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approach

ABSTRACT

In Portugal the distribution of population and economic activity is strongly asymmetrical,
creating significant differences in development. Traditionally, a distinction is made, among
others (e.g. north-south), between coastal and inland areas - the first is young, urban, dynamic
and economically vibrant, while the second is aged, rural, declined and economically
depressed. However, a more detailed analysis reveals that several inland and coastal areas are
similar in their levels of development when considering their territorial capital, meaning

economic, social and environmental capital.

Based on this assumption, this study aims to analyse the differences of development in
Portuguese regions from a different perspective. The objective is to identify homogeneous
areas, by differentiating and measuring the differences between areas more and less

developed, be it in the coast or inland.

The analysis of relevant variables will be made at the NUTS IlI level, with data from the last
Portuguese CENSUS (2011). The statistical analysis is primarily based on descriptive
statistics followed by multivariate data analysis (cluster analysis, principal components
analysis and discriminant analysis). The results obtained allow us to conclude that there is a
large difference in terms of development levels recorded in the Portuguese regions and also
that there are groups of regions with common characteristics that go beyond the classic north-
south or coastal-inland distinctions. Metropolitan areas and regions more export oriented are
clearly distinguishable from the rest of the country. Furthermore, the indicators typically

associated with urban dimensions are those who reveal more differences across the country.
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1. INTRODUCTION

Territorial Development is an important interdisciplinary research topic for many experts
(lanos et al., 2013). However, when considering regional disparities in terms of development,
distribution of population and economic activity, one of major difficulties in the analysis is
their assessment based on effective tools. These tools, which can be a territorial index (lanos
et al., 2013), various indicators (UN CSD, 2007) or other reliable measures, generally
incorporate physical and social sciences knowledge and calibrate progress toward sustainable
development goals. They may also perform other functions such as support informed
decision-making process regarding sustainable development or prevent economic, social and
environmental setbacks (UN CSD, 2007).

In Portugal, the distribution of population and economic activity are strongly asymmetrical,
creating significant differences in development. After a relative agricultural decline and
attractiveness of urban areas, in the last two decades, a variety of different circumstances and
types of problems can explain the strong asymmetry between different Portuguese regions.
Traditionally, a distinction is made, among others (e.g. north-south), between coastal and
inland areas in terms of distribution of population and economic activity - the first is young,
urban, dynamic and economically vibrant, while the second is aged, rural, declined and
economically depressed. Nevertheless, a comprehensive study shows that several inland and
coastal areas are similar in their levels of development, when considering their territorial

capital, meaning economic, social and environmental capital.

Even with the new flush in agriculture sector and its relatively well performance in economic
terms, some areas continue to suffer from problems of low wages, desertification and
underemployment. In areas with low activity rates and high unemployment, it is difficult to
reverse the situation. Any sort of new approach that can be effective on the evaluation of
intra-regional disparities and, in turn, may promote new opportunities for providing useful
information to support decision making process thus supporting the population, should be

increased.

As Ferrdo discusses (2013), we also consider that the traditional ways of discussing the
problem of territorial disparities in Portugal is not the one who best reflects the reality. As
said before, the differences in development, in Portugal, go beyond the old concepts of the
north-south or coastal-inland distinction. It seems therefore, more relevant, the proposed
representation of differences in development in “archipelagos” (Ferrdo, 2002). These




“archipelagos” are constituted by 2 or 3 largest islands of development, which are

significantly more distant from the general level of development of most of the country.

Thus, the aim of this study is to identify homogeneous areas, by differentiating and measuring
the differences between areas more and less developed, be it in the coast or inland. For this, a
set of variables were chosen from the Portuguese Regional Development Composite Index,
developed by the Statics Portugal and the Department of Prospective and Planning (INE and
DPP, 2009).

After this introduction, the study is organized as follows: in Section 2, a reference to some
other studies about this theme is made. In section 3 we present the discussion related to the
working hypothesis, choice of variables and available data as well as the methodology used in
the data treatment. Then, in the section 4, we present the results of data analysis as well as
their discussion. We conclude this paper with a section of final remarks and some proposals
for further developments.

2. SOME STUDIES ON DIFFERENCES IN INTRA-REGIONAL DEVELOPMENT

Several approaches, different variables and different dimensions are possible, and frequently
used, in the analysis of the level of development of territories.

According to different objectives and aims, several indicators or indexes are used to measure

how a territory is “well developed” or not, let us say, how sustainable or not is a territory.

To mention a few, in 1996, following the recommendations from Agenda 21,2 United Nations
published a ‘blue book’ on a set of 139 Indicators of Sustainable Development, grouped on
four categories corresponding to the 40 chapters of Agenda 21: social, economic,
environmental and institutional (UN CSD, 1996), that has been tested by several countries
and improved over the years (UN CSD, 2001 and 2007). In Europe, Sustainable Development
Indicators were developed to monitor the implementation of the EU Sustainable Development
Strategy (CEC, 2005) based on the “existing indicator initiatives, such as those of the UN
Commission on Sustainable Development and OECD, the Structural Indicators, the Laeken
indicators, indicators monitoring the Cardiff integration process (agriculture, energy,
transport), and the core set of indicators of the European Environment Agency” (idem: 3). A
large number of indicators (155) was identified and grouped in three different levels and 10

® Agenda 21, Programme of Action for Sustainable Development, adopted at the United Nations Conference on
Environment and Development, Rio de Janeiro, Brazil, 1992.




themes: Economic development; Poverty and social exclusion; Ageing society; Public health;
Climate change and energy; Production and consumption patterns; Management of natural
resources; Transport; Good governance and Global partnership.

A large number of countries have developed their own national set of indicators, often based
on the indicators already developed at the International or European level. Also in Portugal, in
2000, a first Proposal of Sustainable Development Indicators was published (DGA, 2000),
identifying 132 indicators grouped in four themes: 72 environmental, 29 economic, 22 social
and 9 institutional. For each indicator, an analysis of Regional Asymmetries, meaning the
evaluation of its regional variation is possible. In 2007, this study was revised and updated
(APA, 2007) not only to improve the previous but also to get a better linkage to the
Portuguese Sustainable Development Strategy (RCM, 2007) objectives and goals. A total of
118 indicators was identified: 36 environmental, 36 economic, 36 social and 10 institutional
and four types of indicators was defined: base-indicators; key and regional indicators; and
sectorial indicators. A straight linkage to the Statistics Portugal (INE) was established and
data is collected taking into account the seven objectives of the Portuguese Sustainable
Development Strategy and three levels of indicators, at different geographic levels — national,
with possible disaggregation at NUTS Il level and occasionally at local level (APA, 2007;
Siméo, 2014).

Having such data available, the methodological question posed to this study — identify
homogeneous areas, by differentiating and measuring the differences between areas more and
less developed, be it in the coast or inland — is related with the level of detail: national and
NUT II levels are not suitable to this analysis, due to the territorial approach we would like to
stress.

Another approach is proposed by INE and DPP (2009): “the construction of a composite
indicator of development (...) to making available a tool that can support the context analysis
of public policies being of territorial nature or other policies with different territorial impact,
while making it possible to synthesise regional development with its different strands. It
would also serve as a tool for several actors with an interest in territorial matters.” (idem: 11).
Data analysis and results are referred to the NUT 111 level (allowing, by aggregation, to make
analysis at NUT II level). The so-called Regional Development Composite Index is based on

a three-fold dimension,* on a total of 85 indicators: Competitiveness (35), Cohesion (35) and

* A previous work developed by Mateus et al. (2005) centred in two dimensions — Territorial Competitiveness
and Economic and Social Cohesion, was the first step to the development of this composite index.




Environmental Quality (15), following the more recent discussion about territorial cohesion

and more adequate to the present analysis.

3. DATA AND METHODOLOGY

Following the above and for the purpose of this study, the choice of indicators was made upon
the Regional Development Composite Index (INE and DPP, 2009). Among the vast number
of indicators, very demanding in terms of statistical treatment, the set of indicators was
reduced in a way that seems to best suit the objectives of the study and statistical methods to
be adopted. On the other hand, much of the data presented in the Regional Development
Composite Index result from a confidential and specific collection made in various
institutions and organizations, with a proper treatment, not available for public and further
analysis. In this sense, the choice of indicators also had to take into account which data are
available in the national statistical system. These data was directly collected and used but, in

some cases, it was necessary to process them, to create the indicators needed for the analysis.

Based on the indicators defined for the three dimensions, some were chosen from each
dimension according to their relevance to the study (Table 1), upon which the analysis will
rely on. These data were collected in many statistical sources.

Table 1: Territorial development indicators

Gross Domestic Product — GDP - (PIB)

Competitiveness | Population density (DP)

Proportion between the value of goods imported and exported by companies
(PIEE)

Employed population (PE)

Number of computers connected to the internet in primary and secondary school
(CLIE)

Accommodation and food companies (EAR)

Proportion of population living in places with 10,000 or more inhabitants (PPU)
Number of Established Companies (SC)

Expenses on R&D in the higher education sector by region (I&DIES)

Foreign population with legal resident status in% of population (PER)

Longevity Index (IL)

Cohesion Average monthly earnings of people working for others (GMMTPCO)
Population connected/served by public water supply systems % (PSSAA)
Inhabitants per doctor employed in health centres (HMSCS)

Teaching staff in higher education (total) (DIES)

Proportion of population living in places with less than 2000 inhabitants (PPR)
Youth Index (1J)

Unemployment by individual employed (DES)

Iliteracy rate (TA)

Proportion of population with secondary education (PPES)

Urban waste collected per capita (RURH)




Environmental | Proportion of population served by of wastewater treatment plants (PPSETAR)
Quality Expenses of municipalities with management and environmental protection
(DMGPA)

Agricultural area used (SAU)
Burnt area (AA)
Urban waste produced (RUP)

Source: Own elaboration based on data collected from INE, PORDATA, DGEEC/MEC, IPCTN

We emphasize that instead of measuring the degree of achievement of certain levels of
sustainable development according to defined criteria or to explore territorial asymmetries
and/or inequalities at a regional or sub-regional level, according to predetermined
administrative features — already done in the works above referred, we consider more
interesting to find out homogeneous areas in terms of relevant development parameters,
creating a new geography based on relevant territorial factors in order to demystify the
preconceived ideas about development in Portugal — no more north/south, inland/costal areas

or urban/rural areas.

This analysis is based on Cluster Analysis, Discriminant Function Analysis (DA) and
Principal Component Analysis (PCA). Regarding to the objectives of the study, the use of
these methodologies tried to classify the territorial units under analysis (NUTS IlI),
distinguishing them according to their respective development levels. Obtained the various
clusters, discriminant analysis was used, allowing to verify which are the most relevant
variables in differentiating those clusters. In addition, we apply the PCA to summarize the
main dimensions with higher contribution to the explanation of differences in development in
the NUTS 11 regions of Portugal.

Cluster analysis groups objects (observations, events) based on the information found in the
data describing the objects or their relationships. The goal is that the objects in a group will be
similar (or related) to one other and different from (or unrelated to) the objects in other
groups. The greater the similarity (or homogeneity) within a group, and the greater the
difference between groups, the “better” or more distinct the clustering. Objects (samples,
measurements, patterns, events) are usually represented as points (vectors) in a multi-
dimensional space, where each dimension represents a distinct attribute (variable,
measurement) describing the object. For simplicity, it is normally assumed that values are
present for all attributes. The data is sometimes transformed before being used, once different
attributes may be measured on different scales, e.g., centimeters and kilograms. In cases

where the range of values differs widely from attribute to attribute, these differing attribute




scales can dominate the results of the cluster analysis and it is common to standardize the data
so that all attributes are on the same scale. The following are some common approaches to
data standardization. In hierarchical clustering, the goal is to produce a hierarchical series of
nested clusters, ranging from clusters of individual points at the bottom to an all-inclusive
cluster at the top. A diagram called a dendrogram graphically represents this hierarchy and is
an inverted tree that describes the order in which points are merged or clusters are split. To
develop this analysis, Ward’s Method was used. For Ward’s Method the proximity between
two clusters is defined as the increase in the squared error that results when two clusters are
merged. Thus, this method uses the same objective function as is used by the K-means
clustering. While it may seem that this makes this technique somewhat distinct from other
hierarchical techniques, some algebra will show that this technique is very similar to the
group average method when the proximity between two points is taken to be the square of the
distance between them.

Discriminant Function Analysis undertakes the same task as Multiple Linear Regression by
predicting an outcome. However, multiple linear regression is limited to cases where the
dependent variable is an interval variable. DA uses a collection of interval variables to predict
a categorical variable that may be a dichotomy or have more than two values. The technique
involves finding a linear combination of independent variables (predictors) — the discriminant
function — that creates the maximum difference between group membership in the categorical
dependent variable. Stepwise DA is also available to determine the best combinations of
predictor variables. Thus, creating an equation that will minimize the possibility of
misclassifying cases into their respective groups or categories, discriminant analysis is a tool
for predicting group membership from a linear combination of variables (Agresti, 1996).

PCA was developed by Pearson (1901) and Hotelling (1933); is a statistical analytical tool
that is used to explore, sort and group data. PCA take a large number of correlated
(interrelated) variables and transform this data into a smaller number of uncorrelated variables
(principal components) while retaining maximal amount of variation, thus making it easier to
operate the data and make predictions. Or, as Smith (2002: 222) puts it, “PCA is a way of
identifying patterns in data, and expressing the data in such a way as to highlight their
similarities and differences. Since patterns in data can be hard to find in data of high
dimension, where the luxury of graphical representation is not available, PCA is a powerful
tool for analyzing data.”




4. ANALYSIS AND INTERPRETATION OF RESULTS

The main concern underlying this study was the evidence of existing differences between the
different Portuguese regions.

One of the methods used to measure these differences, even if not taking into account the
different territorial characteristics, is through descriptive statistics. In this sense, GDP was
analysed in the 28 NUTS Il in Continental Portugal. The results (Table 2) reveal, even
without territorial framework, that the level of income raised in the different Portuguese
regions is very different between them. As an example, the region with the highest GDP has a
value about 140 times bigger than the region with the lowest value. This asymmetry shows
clearly the development differences in the Portuguese territory. Furthermore, comparing the
Portuguese average value with those from EU (28),> Portugal is in an unfavorable position,
being the 11™ country with a lower GDP. Bulgaria is the country with the lowest GDP (47),
while the opposite is Luxembourg (266).

Table 2: Descriptive statistics related to GDP

Statistic Std. Error
Mean 5788,83575 1944,173898

95% Confidence Interval for Mean Lower

1799,72042
Bound

Upper

Bound
5% Trimmed Mean 3924,62185
Median 3069,85250
Variance 105834740,038
Std. Deviation 10287,601277
Minimum 385,271
Maximum 54197,197
Range 53811,926

9777,95108

Interquartile Range 3718,620
Skewness 4,246

Kurtosis 19,563
Source: Own elaboration. Data: INE. Unit:; 1000 €

For a better understanding about these differences all over the country, a clusters analysis was
performed, following the Ward Method, in order to identify homogeneous groups — meaning,

® UE 28=100 (Source: DGAE/MNE, 2014:106).




in this case, regions that present identical levels of development. Table 3 shows the finding
results.
Table 3: Regions integrating the different clusters

Cluster NUTS Main
Characteristic

Minho-Lima, Douro, Alto Tras os Montes, Pinhal Rural regions
Interior Norte, Pinhal Interior Sul, Serra da Estrela, Beira
Interior Norte, Beira Interior Sul, Cova da Beira,
Alentejo Litoral, Alto Alentejo, Alentejo Central e Baixo
Alentejo

Céavado, Ave, Tamega, Entre Douro e Vouga, Baixo Rural and
Vouga, Baixo Mondego, Pinhal Litoral, Ddo-Laf6es, Industrial
Oeste, Médio Tejo, Leziria do Tejo regions

Grande Porto, Grande Lishboa Metropolitan
regions

Peninsula de Setubal, Algarve Exporting
regions

Source: Own elaboration

This method allows to clearly identify four different types of territories in continental
Portugal: a first one, mainly rural, from north to south, mainly inland (Cluster 1); a second
one, in the centre/north of the country (Cluster 2), where are placed industrial territories and
some others of services; the metropolitan areas constitute a third cluster (Cluster 3); and a
fourth type of regions with intense levels of economic activity and mainly of export activity
(Cluster 4).

Figure 1 illustrates the differences between the regions grouped in these 4 clusters, measured
solely by GDP. Cluster 1, that includes mainly the inland rural regions, is the cluster with the
lowest income and some asymmetry between the different NUTS within the cluster. On the
other hand Cluster 3, with the higher level of income but also a slightly asymmetric
distribution, distant from all the others. Figure 1 shows the asymmetries between the
metropolitan areas (Cluster 3) and the rest of the country.

Figure 1: Boxplot, by cluster, of GDP
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Table 4: Tests of Equality of Group Means

Wilks'
Lambda F Sig.
PIB 200 31,979 000
DP 053 143,421 000
PIEE 885 1,035 395
PE 758 2 558 079
CLIE 101 71.078 000
EAR 114 62,090 000
PPU 306 18,123 000
sC 759 2539 080
I&DIES 205 31,081 000
PER 474 8,891 000

IL

349 14,913 000
GMMTPCO 475 8.826 000
PSSAA 817 1,795 175
HMSCS 928 622 607
DIES 125 55.895 000
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PR 424 10,857 000
L 408 11,614 000
DIES 755 2,595 076
v 219 28,545 000
FIRIES 395 12,276 000
RURIR 508 7,754 001
FIPEIETA 755 2,591 076
BRI 201 31,890 000
sl 754 2,604 075
o 002 867 472
R 090 81,003 000
FIPEY 627 4,752 010
933 720 3,110 045

Source: Own elaboration

Given the differences in the regions, the approach of discriminant analysis will be tested. This
methodology allows us to know the most important indicators that distinguish the groups.
First, we assess the equality of group means. For the most of indicators used, it is found that
the null hypothesis of equality of means is rejected (sig. <0.05), which means that there are
significant differences between the various clusters (Table 4). The Wilks’ Lambda shows us
that indicators such as DP, RUP, CLIE, DIES and EAR are those with the largest differences
between the clusters. These indicators reflect mainly characteristics associated with urban
areas, distinguished from the average for the territory. On the other hand, we can observe that
the indicators PIEE, PE PSSAA, HMSCS, PPSETAR, SAU, AA has no significant differences
(sig. > 0.05) between the various clusters. These indicators are related with economic activity,
basic infrastructure and health access as well as characteristics of rural areas.

Assessing the importance of discriminating functions (Table 5) indicates that the first function
helps to explain 84.7% of the variance between clusters. In addition, we can conclude from
Wilks’ Lambda (Table 6) that the hypothesis of the equality of the means of discriminating
functions is also rejected.

12



Function

Table 5: Eigenvalues

Eigenvalue

% of Variance

Cumulative %

Canonical
Correlation

313,881°
30,817°
25,765°

84,7
8,3
7,0

84,7
93,0
100,0

a. First 3 canonical discriminant functions were used in the analysis.
Source: Own elaboration

Table 6: Wilks' Lambda

Test of Function(s)

Chi-
square

1 through 3
2 through 3

162,491
87,712

;998
,984
,981

3 42,732

Source: Own elaboration

The principal components analysis was also performed with the same set of indicators (used
to explain the differences between the different continental Portuguese regions), aiming at
finding the principal factors that can explain these differences of development in Portugal.
This principal components analysis shows that the set of all indicators can be grouped into 6
major factors, which have an explanatory capacity of about 85% (Table 7).

Table 7: Rotated Component Matrix”

Component
1 2 3 4 5 6

DIES ,976
I&DIES ,961
PIB ,949
DMGPA ,933
CLIE ,918
DP ,904
RUP ,902
EAR ,856
GMMT
8 ,786
PPU 756
PPSV ,697
PPR -

,686
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ACEE 573 521
PE -
,946
DES ,945

,655
PPES ,538 771
PER ,763
RURH 7152

,681

,798
TA ,786
IL 134
PPSETA
R
SAU ,672
HMSCS ,804
PSSAA -
,548

577

PIEE -

,703

Extraction Method: Principal Component Analysis.
Rotation Method: Varimax with Kaiser Normalization.?
a. Rotation converged in 19 iterations.

Source: Own elaboration

The first factor (that explains about 45,57% of variance) brings together some of the
indicators more related with urban areas, like the density of population, urban waste produced
and GDP, but also indicators related with the higher education (Teachers and Expenses in
D&l in higher education), with information technologies and with the intervention of the

municipalities (municipal expenses in management and protection of environment).

The second factor (that explains about 11,95% of variance) is related with the dynamics of
economic activity (employment, unemployment, existing companies). The third factor also
brings together indicators related with urban dynamics: proportion of population with
secondary education, proportion of foreign population living in place and the urban waste
collected as well as a negative relation with the level of burnt area. The fourth factor group of
indicators is related with aged rural areas — longevity index, illiteracy index, agriculture area
used and the proportion of population served by wastewater treatment facilities. At the same

14



time, there is an inverse relation with the youth index. The fifth factor have a strong relation
with health services (number of inhabitants per doctor) and the sixth factor is related with the
weakness of the business dynamics, showing a negative relation with the proportion of

imports and exports in the business companies.

5. FINAL REMARKS AND FURTHER DEVELOPMENTS

Several authors during the last decades have been studying development issues, particularly
the measurement of regional disparities. The nature of development — a multidimensional
process reflected in the degree of access to diversifiable set of opportunities offered
continuously to the inhabitants of a territory, which allow a satisfactory personal and
professional fulfilment and quality of life — and its complexity does not allow to be observed
through aggregate indicators that hide asymmetries and inequalities. The instruments of

measurement and analysis that enable to meet development goals are quite varied.

In this work we use as input some (29 indicators) of the many indicators that comprise the
Portuguese Regional Development Composite Index, developed by the Statics Institute (INE
and DPP, 2009). This Index helps to characterize quantitatively the level or degree of
development, from a broad list of indicators, grouped into the components of
Competitiveness, Cohesion and Environmental Quality. In this study, considering the selected
indicators and analyzing how they are grouped (cluster analysis), the aim is to identify the
differences in development between various regions. Furthermore, to verify whether these
differences between regions are significant (discriminant analysis). The factor analysis, in
turn, allows us to verify that the main categories in which are grouped the selected indicators.

In other words, starting from a multivariate approach the intention is to identify homogeneous
areas, based on the assumption that some inland and coastal regions intersect in their levels of
development, considering their territorial capital (economic, social and environmental). Data
analysis shows that the traditional distinction made between coastal and inland regions — the
first young, urban, dynamic and economically vibrant, and the second aged, rural,
economically stagnant and depressed — decreases when a detailed approach (such as NUTS

I11) based in different socio-economic indicators is made.

First of all, a great dispersion is observed in existing levels of development of many regions,
measured by GDP. Cluster analysis, in turn, reveals the existence of 4 groups of regions in
Portugal: a first one, mainly rural, from north to south, mainly inland (Cluster 1); a second

15



one, in the centre/north of the country (Cluster 2), where are placed industrial territories and
some others of services; the metropolitan areas constitute a third cluster (Cluster 3); and a
fourth type of regions with intense levels of economic activity and mainly of export activity
(Cluster 4). The boxplot of GDP, by clusters, shows that metropolitan areas of Greater Lisbon
and Greater Oporto, clearly stands out from other NUTS 111 with higher GDP levels, revealing
highest levels of development. The discriminant analysis shows that the most important
indicators that distinguish the groups (clusters) are those that reflect mainly characteristics
associated with urban areas, distinguished from the average for the territory. In turn, the
principal components analysis shows that the set of all indicators can be grouped into 6 major
factors, which have an explanatory capacity of about 85%. The first one explain about
45.57% of the variance; this factor is also related with urban areas, since it is based in
variables as density of population, urban waste produced and GDP, higher education
(Teachers and Expenses in D&I in higher education), information technologies and with the
intervention of the municipalities (municipal expenses in management and protection of

environment).

In summary, the studies developed so far allow to conclude that there is a large difference in
terms of development levels recorded in the Portuguese regions and also that there are groups
of regions with common characteristics that go beyond the classic north-south or coastal-
inland distinctions. Metropolitan areas and regions more export oriented are clearly
distinguishable from the rest of the country. Furthermore, the indicators typically associated

with urban dimensions are those who reveal more differences across the country.

The work started now has still a long way to go. The cluster analysis should also be
complemented with the development of thematic clusters, grouping the variables in the
dimensions of Competitiveness, Cohesion and Environmental Quality. Moreover, we also
consider essential to disaggregate principal components analysis for each of the 4 clusters
obtained, in order to understand the differences between the relevant factors in each of the
clusters. This will allow deepening the analysis of homogeneous areas, distinguishing and
measuring the differences between more and less developed areas.
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