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Globalization and the Fourth Industrial Revolution or Industry 4.0 act as shocks

on regional labor markets and regional economies. The presence of a digital

economy has high spillover effects on regional development, job creation,

economic resilience, and sustainability; furthermore, it valuates eco-innovation

and the clean economy. We believe that the process of digital transformation

has a robust impact on the green and clean aspects of the entire economy. The

consistency of high digital-intensive (HDI) sectors can be evaluated through

high digital-intensive employment, human resources, and technological

infrastructure, as these are the main pillars of digital transformation. The

shift-share analysis method (SSM) is used in this study on employment

growth during 2008–2018 for the EU27, the United Kingdom, and Norway,

combined with a second stage of exploratory spatial data analysis (ESDA). The

findings on national growth, industrial mix, and competitiveness are presented

in GIS mapping system considering the Local Indicators of Spatial Association

(LISA) technique at the NUTS2 level. This approach allows us to determine the

clustering level of high digital-intensive employment and sectors, resilience

based on connectivity and eco-innovation, and the regional potential of digital

transformation. Policymakers and political or governmental decision-makers

could consider the results of the present study as the starting point for

developing and implementing their policies for a sustainable green regional

economy and determine the emerging area patches that need to be stimulated.
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1 Introduction

With globalization and the Fourth Industrial Revolution

(Industry 4.0), new opportunities, disruptions, and

polarization are being shaped within and between economies

and societies (Schwab, 2019). This new wave has changed value

creation and capture in an increasingly digital global economy.

The 2008 economic and financial crisis shattered predictions

concerning job growth, structural development, business models,

regional policies, and even socio-economic paradigms (van Dijk

and Edzes, 2016).

Digital transformation is accelerating radical innovations

(new technologies including artificial intelligence, automation,

3D printing, sensors, robotics) and adoption across the entire

global economy. This process is leading to dramatic disruptions

in employment, offering a unique and challenging perspective on

regional transformation (De Propris and Bailey, 2020). At the

same time, digital transformation is impacting the green

economy (Xue C. et al., 2022) and the circular economy (Ilić

et al., 2022), such as the impact of innovation and digital

transformation on renewable energy management (Xiaole and

Piscunova, 2022) or the digitalization of Ukrainian companies to

shift to a green economy (Moroz and Dyma, 2020) both of which

highlight the role of public policies in implementing new

sustainable business models.

A key indicator of digital transformation is the development

of sectors characterized by high digital-intensive (HDI) (Calvino

et al., 2018; OECD, 2019). Between 2006 and 2016, 55 million net

jobs were created across the G20 countries (OECD, 2020), largely

across low or medium digital-intensive sectors. We believe that

demand fluctuations in human resources provide insights into

the HDI sector. This study aims to understand fluctuations in

European employment in the HDI sectors during the period

2008–2018 at the NUTS-2 level.1

We analyzed the HDI sector (transport equipment, ICT

services, legal and accounting, R&D, advertising, and

marketing, except finance and insurance) at the regional level

using Eurostat data (sbs_r_nuts06_r2). The shift-share analysis

(SSM) technique, which is descriptive rather than explanatory, is

used to analyze the components of the HDI sector’s employment

growth: national share and industry mix and local shift

components (Jackson and Haynes, 2020). Consistent with

several other authors (Matlaba et al., 2012; Ruault and

Schaeffer, 2020), we used exploratory spatial data analysis

(ESDA) to display the spatial correlation of industry-mix and

competitive effects, as proposed by Anselin (2010), Anselin

(2019). The structural dissimilarity analysis performed in

ArcGis PRO functions as an arbitrary clustering tool to

correct SSM errors (Gallea, 2019). McHarg (1971) overlays

the region’s estimated urbanization profile based on

population density over the sector’s employment growth

maps, showing the degree of competitive advantage, relative

specialization, and the level of endogenous effect on digital-

intensive sectors.

This study provides a better understanding of regional labor

market behavior and the synchronized adoption of radical

innovation technologies for the digital economy within

existing measurement frameworks (OECD, 2020). This study

also focuses on measuring digital transformation, new economic

geography, and agglomeration, considering the evolutionary

theory framework.

Regions with agglomerations in HDI sectors are globally

more connected and competitive. Smart Specialization and

Industry 4.0 policies are strongly linked; however, new policy

approaches such as Opportunities and Challenges for Regional

Innovation Policy (Foray, 2014), Revitalizing Lagging Regions

(Barzotto et al., 2020), and Regional Transformations

Opportunities (De Propris and Bailey, 2020) are not yet

completely exploited in the literature. Major policy issues,

outlined by Fischer and Njikamp (1987), regarding the

modernization of labor market policies according to the new

spatially segmented labor market profiles, spatial inequalities in

terms of job quality and the high risk of unemployment, new

coordination methods of labor supply and demand, and changes

in job structure must be approached from a regional perspective,

connectivity, and clustering.

This research is based on the following statement: “One of the

most intriguing questions in economic geography is why some

regional economies manage to renew themselves, whereas others

remain locked in decline” (Hassink, 2010). In response, our

research question is: Why did employment grow or decline in

high digital-intensive (HDI) sectors during the period

2008–2018 in the EU region? Correspondingly, this research

focuses on understanding EU employment changes in the HDI

sectors during 2008–2018.

This paper is structured as follows. In Section 2, we provide a

review of the existing literature. Section 3 focuses on the

methodology, and Section 4 presents discusses the results.

Section 5 concludes the paper, including study limitations and

theoretical and practical contributions. We also articulate further

developments in research and provide guidelines for

policymakers.

The contribution of the paper is to provide, using the GIS

mapping system a spatial perspectives of HDI sectors in the

regions of the European Countries and the potential to be used

for the circular economy. There are two ways of solving the main

challenges of nowadays: cutting-closing-destroying the existing

facilities that are inappropriate and hearts the environment or

changing-renewing-shifting to smart solutions. The paper comes

1 NUTS (nomenclature of territorial units for statistics) is a hierarchical
system for dividing the economic territory of the EU and the
United Kingdom, for collection, development and harmonization of
regional statistics. NUTS 2 are the basic regions for the application of
regional policies in the EU (Eurostat).
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with a proposal of using the HDI sectors and the digital

transformation to generate innovative business based on

skilled personnel and high technology. The policymakers and

business managers should explore the characteristics of their

location, shown by the maps, and decide accordingly, from

scaling the investments, push on or pull off public strategies

or policies, human resources management, talents attraction and

so on.

2 Literature review

2.1 Resilience in evolutionary economic
geography

Béné et al. (2016) reviewed the limits of the concept of

resilience within the framework of development. According to

the authors, resilience is a central point in ecology, related to the

circular economy, green economy, climate change, and urban

planning. Resilience can improve life conditions but it cannot

reduce poverty. After critical analysis, Hassink (2010) concluded

that the contribution of regional resilience to adaptability is

relatively limited. Béné et al. (2016) stated that the most

important value of resilience is its integrative role, as it

facilitates various disparate practices to either contribute

toward a common goal or support each other. Scott (2013)

discusses the concept of resilience from two perspectives: an

equilibrium (or bounce-back) approach considering the return to

a previous stage, and an evolutionary (or bounce-forward)

approach that seeks a step forward. Chapple and Lester

(2007), p.2 defined regional resilience as the ability of regions

to face challenges. They propose two frameworks, that is,

“creating a new equilibrium” and “reversing path

dependency,” considering the new economy, new trends in

information technology, and knowledge-intensive industries as

the key drivers of international competitiveness.

Reggiani (2013) refers to resilience as the speed at which a

network returns to its equilibrium after a shock and the capacity

to absorb these shocks, whereas vulnerability analysis refers to

the propagation of shocks within a network. According to

Modica and Reggiani (2014), resilience is the capacity of a

system to react to disruptions and return to the initial stage.

Modica et al. (2018) selected definitions of resilience: a) the

capacity to recover from a shock (“engineering resilience”

(Pimm, 1984); b) the capacity to resist a shock “ecological

resilience” (Holling, 1973); c) the ability to adapt after a shock

“adaptive resilience” (Martin, 2012), or to develop new growth

paths (Boschma, 2015). Modica et al. (2019) distinguish

resilience from the concept of vulnerability, as the former is

understood as the capacity to face a shock and the latter as the

potential for harm as shocks.

One author’s original contribution is the determination of

the extent of urbanization of regions, as a measure of

connectivity, in the sense of Boschma (2005), as areas of data

sharing, which reflect the “size of the technological or cognitive

proximity.” We used the criterion of population density

threshold after a preliminary analysis (Jonard et al., 2009) and

alternative criteria such as “the share of number of households in

rural areas greater than 50%” and “DEGURBA the degree of

urbanization in 2018.”

A gap identified is an understanding on the resilience of the

spatial labor market and its implications for economic

geography, arguing that this can become an emerging area of

research. The contribution of the actual research is addressing the

gap by offering a spatial view of the HDI sector (smart jobs) and

the link with the circular economy. The resilience has to be

understood as a complex mechanism with smart components

that are significantly influence the other. Using de economic

geography, our findings are presenting the regions specific

growth and our findings offer a very easy to understand

picture of the evolution and the development at the regional

development, showing the impact of HDI sectors on the circular

economy implementation. Based on the type of the region the

public policies could be adjusted and the public spending more

efficient used. More than this, the proposed model can be

replicate for other elements involved in economic resilience

and picturing the regions stage.

2.2 Spatial labor market typologies

The labeling of urban or rural dichotomist regions allows us

to identify external agglomeration economies. Marshallian

urbanization, Jacobian economists and Morettian externalities

consideration are presented below.

Marshallian economies (technical externalities) or localized

economies benefit from neighborhoods with companies from the

HDI sector. Several authors (Feser, 2002; Henderson, 2003) have

pointed out that Marshallian externalities arise from three

sources: labor market pooling, creation of specialized

suppliers, and the emergence of knowledge spillovers.

Jacobian externalities are external economies stemming

from a variety of sectors (Jacobs, 1961, Jacobs, 1969) The

expected benefit, according to Frenken et al. (2007), from

Jacobian externalities is employment growth as a result of

achieving radical processed innovations finalized with new

products that are associated with new skills, new employment

opportunities, and new markets. The authors pointed out that

a variety of activities in the city are more important than urban

density.

Morettian externalities (Tertiary Human Capital Spillover):

High human capital has a spillover effect on a city economy

(Moretti, 2003). The magnitude of human capital spillover is an

important issue for the education policy, for attracting new talent

in the region, as it increases productivity and voters’ participation

and curbs crime and violent behavior (Moretti, 2004).

Frontiers in Environmental Science frontiersin.org03

Pirciog et al. 10.3389/fenvs.2022.1061128

https://www.frontiersin.org/journals/environmental-science
https://www.frontiersin.org
https://doi.org/10.3389/fenvs.2022.1061128


In our analysis, the unit of spatial analysis is represented by

the region’s NUTS2 (nomenclature of territorial units for

statistics), which represents an area of interest with its own

behavior, not necessarily identical or in trend with the

national one. Correspondence between NUTS and LAU

(national/local administrative units) levels, updated in 2020,

indicates 242 regions for the EU27, 41 regions for the

United Kingdom, and 7 regions for Norway. The total

number of regions stands at 290. Of these, 285 regions were

covered by valid data provided by Eurostat.

2.3 Digital transformation—a critical factor
for the circular economy

Digital transformation (DT) is characterized by Antikainen

et al. (2018) as a key factor for a circular economy and specific

business models. The authors show that digitalization upholds

the circular economy model contributing to the rapid closing of

the circle of nature-product-nature by increasing the process

efficiency, optimizing access to resources, and diminishing waste.

We consider the main channels of digital transformation action

as: Information provided about materials, processes,

technologies, qualified labor, customers, logistics, costs, and

marketing and information related to ICT applications,

robotics, artificial intelligence AI integration on production

processes, cleaning waste or obliteration of remains, and

reintegration into nature.

Jensen (2021) emphasized that a digital backbone, created at

the global level with the contribution of all the involved factors

could support the circular economy and the business models for a

new global landscape. This will facilitate information sharing

across industries and best practices. Without digital

transformation, the circular economy paradigm and practice

will remain as individual projects and progress will be slow.

Nowadays, the rush of time can be surpassed only through the

path offered by digitalization. Without digitalization as an

accelerator, circular business models will have less impact on

improving the environment and economic growth.

Organizations and businesses must become fully digital (to

create a genuinely global circular economy Jensen (2022). By

providing a complete overview of their supply chain, digital

businesses can minimize environmental degradation while

boosting profits and competitiveness.

Digital transformation is considered a necessary tool to

advance the move from a linear economy to a circular

economy. Riesener et al. (2019) investigate how the

transformation can occur and present recommendations for

manufacturing companies on how digitalization can shift

toward the circular economy principles. The transformation to

the circular economy with the help of digital transformation

occurs through three stages: micro-, meso-, and macro-levels

(Trevisan et al., 2021). At the level of a single company, that is,

micro-level, the circular economy is a business model innovation

and processes related to monitoring, controlling, optimization,

and automation (Porter and Heppelmann, 2014; Nasiri et al.,

2017; Ingemarsdotter et al., 2019; Pieroni et al., 2019; Neligan

et al., 2022). The meso level describes the connection between a

company and its environment, where the circular economy has

been employed to enhance the productivity and efficiency of

resources (Kristoffersen et al., 2020). The use of digital

transformation for the circular economy at the macro level is

defined as actions impacting large areas, such as cities (Ghisellini

et al., 2016). The presence of HDI sectors indicates a high

propensity for the location to build a functional and efficient

circular economic ecosystem.

This study contributes to one of the three research areas

identified by Trevisan et al. (2021) by focusing on the link

between the Fourth Industrial Revolution and the circular

economy. The importance of digital transformation in guiding

the shift toward a circular economy is understood as the location

problem of sectors characterized by HDI.

3 Methodology and data

In this study, sectors with HDI were defined following

Calvino et al. (2018) and OECD (2019) and in accordance

with the Methodological Framework for Measuring Digital

Transformation (OECD, 2020). A total of 208 variables

describing 14 two-digit CAEN sectors were used (C29, C30,

J61, J62, J63, M69, M70, M71, M72, M73, M74, M75, N77–N82,

and S95) covering 290 regions from 29 countries (EU27 + UK +

NO). The data are from different sources, mainly the Eurostat

(statistical office of the European Union) (for details, see

Appendix 1). The HDI sector was determined by aggregating

it into eight sub-sectors: C29–30, J61, J62–63, M69–70–71, M72,

M73–74–75, N, and S95. The missing or undercutting values for

HDI employment for one-digit sectors were calculated by

replacing the completion of the gaps in SPSS with the

TREND function for the available series of number of terms

in the period 2008–2018.

Selting and Loveridge (1992) defined the shift-share method

(SSM) as a technique for decomposing employment patterns into

expected (share) and differential (shift) components. For SSM

analysis, they used spatial heterogeneities at the national and

regional levels and examined the lateral variations in

growth (i.e., the case of two regions with similar economic

structures but with different growth performance) and

investigate one industry performance level differentiated by

region.

The SSM decomposes regional changes in employment

growth during a period into the following components:

national growth, industrial mix, and competitive effects.

ΔEij � Et
ij − Et−1

ij � NEij + IMij + CEij (1)
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E = employment level; i = number of sectors or industries in a

region or nation (i = 1,2,..., s); j = the number of regions in a

geographical area (j = 1,2,...r); Eij = employment in ith sector in

jth region; ΔEij = Change in employment in a certain

industry (i) from region (j) during period [t-1: t]; EE
t
ijt

=

Employment in a certain industry (i) in region (j) at time

(t); NEij = Change due to national trends; national growth

effect; IMij = Change due to Industrial Mix; Industrial Mix

Effect; CEij = Change due to regional shifts or competitive

effects.

3.1 National share/national growth effect

The national growth effect is the “amount that total regional

employment would have grown if it grew at precisely the same

rate as total employment in the nation as a whole” (Stilwell,

1969). Regional industries grow at an approximate rate of

national industries, unless the region has a comparative

advantage or disadvantage (Bishop and Simpson, 1972; Selting

and Loveridge, 1992).

NSi � Et−1
ij * e00( ) � Et−1

ij *
Et
00 − Et−1

00

Et−1
00

(2)

EE
t−1
ijt−1

= Employment in the region in that industry during the

first year [t-1]; e00 = the percentage change in nationwide

employment; national employment growth rate in the [t-1: t]

period; EE
t−1
00 = total national employment isjr Et−1

ij at initial

moment t-1; EE
t
i00j = total national employment isjr Et

ij at the final

moment t.

3.2 Share of industrial mix

Regions differ by their economic structures and

performance. The sectoral pattern is specific to each region

in terms of growth rate relative to the national average. In the

SSM, the Industry Mix Effect dimension describes regional

variations in industrial composition. Selting and Loveridge

(1992) define industry mix as: “the amount of growth

attributable to differences in the sectorial makeup of the

region versus that of the nation. The summation of

industry mixes over each industry in the region, IM0,

provides a total industry mix effect for all sectors in the

region. A positive total industry mix implies that the region

specializes in industries that are experiencing greater growth

than the overall national average. A negative total industry mix

means that a region has higher-than-average proportions of

people employed in industries that are sluggish relative to the

average growth of all national industries.”

IMi � Et−1
ij * ei0 − e00( ) � Et−1

ij *
Et
i0 − Et−1

i0

Et−1
i0

− Et
00 − Et−1

00

Et−1
00

( ) (3)

eio = the percentage change in nationwide employment for

industry i; Et−1
i0 = national employment in ith industry jr Et−1

ij at

initial moment t-1; Ei0
r = national employment in ith industry jr

Er
ij at the final moment t.

3.3 Competitive effect

Selting and Loveridge (1992) stated that the deviation from

the total growth of an industry in a specific region that does not

belong to the national growth effect or industry mix is the result

of a competitive effect. This residual is the “shift” from the

expected growth of the region if it follows the same rates as the

national growth and industry mix.

The assumptions of SSM are also mentioned by Bishop and

Simpson (1972), who state that the comparative advantage or

disadvantage of a region results from the growth of regional

economies that differ from the national rate. A positive effect is

the faster growth of a specific industry in the analyzed region

[Stevens and Moore, 1980, cited by Selting and Loveridge (1992)].

The national growth effect and industry mix partially cover

employment growth, and the residual effect, or the competitive

effect, can be explained by various factors unique to each region.

Fothergill and Gudgin (1979) presume that criticism of the

SSM results partly from unrealistic expectations and the revealing

capacity of differential components. In comparison, Selting and

Loveridge (1992) identify the main limitation of the SSM, that is,

the method describes if the regional conditions encourage or

discourage economic growth but does not explain the reasons.

They admit that the reasons for the shift-share competitive effects

(otherwise called the endogenous growth effect) could be

attributed to various factors, but the SSM cannot explain the

factors working in each region.

CEij � Et−1
ij * eij − ei0( ) � Et−1

ij *
Et
ij − Et−1

ij

Et−1
ij

− Et
i0 − Et−1

i0

Et−1
i0

⎛⎝ ⎞⎠ (4)

eij = percentage change in employment in industry i, region j

relative to the base year.

The sum of the national growth effect and the industry mix

(NE0j + IM0j) is collectively called the region’s proportion/share

of growth or the region’s exogenous growth effect. Together,

national growth and industry mix reflect the potential growth

that can occur if all regional industries follow the national trend

(Selting and Loveridge, 1992).

3.4 Exploratory spatial data analysis (ESDA)

From the ESDA techniques, we use the choropleth map,

which represents the counterpart of the histogram of values/

attributes for discrete spatial units with an associate color palette

(Anselin, 2002). The maps use geocoded data, and we represent
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the variables using five classes of natural break (Jenks)

classification. This classification technique is an optimization

method for choropleth maps, minimizing variations in each

group, applied in ArcGIS desktop 9.3. (ArcGIS 9.2. Desktop

Help, 2008). In the first step, we analyze the pattern of SSM

results for HDI following McHarg (1971), who overlays the

region’s degree of urbanization profile driven by population

density over the HDI-calculated variables. In the second step,

we mapped the clusters to apply the Local Moran’s I that is

identified with the Local Indicators of Spatial Association (LISA)

technique. With this technique, we can find out if the identified

pattern is random or clustered (Anselin, 2002). We applied the

queen contiguity weight rule of the first order. Moran’s I spatial

autocorrelation statistic is a cross-product statistic with inference

based on permutation estimation (Anselin, 2002), knowing that a

Moran’s index value near +1.0 indicates clustering, while an

index value near −1.0 indicates dispersion.

4 Results and discussions

4.1 HDI sectors at the national level

At the national level, HDI sectors can stimulate

employment and job creation, and this has been confirmed

over the last decade. During the analyzed period 2008–2018,

the findings show that the HDI sectors increased the

employment, acts as growth engine and stimulate the smart

jobs creation. The HDI sector increased the employment rate

to 24.5%, nearly 2.5 times higher than the employment rate for

the non-agricultural sectors, which was at 9.6%. Most of the

analyzed non-agricultural and non-HDI sectors had low

employment growth rates. The HDI growth engine was the

J62–63 sector—IT services and other information—with an

employment growth rate of 57%, more than double that of the

HDI sector. Sector N: administrative and assistance activities,

was above the HDI, Sectors M69–71: legal and accounting

activities, M72: scientific research and development, and

M73–75: advertising and market research, and other

commercial services have values slightly (max 4pp) lower

than the HDI average but higher than 20%, confirming the

positive impact of digitization on employment in these sectors.

At the regional level, the average rate of increase in

employment in the HDI (2008–2018) is 29.8%, the urban

environment achieves, on average, HDI employment growth

rates higher than HDI in rural areas. In the HDI sector, the

urban-rural gap is half that of the total employment (12.3 pp).

The average employment growth rate during the period

2008–2018 in the HDI sector at NUTS 2 level higher than

the average rates of total regional average employment in

urban areas, and higher than the average employment rates

in rural areas. Employment in the HDI has significant growth

potential in rural areas.

Regardless of the country, the only sector with average

growth rates of positive employment at the regional level in

the period 2008–2018 was J62–63 (i.e., information services

sector in rural regions).

4.2 National share/national growth effect

Spatial distribution of the employment growth component

due to the national component presents a center-periphery

model concentrated predominantly in urban regions, as

illustrated in Figure 1 and validated in Figure 2. In addition,

these labor markets present the characteristics of Marshallian

economies through neighborhood benefits. Based on ESDA

analysis, applying Jenkins classification with 10 classes,

marking the “0” manually, we identified 23 “champions,”

respectively, in the regions with NEi > 19,049 people (red and

deep red), as in Table 1.

The model covers 226 regions out of a total 290 regions.

Romania does not have regions with NEi > 0, and also the other

EU27 countries: Bulgaria (BG), Greece (EL), Spain (ES), Croatia

(HR), Latvia (LV), and Portugal (PT).

The analysis of High-High (HH) clusters and extreme values

(Moran Anselin Local Index)2 for the NEi component of the

change in employment in HDI in 2008–2018 led to the rejection

of the hypothesis of complete spatial randomness (CSR);

therefore, the national NEi effect at the NUTS2 level presents

a clustered spatial model.

The analysis of the regions with the national component of

the HH cluster type, with characteristics such as the level and

growth rate of employment, the degree of regional coverage and

urbanization, and structural aspects of the HDI sector at the

regional level, highlighted the fact of better performances. The

average competitive regions have a structure of HDI sectors

comparable to the structure for the average of all regions, except

the case of the C29–30 sector, The average employment growth

rate from to 2008–2018 for regions with competitive advantage is

35.3%, 5.5 pp higher than the regions’ average. The urban

environment achieves, on average, employment growth rates

of 35%, which is 1.8 pp lower than in rural areas.

The core regions in clusters with high HH values and

competitive advantage seem concentrated in three countries:

Germany with 14 regions, France with 8 regions, and the

Netherlands with one region.

2 High-High (HH) clusters and extreme values (Moran Anselin Local
Index) is a cluster and outlier analysis tool that identifies spatial
clusters of features with high or low values. Detailed information is
available at https://pro.arcgis.com/en/pro-app/2.9/tool-reference/
spatial-statistics/h-how-cluster-and-outlier-analysis-anselin-local-
m.htm.
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4.3 Industrial mix share

The enumerated regions show a strongly polarized

Germany-France model (Figures 3, 4). The central core of

the specialized regions covers Germany, Belgium, and the

Netherlands, and is adjacent to France, a territory with

regions characterized by the absence of trend specialization.

Another exception is Greece, a country with regions

characterized by the absence of a specialization trend but

not neighboring an identified nucleus. It should be noted

that some “islands” are also visible in regions that specialize

in relatively isolated HDI sectors: Madrid, Paris, and

Bucharest. Based on the ESDA analysis, by Jenkins

classification with ten classes, marking “0” manually, we

identified 23 “champions,” respectively, the regions with

IMi > 74,657 people employed in the HDI sectors. The

regions are listed in Table 2.

It should be noted that France is the only country in the study

group that does not have regions with a positive IMi.

The average of the specialized regions presents a structure

of the HDI sectors that is comparable to the structure for all

regions’ averages. The most considerable differences from the

average of all regions are C29–30 higher by .6 pp and

M69–71 higher by .5 pp. The average employment growth

rate for the period 2008–2018 at the level of the region

specializing in HDI is 35.9%, 6.1 pp higher than the

regional average. The urban environment achieves, on

average, an employment growth rate of 37.6%, about

3.3 pp higher than that in rural areas.

The analysis of HH (High-High) clusters and extreme values

(Moran Anselin Local Index) for the IMi component of the

change in occupancy in the HDI during the period

2008–2018 indicates that the observed spatial model is not the

result of a random event. We reject the CSR hypothesis and

conclude that the positive change in the HDI occupancy rate

through the IMi specialization effect at the NUTS2 level presents

a clustered spatial model.

The HH core regions with a tendency to specialize, with the

Marshallian economies as a specialization feature, and the

growth rates of employment in the HDI sectors in

2008–2018 are located in three countries: Germany with

12 regions, Belgium with 7 regions, and the Netherlands with

1 region. It should be noted that among the 20 regions, the Kassel

is a predominantly rural region in Germany. It shows a

specialization trend in the M73–75 sector, with an

employment growth rate of 133.9%. The Mittelfranken region

of Germany had the highest employment growth rate for the

J61 sector for the period under review. Very high values of the

increase in the employment rate are in the Antwerp region

(Belgium) in sectors M69–72 (388.6%), M73–75 (279.1%), and

N (184%). These sectors indicate a tendency to specialize, for

instance, in some regions of Belgium and enjoy values over 70%:

FIGURE 1
Change in Employment in high digital-intensive (HDI) sectors due to National Trends/National Growth Effect in the EU27 + UK + NO during
2008–2018 at the regional level.
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Région de Bruxelles-Capitale, Oost-Vlaanderen, Vlaams-

Brabant, Limburg (BE), Liège, and Walloon Brabant.

4.4 Competitive effect

The competitive effect shows a randomized spatial pattern, with

a slight tendency to agglomerate in southern Germany and

northwestern Austria, and in the vicinity of northeastern Italy, as

illustrated in Figure 5 and validated in Figure 6. Northeast France

and West Germany formed a contiguous area with an endogenous

growth deficit. It should be noted that 22 “island” regions are also

visible regions that have a tendency for endogenous growth in HDI

sectors, selected with the criterion CEi .818 > 36,203 people:

Endogenously growing regions are especially visible in large

metropolises and big cities such as Madrid, Budapest, Prague,

Stockholm and mega metropolises such as London, Berlin, or

Paris. Megalopolises produce Jacobian and Morettian

externalities in regions and indicate the capacity to produce

and adopt radical innovation. This result is consistent with

Chapple and Lester (2007), where the authors conclude that

most resilient regions, in terms of capacity in labor-related

community-based organizations, tend to be large, segregated

cities that are restructuring into the New Economy.

There are five countries with no region with a CEi >
0 component: Czech Republic, Estonia, Luxembourg, Latvia,

and Malta.

The HH core regions with positive endogenous employment

growth and employment growth rates in the HDI sectors in

2008–2018 are Germany with one region, Austria with one

region, and the United Kingdom with five regions. These

regions are home to over 51.4 thousand people employed in

the HDI. The nuclei formed by the Austrian Tyrol and German

Niedebayern are mainly located in rural areas. The five

United Kingdom regions (Outer London–West and

Northwest, Inner London–West and Inner London East,

Outer London–East and Northeast, and Outer London–South)

are categorized as urban. These regions have over 1.83 thousand

FIGURE 2
Local Indicators of Spatial Association (LISA) maps for regional NEi: High-High (HH) cluster identification, significance level, Moran I index, and
its characteristics at 999 permutations.
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people, with employment growth rates of over 32% in sectors

J62–63 andM69–72. These are non-core sectors characterized by

consumption in the local and regional markets.

As a comprehensive result we can appreciate that the

digital economy has positive externalities for the entire

economy. This aspect is visible in Germany, Belgium,

Ireland, Hungary, Slovenia, and Slovakia, which registered

positive changes across most sectors of the economy,

including the HDI sectors.

Towards the other studies the finding of this study are

confirming the role of innovation in reducing the negative

impact on the environment and support the positive effect on

economic growth (Bahn-Walkowiak et al., 2020). Compared with

the study developed by Cicerone et al. (2022) about the AI impact

on regional socialization at NUTS3 level, our study is limited at

NUTS2, but brings into discussion the HDI and both are

concluding on the HH specialization potential. The industrial

transformation 4.0 and smart specialization are discussed at the

regional level by De Propris and Bailey (2020) pointing out the

same conclusion of the need of a regional innovative policy.

Riesener et al. (2019), Kristoffersen et al. (2020), Xue L. et al.

(2022) and Jensen (2022) are highlighted the role of digitalization

in circular economy without any regional development or

specialization analysis, since Scott (2013) and Östh et al.

FIGURE 3
Change in Employment in high digital-intensive (HDI) sectors due to the Industrial Mix Effect in UE27 + UK + NO during 2008–2018 at the
regional level.

TABLE 1 High-high (HH) regions benefiting from the National Share/National Growth Effect.

Country Number of regions Regions (NUTS2)

Germany 9 Stuttgart; Karlsruhe; Oberbayern; Berlin; Hamburg; Darmstadt; Düsseldorf; Cologne; Arnsberg

France 1 Île de France

Hungary 1 Budapest

Netherlands 2 Noord-Holland; Zuid-Holland

Sweden 2 Stockholm; Västsverige

United Kingdom 8 Greater Manchester; West Midlands; Inner London–West; Inner London—East Berkshire; Buckinghamshire and
Oxfordshire; Surrey, East and West Sussex; Gloucestershire, Wiltshire and Bristol/Bath area; West Central Scotland

Frontiers in Environmental Science frontiersin.org09

Pirciog et al. 10.3389/fenvs.2022.1061128

https://www.frontiersin.org/journals/environmental-science
https://www.frontiersin.org
https://doi.org/10.3389/fenvs.2022.1061128


(2015) are talking about the regional resilience, both beeing

aproached by our study. Trevisan et al. (2021) reviewed

40 articles classified on three dimensions: digital

transformation (DT), circular economy (CE) and

sustainability, and a gap identified were “Empirical evidence

about the benefits of DT for CE.” The present study

addressed this gap and also the regional resilience, part of the

sustainability, measuring the technological and geographical

resilience. The study is addressing also the gap identified by

Ghisellin et al. (2016) by providing a model of the regioal

specialization and the use of HDI sector in CE.

5 Conclusion

Tables 1–3 are presenting the regions identified from the

studied sample of 226, with the best results for national growth

effect, industrial mix share and competitive effect. The spatial

analysis is based on the difference of the regions, so, it was

expected to not find homogeneity across the studied sample. A

deep analysis can identify the main factors responsible for the

heterogeneity of the regional development and the potential

solution for cohesion.

Our original contribution is the region’s degree of

urbanization as a measure of connectivity, consistent with

Boschma (2015). The spatial patterns of HDI sectors show

data-sharing areas with large technological or cognitive

proximity. The HDI sector is a tool to access and use

innovations to solve problems, is resilient according to

Boschma (2015), and develops new paths. The presence of

HDI sectors indicates a high propensity to build a functional

and efficient circular economy ecosystem. The general

conclusions indicate that from the perspective of

connectivity, it is evident that the HDI reflects a high

FIGURE 4
Local Indicators of Spatial Association (LISA) maps for regional IMi: HH cluster identification, significance level, Moran I index, and its
characteristics at 999 permutations.
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degree of technological proximity in the Marshallian sense.

Any region with a high level of HDI is potentially connected

to a global network. According to Jensen (2021), these regions

have created and participate in the global circular economy.

The SSM analysis also highlighted that HDI employment is

higher in regions with geographical connectivity. These

regions exploit knowledge explicitly and tacitly and offer

the apparent advantages.

Differentiation of the regional resilience potential is

according to the type of base or non-base sector, given the

local market size. Regions with sizeable endogenous growth

have the highest degree of resilience, assured by their large

local market dimensions.

The main findings are the two types of resilience, based on

the technological and geographical connectivity of regions with a

spatial labor market, for regions with competitive advantage and

regions with a high level of specialization.

Our study contributes to resilience in rural areas (Scott,

2013). Based on our findings, decision-makers could focus on

developing potential regions. They can use the findings, and if the

region is more resilient than policies for a clean economy,

renewed energy, then digital transformation and innovative

FIGURE 5
Change in Employment in HID due to Regional shift or Competitive Effect in UE27 + UK + NO during 2008–2018 period at the regional level.

TABLE 2 HH regions benefiting from Industrial Mix.

Country Number of regions Regions (NUTS2)

Belgium 6 Région de Bruxelles-Capitale; Antwerpen; Limburg (BE); Oost-Vlaanderen; Vlaams-Brabant; West-Vlaanderen

Bulgaria 1 Yugozapaden (includes Sofia)

Germany 8 Stuttgart; Karlsruhe; Oberbayern; Berlin; Darmstadt; Düsseldorf; Cologne; Arnsberg

Spain 2 Comunidad de Madrid; Cataluña

Poland 3 Slaskie; Wielkopolskie; Dolnoslaskie

Portugal 2 Área Metropolitana de Lisboa

Romania 1 Bucharest - Ilfov (capital of Romania)

Slovakia 1 Bratislavský kraj (includes the capital Bratislava)
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TABLE 3 HH regions benefiting from the Competitive Effect.

Country Number of regions Regions (NUTS2)

Belgium 2 Région de Bruxelles-Capitale; Antwerpen

Czech Republic 1 Praha

Germany 3 Oberbayern; Berlin; Brandenburg

Spain 1 Comunidad de Madrid

France 3 Île de France; Bretagne, Rhône-Alpes

Hungary 1 Budapest

Ireland 1 Southern (Cork—2nd city of Ireland)

Italy 3 Veneto, Emilia-Romagna, Lazio (capital Roma)

Poland 1 Lódzkie

Sweden 1 Stockholm

United Kingdom 5 Merseyside, Bedfordshire and Hertfordshire, Inner London—West, Inner London—East, Outer London—South

FIGURE 6
Local Indicators of Spatial Association (LISA) maps for regional CEi: HH cluster identification, significance level, Moran I index, and its
characteristics at 999 permutations.
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business models are easier to implement. In the case of less

resilient regions, the local authority should focus on stimulating

resilience in the HDI sectors as the lever for developing a clean

and green economy and sustainable business.

The success of green transition, in the context of convergence

with digital transition, is dependent on the region’s path,

performance, and previous experience. Cicerone et al. (2022)

concluded that artificial intelligence (AI) and the Geography of

Eco-Innovation that AI helps regions specialize in new green

technologies, provided they have already done so in the past,

while it reduces this capacity in specialized regions that are not

already green. Bahn-Walkowiak et al. (2020) remarked that

recent European policies (i.e., the European Green Deal,

Circular Economy Action Plan and Biodiversity Strategy, and

Zero Pollution ambition) have a strong synergy with

digitalization, following similar trends (Bahn-Walkowiak, 2020).

The maps obtained in this study illustrate 10 years of dynamics

of the new spatial digital economy and document a spatially

heterogeneous pattern of HDI sector presence. The HDI sectors

are adopting radical innovation. This pattern could explain the

short-term recovery trend after the 2009–2010 economic and

financial crises, which has been slow and uneven across

European countries (OECD 2012). The uneven spatial

distribution of HDI accelerates the segmentation of labor market

profiles and spatial inequalities, according to Fischer and Njikamp

(1987). In regions with HDI sectors, the urban-rural gap tends to

decrease significantly. Our results provide insights that are essential

for implementing digital and green transformation.

The corollary conclusion is that this study contributes to the

identification of regions with HH and presence of HDI estimated

through labor involved in digitalization. Identified regions are most

sensitive to circular economies and green or clean economies. We

also identify regions “with potential” and those that require strong

support to change their economic strategy.

A limit of the research is the existence of data only at the

NUTS 2 level, the level of relative granularity (Östh et al., 2015). It

would have been better to have them at NUTS 3 level, but the

collecting is just being considered. Another potential limitation is

the relatively old sectoral taxonomy of digital intensity (Calvino

et al., 2018). The digitalization is dependent on space and its

development is not uniform. The lack of a qualitative indicator

that gives an image of the circular economy, leads to the non-

existence of a standardized statistic between the environmental

economy and the degree of digitization. The complexity of the

subject acts as a limitation due to the assumed simplifications of

the real situation for the construction of the model, along with

the known limitations introduced by the research

methodology used.

The implication highlighted by the present research is the use

of HDI sector as engine for circular economy. The decrease in

carbon emissions can be addressed by closing polluting capacities

or upgrading. Through digitization, resources are managed better

and the existing capacities changed to clean. The role of smart

jobs is to produce the best solution for the nowadays challenges,

better managing the high skilled professionals and talent for

innovation production.

A potential future research dimension could be the

characterization of the speed of technological progress across

sectors in terms of digital transformation. The big data usage or

innovative business, the connectivity of the sectors or regions, the

intensity and efficiency of the work in relation with the digital

transformation are potential developments. A sectorial analysis of

the circular economy implementation and the digital transformation

can highlight the fast economic areas to this challenge.
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Appendix 1

TABLE A1 Sectoral taxonomy of digital intensity: a “global” indicator.

ISIC Rev. 4 High Digital Intensity sectors (Quartile of digital
intensity: 2013-15)

Code Label - detailed Eurostat data
(sbs_r_nuts06_r2)

29-30 Transport equipment C29 Manufacture of motor vehicles, trailers and semi-trailers

C30 Manufacture of other transport equipment

61 Telecommunications J61 Telecommunications

62-63 Servicii IT și alte informaţii J62 Computer programming, consultancy and related activities

J63 Information service activities

64-66 Finance and insurance 64-66

69-71 Legal and accounting activities M69 Legal and accounting activities

M70 Activities of head offices; management consultancy activities

M71 Architectural and engineering activities; technical testing and
analysis

72 Scientific research and development M72 Scientific research and development

73-75 Advertising and market research; other business services M73 Advertising and market research

M74 Other professional, scientific and technical activities

M75 Veterinary activities

77-82 Administrative and support service activities N Administrative and support service activities

N77 Rental and leasing activities

N78 Employment activities

N79 Travel agency, tour operator and other reservation service and
related activities

N80 Security and investigation activities

N81 Services to buildings and landscape activities

N82 Office administrative, office support and other business support
activities

94-96 Other service activities S95 Computer, personal and household repair

Source: Calvino et al. (2018), OECD (2019) classifies the sectors of economic activity according to the degree of digital intensity into 8 sectors, disaggregated into 19 sectors of activity at 2

digits.

Note: “High” identifies sectors in the top quartile of the distribution of the values underpinning the “global” taxonomy, “medium-high” the second highest quartile, “medium-low” the

second lowest, and “low” the bottom quartile.
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