStudents_7 can be considered statistically different from zero (with a p-value < 0.1).
TABLE 2.
Spatio-temporal SDEM model to study the changes in the number of schools from 2007 to 2016
Coefficient

z-statistic

p-value

CONSTANT

Variable

0.317

0.115

0.909

TFertRate_AVG

0.272

0.641

0.521

MigRate_AVG

0.151

1.115

0.265

LAIncome_AVG

0.028

0.070

0.945

DLEmp_AVG**

7.271

2.850

0.004

LPopDens_AVG**

-0.170

-4.007

0.000

DLNStudents_0

0.406

0.382

0.703

DLNStudents_1

0.412

0.355

0.723

DLNStudents_2

0.571

0.462

0.644

DLNStudents_3

-0.301

-0.246

0.806

DLNStudents_4

-1.305

-1.124

0.261

DLNStudents_5

1.147

0.925

0.355

DLNStudents_6

-0.847

-0.623

0.533

DLNStudents_7

-0.254

-0.215

0.830

DLNStudents_8

-0.100

-0.105

0.916

DLNStudents_9

-0.374

-0.417

0.677

w_DLNStudents_0

0.410

0.815

0.415

w_DLNStudents_1*

-1.043

-1.933

0.053

w_DLNStudents_2

0.454

0.852

0.394

w_DLNStudents_3**

1.539

3.082

0.002

w_DLNStudents_4

0.081

0.152

0.879

w_DLNStudents_5

-0.634

-1.260

0.208

w_DLNStudents_6

-0.327

-0.538

0.591

w_DLNStudents_7**

1.515

2.641

0.008

w_DLNStudents_8

0.243

0.669

0.503

w_DLNStudents_9

-0.324

-0.912

0.362

lambda

0.005

0.251

0.802

Note: * significant p-value < 0.1; ** significant p-value < 0.05
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The positive coefficient of the variable DLEmp_AVG is in line with the literature, considering that
more urban municipalities with higher employment growth are likely to witness fewer school closures than
more rural and less attractive municipalities (Slee & Miller, 2015). However, the significant coefficients
also reveal unexpected results. The negative coefficient for LPopDens_AVG, for example, is contrary to
previous findings, which considered that most school closures occur in rural settings (Amcoff, 2012; Autti
& Hyry-Beihammer, 2014; Sørensen et al., 2021). Most importantly, the number of primary schools
would be expected to respond to changes in the number of students in each municipality, and not only to
changes in the number of students of the geographic neighbours.
To further complicate the analysis, the spatially lagged coefficients of time lags 3 and 7 are positive,
while time lag 1 is negative. This means that there tends to be a contagion effect associated with the
enrolment of pupils in neighbouring municipalities in the short and medium-term, while municipalities
in geographic locations where there was growth some years ago are likely to have witnessed a consolidation
of the school network since then.
While these findings show the many different policy responses to shrinking student populations
mentioned in the literature (Cordeiro et al., 2012; Wolf et al., 2018), they also show signs that these
responses do not occur in short periods, but are more a consequence of medium to long term, cumulative,
trends. This justifies the approach followed in the next section, where a cross-section model was applied
to the whole period.

2.3. Cross-section model
For the cross-section analysis, we used the changes from 2007 to 2016 in the number of schools
(DPS), the number of students (DLNStudents), and the employment by private firms (DLEmp). The
spatial lag was introduced only for the variable DLNStudents and the remaining variables were considered
with their average values from 2007 to 2016. The White robust consistent estimation was used for the
variance matrix of coefficients.
This model can be formulated as:
Model 2 - Spatial Lag model:
𝐷𝑃𝑆 = 𝛼 + ∑,!$% 𝛽! 𝑋! + 𝜌 𝐷𝐿𝑁𝑆𝑡𝑢𝑑𝑒𝑛𝑡𝑠 + 𝜃 𝑊 𝐷𝐿𝑁𝑆𝑡𝑢𝑑𝑒𝑛𝑡𝑠 + 𝑢

(2)

Where:
𝑋 = {𝑀𝑖𝑔𝑅𝑎𝑡𝑒_𝐴𝑉𝐺, 𝐷𝐿𝐸𝑚𝑝, 𝐿𝑃𝑜𝑝𝐷𝑒𝑛𝑠_𝐴𝑉𝐺};
𝑢 ~ 𝑁(0, 𝜎 + 𝐼)
A specification of this model without the spatial component was also applied (Model 3). The
Outputs in Table 3 show the cross-section coefficients' statistics for both models (with and without the
spatial lagged independent variable W DLNStudents). The output produced originally with all variables
in python showed that residuals cannot be considered normal with the Jarque-Bera statistic (p-value <
0.1). Moreover, the model presented symptoms of multicollinearity (Multicollinearity Condition Number
> 10). On the other hand, if the model is reduced to the statistically significant coefficients with a
significance of 10%, this solves the problem of multicollinearity (Multicollinearity Condition Number =
8.833).
Relatively to the Ordinary Least Squares model, Model 2 presents a lower AIC (Akaike info criterion
– 1790.042 and 1841.926), a lower log-likelihood (-889.021 and -915.963), and a higher 𝑅+ (0.328 and
0.184). The former model reveals a positive impact of the percentual changes of employment in private
firms (DLEmp_AVG) to variations in the number of primary schools, in line with the argument made by
Slee and Miller (2015) that the major factor in school closures is the inability of some areas to provide
work for families within a commuting distance. The spatial lagged variable DLNStudents is positive,
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meaning that the variation in the number of students in the neighbouring municipalities has a positive
influence on the variation in the number of primary schools of a given municipality (Table 3).
TABLE 3.
Estimation results for cross-section model
Ordinary Least Squares
Estimation (Model 3)
Variable

Spatial Lag Model (Model 2)

Coefficient

Constant

4.318 (2.993)

8.975 (5.871)

MigRate_AVG

1.702 (1.728)*

0.017 (0.017)

DLEmp

2.342 (1.320)

2.930 (1.732)*

LPopDens_AVG

-1.908 (-6.456)**

-2.138 (-7.639)**

DLNStudents

9.370 (3.702)**

1.196 (0.485)

Lagrange Multiplier (lag)

79.270

Robust LM (lag)

74.807 (0.000)

Lagrange Multiplier (error)

22.592

Robust LM (error)

18.129 (0.000)

Lagrange Multiplier

97.399

(0.000)
(0.000)
(0.000)

Number of Observations

278

R-squared

0.184

0.328

Log-likelihood

-915.963

-889.021

Akaike info criterion

1841.926

1790.042

Lag coefficient (𝜃)

3.864 (6.815)**

Note: * significant p-value < 0.1; ** significant p-value < 0.05; estimated with white standard errors.

This stresses the spatial nature of this kind of process, and the need to consider the broader structures
of spatial dependence for understanding variations in the number of schools at the local scale (the spatial
autocorrelation in school demand has already been observed by Torres and Prior, 2015, while the spatial
autocorrelation in demographic variables has been analysed quite extensively by authors such as Carioli et
al., 2021, or Castro et al., 2015).
But most importantly, and counterintuitively, the evolution of the number of students and the
average population density have no statistically significant relationship with changes in the number of
schools (as was noted, low-density, remote, municipalities would be expected to be subject to more school
closures). The most plausible explanation for these findings is that in many municipalities the lower
threshold of service provision is being approached, considering the many years of school consolidation and
the legal obligation to provide this service at a reasonable distance. In other words, some municipalities
with very negative values in the number of students cannot close more schools, and most of the more
recent consolidation is occurring in municipalities with a higher number of schools. This assumption
seems to be confirmed by Figure 2, which shows a negative correlation between the number of primary
schools in a municipality, and the evolution of the number of primary schools.
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FIGURE 2.
The number of Primary Schools in 2007 and Changes in the Number of Primary Schools from
2007 to 2016 for the mainland Portuguese municipalities

Changes in the N. of Primary Schools

Pop. Density
[4, 18]
]18, 43]
]43, 96]
]96, 235]
]235, 7491]

0

-10

-20

-30

-40
0

50

100
150
N. Primary Schools in 2007

200

Note: Each coloured ball corresponds to the quintile interval to population density in 2016 from the less dense
municipalities (clearer) to the denser municipalities (darker).

2.4. Analysis of the residuals’ spatial autocorrelation
Considering that the error term of the model does not follow a normal distribution and that there
is a known spatial dimension in the changes in the number of primary schools at the municipal level, it is
worth analysing the spatial autocorrelation in the model’s residuals. And the Moran’s I shows a significant
spatial autocorrelation of 0.167 (pseudo-p-value < 0.001) between the residuals of the considered
municipalities and their geographic neighbours, using a queen contiguity matrix.
At the local scale, and considering the Local Indicator of Spatial Association (LISA) as defined by
Anselin (1995), significant clusters of municipalities with high residuals can mainly be observed in lowerdensity areas in the northeast and the centre of the country, although a positive cluster is also located in
the south of Lisbon, at the Setúbal Peninsula (Figure 1). Significant spatial associations with low residuals
mainly occur in the more densely populated coastal areas. This adds evidence to the possibility, discussed
in the previous section, that many municipalities have already reached their lower limit in school closures
since the more remote and lower-density territories in the interior tend to have a more positive evolution
in the number of primary schools than would be expected by their demographic and socioeconomic
characteristics.
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FIGURE 3.
LISA Cluster of residuals at left. Moran Local Scatterplot at right
Resisuals > 0

Moran’s I = 0.167 (Pseudo p-value = 0.001)

Moran Local Scatterplot

Spatial Lag of Residuals

2

t

1

0
-1

-2
-4

-3

-2

-1

0

1

2

Residuals
HH
HL
LH
LL
ns

Note: [///] means municipalities with dependent variable values greater than estimated values, considering a significance of
0.05. HH means significant clustering of high with high values, HL high with low, LH low with high, and LL low with
low; ns means non-significant values.

3.

Conclusions

Drawing on previous work relating to the way the number of schools is adjusted to the number of
students at the local scale (Cordeiro et al., 2014; Marques, Tufail, et al., 2021), this article contributes to
understanding the time lag of this adjustment, as well as the different factors and territorial contexts that
are relevant for this relationship, through a spatio-temporal and a cross-section spatial error model.
The first major finding of this approach is that the decisions to open or close schools cannot be
understood as a consequence of short- or medium-term fluctuations in the number of students, but are
the outcome of long-term, multidimensional, processes.
The second finding is that, in each municipality, the number of schools has no statistically significant
relationship with the changes that occur in the number of students, but there is a significant relationship
between changes in the number of schools and changes in the number of students in the geographic
neighbours of the municipalities. The spatial structure in these processes is also visible when considering
the residuals of the second model, which show that the tendency for closing more or fewer schools than is
estimated by the model follows geographic patterns.
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The third finding, which is a consequence of the previous one, is that spatial density has a negative
relation with the changes that occur in the number of schools. As was discussed, in declining populations,
variations in the number of students only lead to school closures until a certain threshold is attained:
minimum standards in school provision guarantee that each municipality retains a small number of schools
even when the number of pupils continues to decrease. This finding might also be related to the different
rhythms of school network consolidation, where the territories which are declining at the fastest rates are
the first ones to witness school closures, which afterwards spreads to the more central locations.
Fourth, while primary schools may be able to influence household location decisions and other
service investments (Lehtonen, 2021), this analysis also revealed a positive influence of the changes in the
employment provided by private firms on the changes in the number of primary schools.
In short, the planning of primary school facilities must be understood in the context of broader
spatial processes. These processes, while providing interesting material for scientific inquiry, also pose
significant challenges to their analysis. Given the many factors which influence the number of primary
schools, and the slow response to changes in these factors, it could be useful to consider: longer time series
(several decades), to better understand the significant temporal lags in variables that can contribute to
changes in primary schools; smaller (or different) statistically units, to perceive the clustered economic and
demographic dynamics of the territory and their relations with the provision of services of general interest;
a more diversified set of variables. It could also be useful to explore the lower limit of school provision,
namely considering the degree of spatial accessibility or student-to-school ratios, which the models showed
to be important. Finally, it could be interesting to explore the different responses of public and private
schools to changes in the socioeconomic and territorial contexts, although the relatively small number of
private schools and their absence in many contexts would pose methodological challenges.
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