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This paper examines the coexistence of tourism and technology across European NUTS-3 regions
using Eurostat employment data for 2003-2023. A relative specialisation index is constructed to
classify regions according to their sectoral profiles, and a Bai-Perron test applied to regional income
identifies a structural break around 2010, allowing comparison between pre- and post-break periods.
The results show strong persistence in regional specialisation patterns, alongside moderate shifts
away from dual-specialised configurations towards more asymmetric structures. Low-specialisation
profiles dominate, particularly among lower-income regions, while higher-income regions are more
frequently associated with technology-intensive and dual-specialisation patterns. Structural changes
are sector-specific and income-dependent, with technology-related specialisation exhibiting greater
variability in both income groups, particularly among higher-income regions. Overall, tourism and
technology frequently coexist within differentiated regional configurations associated with different
initial conditions and sectoral profiles. By providing evidence at a highly disaggregated territorial level,
this paper contributes to the literature by moving beyond dichotomous interpretations of sectoral
development and documenting the coexistence of multiple, heterogeneous regional trajectories in
the interaction between tourism and technology.

Palavras-chave: Resumo

Especializagao regional; Este artigo examina a coexisténcia entre turismo e tecnologia nas regides europeias NUTS-3, utili-
Estrutura setorial; zando dados de emprego do Eurostat para o periodo 2003-2023. Um indice de especializagéo re-
Turismo; lativa € construido para classificar as regides de acordo com seus perfis setoriais, e um teste de Bai-
Tecnologia; Perron identifica uma quebra estrutural em torno de 2010, permitindo a comparagao entre os peri-
Regides europeias. odos pré e pos-choque. Os resultados mostram uma forte persisténcia nos padrées de especializa-

¢ao regional, jJuntamente com mudangas moderadas de configura¢des de dupla especializacao para
estruturas mais assimétricas. Perfis de baixa especializagdo predominam, especialmente nas regi-
oes de menor renda, enquanto regidoes de maior renda estao mais frequentemente associadas a
perfis intensivos em tecnologia e de dupla especializacdo. As mudancas estruturais sdo especificas
de cada setor e dependem do nivel de renda, com a especializacao relacionada a tecnologia apre-
sentando maior variabilidade em ambos os grupos de renda, particularmente entre as regides de
maior renda. De forma geral, o turismo e a tecnologia coexistem frequentemente em configuracoes
regionais diferenciadas associadas a diferentes condigdes iniciais e perfis setoriais. Ao fornecer evi-
déncia a um nivel territorial bastante desagregado, este trabalho contribui para a literatura ao ir além
das interpretacdes dicotdmicas do desenvolvimento setorial e ao evidenciar a coexisténcia de mdl-
tiplas trajetdrias regionais heterogéneas na interagao entre turismo e tecnologia.

Palabras clave: Resumen

Este articulo examina la coexistencia del turismo y la tecnologia en las regiones europeas NUTS-3
utilizando datos de empleo de Eurostat para el periodo 2003-2023. Se construye un indice de es-
pecializacion relativa para clasificar las regiones segln sus perfiles sectoriales, y un test de Bai-
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Tecnologia; Perron identifica un quiebre estructural en torno a 2010, permitiendo comparar los periodos pre y
Regiones europeas. post shock. Los resultados muestran una fuerte persistencia en los patrones de especializacion re-
gional, junto con desplazamientos moderados desde configuraciones de doble especializacion hacia
estructuras mas asimétricas. Los perfiles de baja especializacion predominan, especialmente en las
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riales. Aportando evidencia a un nivel territorial muy desagregado, este trabajo contribuye a la litera-
tura al ir mas alla de las interpretaciones dicotémicas del desarrollo sectorial y mostrar la coexisten-
cia de multiples trayectorias regionales heterogéneas en la interaccion entre turismo y tecnologia.
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1 INTRODUCTION

The Consolidated Version of the Treaty on European Union (European Union, 2010) establishes that “the Union (...)
shall work for the sustainable development of Europe based on balanced economic growth (...) It shall promote
economic, social and territorial cohesion, and solidarity among Member States” (Article 3[3]). This principle under-
pins the European Union’s (EU) long-standing commitment to economic, social, and territorial cohesion. Within this
framework, understanding the drivers of regional development remains a central concern, particularly given the
persistence of territorial disparities across European regions.

Economic growth theory, as reflected in the contributions of Solow (1956), Romer (1990) and Aghion and Howitt
(1992), emphasises the central role of innovation and knowledge accumulation as key drivers of sustained eco-
nomic growth. Building on this, the economic geography literature has debated whether specialisation or diversifi-
cation better fosters regional development (Marshall, 1890; Jacobs, 1969; Glaeser et al., 1992), while the New
Economic Geography (Krugman, 1991) has placed the spatial concentration of productive activity—driven by ag-
glomeration forces—at the centre of analysis.

These theoretical frameworks gain particular relevance in the context of European economic integration, where the
spatial distribution of economic activity has evolved in a non-uniform manner, combining “some degree of concen-
tration, agglomeration and specialisation both across and within countries” (Cutrini et al., 2022, p. 1). This balance
between centripetal and centrifugal forces occurs because while integration may promote agglomeration, speciali-
sation, and the geographical concentration of economic activity (Krugman, 1993; Venables, 1995), it may also fa-
vour dispersion under certain conditions, particularly as trade costs decline and factor mobility increases (Krugman
& Livas Elizondo, 1996; Puga, 1999; Alonso-Villar, 2001; Behrens et al., 2007).

In this context, the spatial distribution of economic activity cannot be understood independently of its sectoral com-
position, placing the specialisation vs. diversification debate at the centre of regional development analysis. While
specialisation may enhance efficiency and exploit comparative advantages, diversification is often associated with
greater resilience, adaptability, and long-term stability. A key unresolved issue, however, is whether sectors with
distinct structural characteristics tend to co-locate within diversified regional economies or instead reflect alterna-
tive—and potentially competing—development trajectories.

Against this backdrop, tourism and technology emerge as two paradigmatic cases of sectoral specialisation with
contrasting structural profiles: tourism is often characterised by its labour-intensive and limited endogenous inno-
vation capacity (Romao & Nijkamp, 2019) and may become problematic for regions when overspecialisation occurs
(Inchausti-Sintes, 2015); by contrast, technology-intensive sectors are driven by knowledge accumulation, innova-
tion, and human capital—the very engines highlighted by endogenous growth theory. Additionally, existing evidence
suggests that in Europe tourism-related activities are more prevalent in less developed regions, whereas technology-
related employment tends to be more spatially concentrated in higher-income regions (Torres-Penalva et al., 2025).
Together, these theoretical and empirical considerations motivate the central question of this article: to what extent
do tourism and technology co-specialise within European regional economies, how do these configurations vary
across income groups, and how did they evolve in the aftermath of the 2008 financial crisis?

To address this question, and using employment-based indicators of sectoral specialisation, the study adopts an
exploratory and comparative approach to identify the simultaneous presence of tourism and technology specialisa-
tion across regions. In addition, the presence of a structural break associated with the global financial crisis is
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explicitly considered through the application of the Bai-Perron test (Bai & Perron, 1998, 2003), allowing for a dis-
tinction between pre- and post-break dynamics.

This paper contributes to the literature in three main ways. First, it provides a sectoral perspective on the interaction
between tourism and technology, offering new insights into their joint configuration within regional economies. Sec-
ond, it delivers novel empirical evidence for the sub-national territorial unit of analysis employed in this study, as
detailed in the methodology section. This allows the analysis to capture the diversity of territorial structures—some-
thing that is not possible when analytical units are too large to reflect underlying economic complexity (Demblans
et al., 2020; Gagliardi & Percoco, 2017). Third, it introduces a dynamic dimension by examining how these sectoral
configurations evolve over time in the presence of structural change.

The remainder of the article is structured as follows. Section 2 outlines the data and empirical strategy. Section 3
presents the main results. Section 4 concludes and discusses the main implications for regional development and
future research.

2 METHODOLOGY
2.1. Geographical scope of the analysis and variables used

This study uses data for the smallest territorial units in the EU’s standard regional classification system, known as
NUTS-3 regions (Eurostat, 2021). This system—the Nomenclature of Territorial Units for Statistics (NUTS)—organises
territories into hierarchical levels: major socio-economic regions (NUTS-1), basic regions for the implementation of
regional policies (NUTS-2), and smaller territorial units for specific analyses (NUTS-3).

In total, this study covers 1,163 European NUTS-3 regions, representing approximately 95% of all such regions
across 27 EU Member States (Figure 1). This constitutes a relevant methodological contribution, as, to the best of
our knowledge, relatively few studies have examined economic growth and sectoral specialisation across European
regions at the NUTS-3 level, with NUTS-2 remaining the most common unit of analysis—the same level at which
European development and cohesion policies are implemented.

The analysis covers the period 2003-2023, the longest consistently available period for the variables and territorial
coverage considered. It focuses on two sectors—tourism and technology—and on the degree of regional specialisa-
tion in these activities, measured as the share of employment in a given region allocated to each sector relative to
total employment. These employment shares serve as the basis for constructing the relative specialisation indica-
tors used in the empirical analysis. By defining both indicators in this way and using a consistent data source from
Eurostat (Eurostat, 2024a), we ensure direct comparability across regions and over time.

Before defining the sectoral variables, GDP per capita in purchasing power standards (PPS) is used as the main
indicator of regional economic performance, normalised by the European mean, so that a value of 1 corresponds
to the EU average in order to facilitate cross-regional comparability (see Table 1). This variable, retrieved from Euro-
stat (2024b), is employed both to detect structural instability over time, as discussed in the following section, and
to classify regions according to their relative income level. In this context, we conduct three types of analysis: one
for the full sample, and two additional analyses distinguishing between regions above and below the European
average, as discussed in Section 3.3.

As Eurostat (2024a) does not provide a direct measure of tourism-related employment, we approximate the sector
using sections G, H, and | of the Statistical Classification of Economic Activities in the European Community (NACE
Rev. 2)—“Wholesale and retail trade; transport; accommodation and food service activities” (WH)—following previ-
ous studies such as Bimonte et al. (2026), and Moreno-lzquierdo et al. (2026). This approximation introduces a
well-known measurement bias in the definition of tourism activities (Brida et al., 2008), reflecting persistent statis-
tical challenges in capturing tourism specialisation. For the technology-related employment variable, we use NACE
Rev. 2 section J—“Information and communication activities” (IT)—while acknowledging similar limitations in its abil-
ity to fully capture the concept of technological specialisation. Throughout the paper, the terms 'tourism' and 'tech-
nology' are used as shorthand labels for these broader proxies; readers should bear in mind that both indicators
encompass a wider set of activities than those strictly associated with each concept.
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Figure 1 - NUTS-3 regions included in the dataset
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Note: For visual clarity, the map displays only continental Europe. The dataset also includes the islands from the EU members located outside the displayed extent. Regions not included correspond either to areas not covered
by the Eurostat NUTS classification or to regions excluded from the sample because of data availability constraints, such as boundary changes or missing values.
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Table 1 - Core variables used in the analysis

Variable Measure Mean S.D.
GDPpc Average GDP per capita in PPS, normalised by the European mean (EU = 1) 1 0.473
Average share of workers employed in tourism-related activities over total employ-
- - ) 0.235 0.052
ment in the region (all regions)
WH ) )
Lower-income regions 0.231 0.051
Higher-income regions 0.239 0.052
Average share of workers employed in information and communication activities
; h . 0.017 0.014
over total employment in the region (all regions)
T Lower-income regions 0.012 0.007
Higher-income regions 0.025 0.018

As the specialisation variables are not directly available for the full sample of European NUTS-3 regions—particularly
for regions in Spain, Germany and Austria, which account for approximately 43% of the unique NUTS-3 codes in the
sample—missing values were reconstructed by decomposing the aggregate WHO2 category, available in the original
Eurostat database, into its two NACE-based components used throughout the paper: WHO (tourism-related activi-
ties) and IT (technology-related activities). The decomposition is performed using the sectoral structure observed in
regions with complete information. Missing values are estimated through generalised linear models with a logit link,
ensuring that reconstructed sectoral shares remain internally consistent, bounded between 0 and 1, and fully co-
herent with the accounting identity WHO2 = WHO + IT. The share of reconstructed observations remains limited
relative to the full sample.

2.2. Detecting structural breaks in the series

Before comparing the evolution of tourism and technology specialisation across European regions, we assess po-
tential temporal instability by applying the multiple breakpoint procedure developed by Bai and Perron (1998, 2003)
to the series of regional GDP per capita (PPS), as it provides the most robust and comparable indicator consistently
available at the NUTS-3 level over the full sample period.

This methodology has been widely applied across different fields, including energy, sports, legal studies, and various
economic and financial applications, as well as in tourism-related research (Cr6 & Martins, 2017; Mérida et al.,
2016; among others). Its use is particularly suitable in this context, as tourism is highly sensitive to external shocks—
such as economic crises, geopolitical events, and health-related disruptions—while the intensity of its response is
further conditioned by the degree of tourism specialisation and regional dependence. Structural-break methods
have also been applied in tourism economics (Cr6 & Martins, 2017; Mérida et al., 2016; Moreno-lzquierdo et al.,
2026). These methods can capture broad macroeconomic disruptions affecting the economy as a whole—such as
the global financial crisis and the COVID-19 shock—which may alter the composition and relative weight of regional
sectoral employment (Bartelsman et al., 2019).

In general terms, the model can be expressed as:
Ye =+ Bt + &, t=T_+1,..T;

forj = 1,., m + 1, where T; denotes the unknown break dates, m is the number of structural breaks, and the

coefficients are allowed to vary across segments. This framework makes it possible to detect changes in the under-
lying trajectory of the series over time.

Break dates are selected by minimising the residual sum of squares subject to a minimum segment length, ensuring
that each regime contains enough observations. Their relevance is evaluated using sequential testing procedures
and complementary information criteria, particularly the Bayesian Information Criterion (BIC). The estimation is im-
plemented in R using the strucchange package (Zeileis et al., 2002).

Prior to applying the Bai-Perron procedure, an Augmented Dickey-Fuller (ADF) test was conducted to assess the
stationarity properties of the series. The ADF tests fail to reject the null hypothesis of a unit root for both the disper-
sion series (ADF = -1.751, p = 0.667) and the mean series (ADF = -1.545, p = 0.746).
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The Bai-Perron procedure was applied to an aggregate time series of regional GDP per capita (PPS)—specifically,
the cross-sectional standard deviation of log GDP per capita across all NUTS-3 regions in each year—rather than to
individual regional series or panel data. Its results indicate the presence of multiple structural breaks (2006, 2010,
2016, and 2019), while we retain 2010 as the single breakpoint for two reasons: first, implementing all identified
breaks would generate subperiods of insufficient length to obtain stable estimates of sectoral specialisation pat-
terns; second, and more importantly, 2010 corresponds to the most pronounced structural change (Figure 2), while
the remaining breaks are associated with comparatively smaller deviations in regional income dispersion. We there-
fore distinguish between the pre-break period (2003-2010) and the post-break period (2011-2023).

Figure 2 - Structural break in regional income dispersion: Bai-Perron test results
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2.3. Analysis for the pre-break and post-break periods

The empirical strategy adopted in this article is exploratory and descriptive, focusing on identifying, describing, and
comparing regional patterns of tourism and technology specialisation across Europe before and after the identifica-
tion of a structural break.

To capture heterogeneity in development levels, regions are classified according to their average pre-break GDP per
capita (PPS). Based on this measure, regions are classified as either above the European mean standard of living
(higher-income, HI) or below it (lower-income, LI). These labels are purely relative and descriptive, referring to a
region's position with respect to the European mean rather than to any absolute characterisation of income level.
The sample includes 1,163 NUTS-3 regions, of which 660 are classified as lower-income and 503 as higher-income
regions.

To assess whether regions are relatively specialised in tourism and technology, the analysis constructs a Relative
Specialisation Index (RSI). The RSl is constructed from the employment shares described in Section 2.1 by compar-
ing each region’s sectoral share to the corresponding European benchmark. It is defined as the ratio between the
sectoral employment share of each NUTS-3 region and the corresponding benchmark for the full European sample.
Formally, for each region i and sector s, the RSl is defined as:

S..
RSI;; = %
s

where S ; denotes the share of employment in sector s in region i, and S, represents the average sectoral share
across all European NUTS-3 regions. Separate RSI values are computed for the pre-break and post-break periods,
using the corresponding European sectoral employment share in each period as the benchmark.

Values greater than one indicate that the region is more specialised in that sector than the European average, while
values below one denote under-specialisation. Applied to the two sectors examined in this study, this formulation
yields two indicators of regional specialisation: RSIWH, capturing specialisation in tourism-related activities, and
RSIIT, capturing specialisation in technology-related activities. This index is equivalent to the Location Quotient (LQ)
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commonly used in the regional economics literature; the term RSI is adopted consistently throughout this paper.
The RSI therefore allows for the identification of genuine specialisation patterns in the European context, beyond
simple internal sectoral composition, complementing approaches based on the internal structure of regional econ-
omies.

Using the computed values, we construct a quadrant-based classification that assigns each region to a quadrant
separately for the pre- and post-break periods (with 2010 as the break year). Within this framework, Quadrant |
includes regions with high tourism-related and high technology-related relative specialisation; Quadrant Il includes
regions with high tourism but low technology; Quadrant Il groups regions with low tourism and low technology; and
Quadrant IV captures regions with low tourism and high technology.

These quadrant classifications enable a comparison of structural change over time. The analysis is further comple-
mented by transition matrices that track changes in quadrant membership across periods, as well as by examining
variations in the RSI between the pre-break and post-break periods, capturing both the direction and the intensity
of changes in sectoral specialisation.

3 RESULTS
3.1. Sectoral specialisation patterns and stability of RSI across all regions

The joint distribution of tourism and technology specialisation is presented in the quadrant-based figures (Figure 3,
complemented by the tables in Annex Al), distinguishing between three groups of regions (full sample, lower-in-
come, and higher-income) and the two periods under analysis. For consistency with Figure 4, we refer to the four
gquadrant configurations using the acronyms HH (high tourism-high technology), HL (high tourism-low technology),
LL (low tourism-low technology), and LH (low tourism-high technology), where the first letter refers to tourism and
the second to technology.

For the full sample, the comparison between the pre-break and post-break periods reveals several shifts in the
distribution of regions. In particular, the number of regions exhibiting relatively high levels of specialisation in both
sectors (Quadrant I, HH) declines markedly, from 254 to 205. At the same time, regions characterised by low levels
of specialisation in both activities (Quadrant Ill, LL) increase from 484 to 506. A more moderate expansion is ob-
served in Quadrant IV (LH), which rises from 135 to 158 regions, while Quadrant Il (HL) remains broadly stable,
increasing only slightly from 290 to 294 regions.

For lower-income regions, the distribution is strongly concentrated in Quadrant Il (LL) in both periods. The number
of regions in this quadrant increases only marginally, from 360 to 363, while the number of regions combining
relatively high levels of specialisation in both sectors (HH) remains unchanged at 58. Changes in the remaining
guadrants are limited, with a slight decrease in Quadrant Il (HL), from 223 to 218 regjons, and a small increase in
Quadrant IV (LH) from 19 to 21 regions. Overall, the structure of specialisation among lower-income regions appears
highly persistent over time.

By contrast, higher-income regions display more pronounced changes across quadrants. The number of regions with
high levels of specialisation in both sectors (Quadrant I, HH) declines from 196 to 147, indicating a reduction in
dual-specialised configurations. At the same time, all other quadrants expand: Quadrant Il (HL) increases from 67
to 76 regions, Quadrant Il (LL) from 124 to 143, and Quadrant IV (LH) from 116 to 137. This suggests greater
sectoral mobility and more heterogeneous changes in relative specialisation patterns within more developed re-
gions.

To further explore these dynamics, Figure 4 presents the transition matrices for the three groups. For the full sample,
the matrix shows a strong concentration of observations along the main diagonal, indicating a high degree of per-
sistence in regional specialisation patterns. In particular, LL exhibits especially high stability, with 426 out of 484
regions (approximately 88%) remaining in the same quadrant. Nevertheless, some mobility is observed, particularly
involving movements from HH towards HL and LH.
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Figure 3 - Tourism vs. technology specialisation for all regions (pre vs. post structural break)
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Figure 4 - Transition matrix of regional specialisation patterns (pre-break vs. post-break)
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For lower-income regions, the transition matrix confirms the strong persistence observed in the descriptive analysis.
Quadrant Ill (LL) clearly dominates, with 312 out of 360 regions (around 87%) remaining in the same quadrant.
Similarly, Quadrant Il (HL) shows a relatively high degree of stability, with 165 out of 223 regions (approximately
74%) maintaining their position, while the total number of regions in this quadrant decreases slightly to 218 in the
post-break period (see Annex Al). Transitions from HH are limited and occur mainly towards HL (13 out of 58 re-
gions), while movements towards other quadrants are minimal. Overall, these results point to a high degree of
structural inertia among lower-income regions, with limited evidence of shifts towards more diversified or technol-
ogy-intensive specialisation patterns.

Finally, for higher-income regions, the transition matrix reveals a combination of persistence and more pronounced
mobility. While a substantial share of regions remains in the same quadrant—particularly in the LH quadrant, where
96 out of 116 regions (around 83%) remain stable—movements from HH are significantly more frequent than in
lower-income regions. Only 133 out of 196 regions (approximately 68%) remain in HH, with notable transitions
towards HL (28 regions) and LH (32 regions). Transitions towards HL are consistent with a relative decline in tech-
nology specialisation, while movements towards LH suggest a relative weakening of tourism. These shifts do not
necessarily imply an absolute contraction in either sector but may rather reflect increasing diversification in higher-
income regions, where growing economic complexity tends to reduce the relative weight of any single sector without
diminishing its absolute presence. This pattern suggests that higher-income regions are not consolidating dual spe-
cialisation, but rather undergoing processes of asymmetric reconfiguration, either reinforcing one sector over the
other or moving towards weaker forms of combined specialisation.

Taken together, the comparison across income groups reveals notable differences in sectoral specialisation pat-
terns across income levels. Lower-income regions display persistent concentration in low-specialisation configura-
tions (LL), while higher-income regions show greater heterogeneity in sectoral transitions, although not towards
balanced or dual-specialised configurations (HH). Importantly, low levels of specialisation in WH and IT should not
be interpreted as an absence of specialisation altogether, but rather as reflecting the presence of alternative sec-
toral structures not captured within the scope of the present analysis. This evidence may be interpreted considering
institutional and evolutionary perspectives, which emphasise the historical specificity of regional development pro-
cesses and the existence of multiple development trajectories, rather than a single ideal-type path of economic
growth (Boschma & Frenken, 2006).

3.2. Intensity of changes in sectoral specialisation

To complement the quadrant-based analysis, this section examines the intensity and direction of changes in relative
specialisation between the pre-break and post-break periods (Figure 5), plotting the variation in sectoral specialisa-
tion across regions. In this regard, we measure the difference in the relative specialisation index between the two
periods, revealing clear asymmetries between lower- and higher-income regions.

Figure 5 - Changes in tourism and technology relative specialisation (ARSI) (pre- vs. post-break)

lower-income regions higher-income regions
é -»W*vr --------------------------- g ------------------- M;’a":%‘ --------------------------------
= A Tourism (RS1) o ‘X Tourism (RSI) e
Tourism Technology Tourism Technology
mean 0.0255 0.0057 -0.0335 -0.0075
sd 0.0997 0.2816 0.0750 0.4809

Note: RSI denotes the relative specialisation index. Changes (ARSI) represent the difference between the post-break and pre-break periods.
Positive values indicate increasing relative specialisation, while negative values indicate a decline. Tourism refers to the proxy based on NACE
Rev. 2 sections G-H-I (WH). A small number of regions with extreme RSl values are excluded from the figure for visual clarity.
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On average, lower-income regions exhibit slight increases in both tourism- and technology-related specialisation
(mean ARSI = 0.026 and 0.006, respectively), while higher-income regions show small declines in relative terms
(mean ARSI = -0.034 and —0.007). This pattern suggests a relative narrowing in sectoral positioning differences,
whereby lower-income regions gain relative weight while higher-income regions experience a modest decline. It is
important to note that these results should be interpreted with caution, as the use of employment-based measures
may partly reflect productivity dynamics rather than pure changes in sectoral importance.

Beyond average changes, the distribution of adjustments provides additional insights. For lower-income regions,
most observations are concentrated around small positive changes in tourism, with relatively limited dispersion,
indicating gradual and relatively homogeneous adjustments. In contrast, changes in technology display greater var-
iability, although still centred around modest gains, suggesting that changes in technology-related relative speciali-
sation remain uneven within this group.

For higher-income regions, the distribution is more dispersed and asymmetric. While average changes are slightly
negative, a non-negligible number of regions experience sizable positive and negative shifts, particularly in technol-
ogy. This is consistent with the higher standard deviation observed in this sector (sd = 0.48), pointing to stronger
and more heterogeneous reconfiguration processes. In contrast, changes in tourism are more contained (sd = 0.08),
suggesting that adjustments in this sector are more limited among higher-income regions.

Taken together, these results indicate that structural change is not uniform across regions or sectors. Rather than
reflecting a generalised transformation of regional productive structures, the observed patterns point to sector-
specific and income-dependent dynamics. Lower-income regions exhibit modest but relatively consistent gains—
particularly in tourism—while higher-income regions display more volatile and heterogeneous adjustments, espe-
cially in technology-related activities.

4 CONCLUSION AND DISCUSSION
4.1. Sectoral configurations and regional heterogeneity

This paper examines the coexistence and interaction between tourism and technology across European regions,
adopting a sectoral perspective based on relative specialisation patterns at the NUTS-3 level. The results reveal
multiple, heterogeneous regional configurations rather than a single structural trajectory.

In this context, working at a disaggregated territorial scale—specifically at NUTS-3 level—is particularly relevant, al-
lowing for a more granular and accurate assessment of structural differences. In this regard, relatively aggregated
units may conceal substantial intra-national heterogeneity (Gagliardi & Percoco, 2017), especially in regions con-
taining sectors characterised by strong local embeddedness, such as tourism.

Focusing on the activities under analysis, four broad configurations can be identified across European regions: (1)
regions exhibiting high levels of specialisation in both tourism and technology (HH) reflect dual-specialisation con-
figurations, characterised by the simultaneous presence of relatively high levels of specialisation in both activities
within diversified regional structures; (2) regions characterised by high tourism and low technological specialisation
(HL) display a structural profile associated with a stronger orientation towards tourism and a more limited techno-
logical presence; (3) regions with high technological specialisation but limited tourism activity (LH) correspond to
more technology-intensive profiles, typically associated with more advanced economic structures; (4) regions dis-
playing low levels of specialisation in both sectors (LL) represent low-specialisation configurations with respect to
the two activities examined here, potentially reflecting stronger specialisation in other sectors.

The distribution of these configurations across regions reveals a strong association with levels of economic devel-
opment. Lower-income regions are predominantly concentrated in low-specialisation configurations, with a second-
ary presence of tourism-related specialisation profiles, while higher-income regions are more frequently associated
with dual-specialisation configurations and technology-related specialisation profiles.

4.2. Structural constraints, sectoral characteristics and development pathways

The observed patterns are consistent with heterogeneous regional sectoral configurations and differentiated pat-
terns of relative specialisation. In lower-income regions, the relative prominence of tourism reflects its role as a
comparatively accessible economic activity, given its relatively low entry barriers (Benavides & Pérez-Ducy, 2001;
Ashley & Mitchell, 2009), its capacity to absorb labour—particularly among more vulnerable groups (World Tourism
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Organization & International Labour Organization, 2008; International Labour Organization, 2017)—and its connec-
tion to external demand (Schubert et al., 2011).

However, tourism is also typically associated with relatively low productivity, strong seasonality, and a high concen-
tration of low-skilled employment, raising concerns about its capacity to sustain long-term development trajectories
(Perles-Ribes and Moreno-lzquierdo, 2024). As a result, tourism has increasingly been analysed not only as a source
of growth, but also in relation to broader questions of resilience, sustainability, and structural balance (Amore et al.,
2020; Berselli et al., 2022; Gyamfi et al., 2021; Gossling et al., 2015; Paramati et al., 2018).

At the same time, the limited presence of technology-intensive activities in lower-income regions may be associated
with structural constraints related to human capital, innovation capacity, and access to resources, which are widely
recognised as key barriers to structural transformation (lammarino et al., 2019). In contrast, higher-income regions
display a stronger orientation towards ICT and knowledge-intensive activities, reflecting their greater capacity to
sustain innovation-driven sectors, supported by higher levels of capital, skilled labour, and infrastructure (Touray et
al., 2013; Pikkemaat et al., 2018). These regions face increasing challenges in maintaining technological and sec-
toral leadership, as innovation diffuses geographically and requires continuous processes of adaptation and up-
grading (lammarino et al., 2019).

Importantly, tourism-related and technology-related activities may coexist within the same regional productive struc-
tures and may interact indirectly through broader processes of technological change. Indeed, this coexistence is
consistent with the dual rationale highlighted in the literature: on the one hand, digital technologies act as key
drivers of tourism competitiveness, as reflected in the development of smart destinations (Romao & Nijkamp, 2019;
Guaita Martinez et al., 2020), but also with relevant transformations driven by technological innovation such as the
expansion of low-cost airlines (Mclvor et al., 2003; Ramoén-Rodriguez et al., 2011), the rise of platform economies
(Hall et al., 2022; Sigala, 2022), and the automation of services (lvanov, 2020; Jabeen et al., 2022). On the other
hand, urban tourism in major European cities often overlaps with areas of high technological intensity and innova-
tion, such as Paris, Rome, or Munich (Moreno-lzquierdo et al., 2018). This connection situates our findings within
the broader smart tourism literature, while extending it to a regional perspective based on sectoral specialisation
patterns.

4.3. Structural dynamics, persistence and policy implications

From a dynamic perspective, the analysis reveals a high degree of persistence in regional specialisation patterns
before and after the structural break detected in 2010. Although some mobility is observed—particularly a shift away
from dual-specialised configurations towards more asymmetric profiles—these changes are not descriptively con-
sistent with a generalised movement towards more balanced regional configurations. Instead, they point to the
coexistence of structural persistence and gradual reconfiguration.

This interpretation is reinforced by the analysis of changes in relative specialisation, which shows that structural
adjustments are not uniform across sectors. Lower-income regions exhibit relatively modest adjustments, with
greater variability in technology-related than in tourism-related specialisation, while higher-income regions display
even stronger dynamics in technology-intensive activities, suggesting sector-specific and income-dependent pat-
terns of relative specialisation adjustment.

At the same time, the relative nature of the specialisation indicators must be taken into account. The European
benchmark for both tourism and technology increased over time, particularly in the case of technology, implying that
part of the observed reallocation across quadrants reflects changes in relative positioning rather than absolute
declines in sectoral activity. This is particularly relevant in large metropolitan regions, where a relatively low RSI may
coexist with a substantial volume of absolute employment in tourism or technology, reflecting the dominance of
other activities rather than a genuine absence of sectoral presence.

These dynamics are broadly aligned with previous literature highlighting heterogeneous regional responses follow-
ing the global financial crisis. Regions with higher levels of innovation capacity were better able to resist the shock
and recover more rapidly (Bristow & Healy, 2014), in line with broader evidence highlighting the role of knowledge-
intensive sectors in enhancing resilience and facilitating structural adaptation (Cooke, 2012; Simmie, 20143,
2014b; Wolfe, 2014; Wolfe & Gertler, 2016).

Importantly, the results do not provide evidence consistent with a clear structural substitution between tourism and
technology specialisation. Although a reduction in dual-specialised regions is observed, this does not imply substi-
tution between sectors. On the contrary, the observed patterns are consistent with the possibility that both sectors
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may coexist within the same regional economy—as illustrated by Northern Estonia (EEOO1: Pdhja-Eesti), which
moves towards a dual-specialisation configuration in the post-break period. These results are consistent with Perles-
Ribes and Moreno-lzquierdo (2024), who argue that the key issue is not whether tourism contributes to growth, but
whether it constitutes an optimal path for development.

4.4, Limitations and future lines of work

Working at the NUTS-3 level of disaggregation, while a relevant methodological contribution, introduces important
statistical limitations. The proxies used for both tourism (NACE sections G, H and I) and technology (section J) cap-
ture a broader set of activities than the activities that this paper seeks to analyse; the results should therefore be
interpreted not as exclusive measures of tourism and technology, but as encompassing adjacent activities. Addi-
tionally, at this level of disaggregation and for such a large sample, no other variables are available that would allow
the activities of interest to be isolated—such as overnight stays or R&D expenditure data.

A further limitation, common in tourism economics research, concerns the difficulty of statistically defining the
boundaries of tourism activity. In particular, current statistical frameworks do not allow identification of which tech-
nology firms operate within the tourism sector. Such information would enable a more precise characterisation of
sectoral interactions and, crucially, would allow assessment of the extent to which the significant share of tourism-
generated value captured by external digital actors (Garrigés-Simon et al., 2015; Chaitanya and Swain, 2024; Gar-
rido & Moreno-lzquierdo, 2025) is offset by income and employment generated by destination-based digital tech-
nology firms.

Additionally, a significant share of technological innovation operates directly within and in service of tourism sys-
tems, even when classified under generic ICT categories. Future research could explore how destination-based tech-
nology firms contribute to sustainability outcomes, including more efficient use of natural resources, reduction of
environmental externalities, and improved carrying capacity management, building on the growing literature on
smart destinations and digital innovation in tourism (Romao & Nijkamp, 2019; Guaita Martinez et al., 2020).

These limitations collectively define a substantive agenda for future research. As more granular sectoral data be-
come available, future work could isolate tourism- and technology-specific activities more precisely, enabling
sharper empirical analysis. In the case of large metropolitan regions, incorporating absolute employment figures
alongside relative specialisation indicators would also allow future research to disentangle whether observed shifts
reflect genuine sectoral decline or the relative growth of other activities, particularly in contexts where a relatively
low RSI may coexist with substantial absolute sectoral employment.

Finally, a particularly relevant question is whether regions transitioning towards higher levels of dual specialisation
achieve superior productivity and income growth compared to those that do not. Extending this framework to causal
identification strategies would allow researchers to assess which structural, institutional, and policy-related factors—
including income growth, relative price dynamics, sectoral linkages, sector-biased technological change, human
capital endowments, and shifts in comparative advantage through globalisation and trade (Van Neuss, 2019;
Swiecki, 2017; Matsuyama, 2008)—drive changes in regional specialisation patterns and condition the capacity of
regions to transition towards more diversified and technologically intensive configurations.
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Anexx

A1l. Net change in tourism / technology specialisation (pre vs. post structural break)

Quadrant Pre-break Post-break Net change % change
| (High WH & High IT) 254 205 -49 -19.3%
Il (High WH & Low IT) 290 294 +4 +1.4%
All regions
Il (Low WH & Low IT) 484 506 +22 +4.5%
IV (Low WH & High IT) 135 158 +23 +17.0%
Quadrant Pre-break Post-break Net change % change
| (High WH & High IT) 58 58 0 0.0%
Lower- income re- I (High WH & Low IT) 223 218 -5 2.2%
gions 11l (Low WH & Low IT) 360 363 +3 +0.8%
IV (Low WH & High IT) 19 21 +2 +10.5%
Quadrant Pre-break Post-break Net change % change
I (High WH & High IT) 196 147 -49 -25.0%
Higher- income re- Il (High WH & Low IT) 67 76 +9 +13.4%
gions Il (Low WH & Low IT) 124 143 +19 +15.3%
IV (Low WH & High IT) 116 137 +21 +18.1%

Note: Values represent the number of regions in each quadrant for the pre-break and post-break periods. Net change indicates the difference in
the number of regions between both periods.
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