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MOTIVATION

Radical technological transformations have been affecting businesses and society in the 
last few years, worsening jobs conditions and wages (Brynjolfsson and McAfee, 2014; 
Frey and Osborne, 2017).

Great effort has been dedicated to the analysis of the impact of intelligent and advanced 
automation technologies on (e.g. Graetz and Michaels, 2018; Dauth et al., 2021; 
Acemoglu and Restrepo, 2020; Autor et al., 2021):
• the displacement of (less-skilled) manufacturing labour force and 
• increasing wage inequalities across workers groups.

The same attention, however, has not been dedicated, so far, to the impact of advanced 
digitalisation, intended as that bunch of technologies enabling the shift towards online 
markets as primary locus for market transactions, the key distinctive trait and novelty of 
modern digitalisation with respect to the past ICT revolution based on computerization 
(Capello et al. 2022). 

Evidence so far is scattered, dealing with specific issues, technologies, geographic areas, 
firms, if not anecdotic. 



DEFINITION OF DIGITAL SERVICE ECONOMY: AIM OF THE 
WORK

The digital service economy is intended as an economy (Capello et al. 2022)
• comprising a sprawling range of businesses mostly based on digital platforms
• that ultimately redesigns the boundaries of products towards services.

Apparently, it can be relatively simple to define the digital service economy. All online
services belong to the same phenomenon of digital service economy. Instead, they hide
different economic forms, whose identification is fundamental to understand their impact on
labour market.

A way to highlight the differences is to identify the value creation models that are behind the
different forms of digital service economy. In fact, each digital service economy model is
expected to affect differently labour market and therefore wage inequalities.

This paper studies the effects of the different models of the digital service economy on
intraregional wage inequalities.



THE DIGITAL SERVICE ECONOMY VALUE CREATION MODELS

• Product service economy 
Servitisation is a strategy put in place by manufacturing firms to offer services together 
with the product (Rabetino et al., 2021 and Baines et al., 2017).

• Sharing economy
It is associated with the creation of new online markets for under-utilised assets (e.g. a 
spare seat in a car, a spare bedroom, spare time) which are made accessible to other 
users upon payment, on the basis of a peer-to-peer exchange (Frenken and Schor, 
2017). 
Example: BlablaCar

• Online service economy
It refers to a situation in which digital platforms provide services, products or contents 
(e.g. mobility solutions, food and beverage services, payment systems) without owning 
the assets necessary to produce and/or deliver such services or goods.
Importantly, the online service economy rests on the dematerialisation of assets or 
products enabled by the unbundling of products from the service a product can offer.
Example of Online resource economy: Uber, Deliveroo, 
Example of Online content economy: Spotify



Product service economy: this is a strategy put in place by manufacturing firms to offer 
services together with the product (digital servitisation) (Rabetino et al., 2021 and Baines 
et al., 2017).

Agents involved and sources of value creation
Providers: higher market shares
Platforms: profits from ICT services provision
Users: variety of goods, high speed in purchase, product quality increase

Role of (digital) platforms
Information exchange through upgraded ICT network and/or digital tools

Online value creation 
Limited

Online value distribution
Main share of value to producers and users

THE DIGITAL SERVICE ECONOMY: Product service economy



Sharing economy: is associated with the creation of new online markets for under-
utilized (idle) assets (e.g. a spare seat in a car, a spare bedroom, spare time) which are 
made temporarily accessible to other users upon payment, on the basis of a peer-to-peer 
exchange (Frenken and Schor, 2017). 

Agents involved and sources of value creation
Providers: market for idle resources
Platforms: profits from online space production
Users: price reduction, high speed in purchase

Role of digital platforms
Idle capacity market makers: idle assets providing platforms

Online value creation 
Relatively high thanks to the creation of markets for idle resources

Online value distribution
High share for all the agents

THE DIGITAL SERVICE ECONOMY: Sharing economy



Online service economy: digital platforms provide services, products or contents 
(e.g. mobility solutions, food and beverage services, payment systems) without 
owning the assets necessary to produce and/or deliver such services or goods. It 
rests on the dematerialisation of assets or products enabled by the unbundling of 
products from the service a product can offer.

Agents involved and sources of value creation
Providers: new business and work opportunities
Platforms: infinite markets competing with offline activities
Users: mass customised services at reduced prices, low opportunity costs, high 
speed in purchase

Role of digital platforms
Service markets makers: service providing platforms without owning the assets or 
the good

Online value distribution
Main share of value to digital intermediaries

THE DIGITAL SERVICE ECONOMY: Online service economy



Different consequences on wage inequalities are expected to arise from the different Digital 
Service Economy value creation models:

PRODUCT-SERVICE ECONOMY

SHARING ECONOMY

ONLINE SERVICE ECONOMY

This may support a reorientation if not an upgrade of workers profile towards jobs requiring higher 
educational attainment and skill level. Overall, a modest impact is expected.

The overall impact of the sharing economy on intraregional wage inequalities is expected to be indirect
and, thus, modest. If any, this effect depends on shadow effects generated on traditional offline businesses 
and their employees. 

Digital platforms create on-demand work and open to huge problems in terms of low pay, quality and 
stability of new jobs created. Overall, a worsening of intraregional wage inequalities is expected.

THE DIGITAL SERVICE ECONOMY VALUE CREATION MODELS 
AND WAGE INEQUALITIES: CONCEPTUAL EXPECTATIONS



In order to highlight the prevailing digital service economy value creation model in a region, a two-
step methodology has been applied:

• First, the intensity of development of each value creation model in each region has been 
assessed by looking at two dimensions, namely the regional specialisation and adoption of 
digital technologies in different representative sectors.

• Second, a k-means cluster analysis has been used to group European regions according to 
their predominant Digital Service Economy value creation model (regional patterns of the 
digital service economy in Europe). 

• This analysis is made on a 2011 dataset covering all European NUTS2 regions.

THE IDENTIFICATION OF DIGITAL SERVICE ECONOMY VALUE 
CREATION MODELS IN EUROPEAN REGIONS



Regional
probability of 

adoption

PervasivenessNiche

Absence Potential

Regional adoption intensity

Development stages of value creation models in the digital service economy

THE IDENTIFICATION OF DIGITAL SERVICE ECONOMY VALUE 
CREATION MODELS IN EUROPEAN REGIONS



To map the spatial distribution of the different value creation models this work focuses on 
traditional players (the two sides of platform contributors: providers and users).

The different value creation models can be distinguished on the basis of  the regional 
specialisation and adoption of digital technologies in different specific representative sectors. 

PRODUCT-SERVICE ECONOMY

SHARING ECONOMY

ONLINE SERVICE ECONOMY

THE IDENTIFICATION OF DIGITAL SERVICE ECONOMY VALUE 
CREATION MODELS IN EUROPEAN REGIONS

Regional LQ in manufacturing with respect to the country
Regional on-line sales in manufacturing with respect to the country

Regional share of population using internet with respect to the country
Regional share of consumer-to-consumer exchange with respect to the country

Regional LQ in food and beverage service activities with respect to the country
Regional on-line sales in food and beverage service activities with respect to the country

Regional LQ in retail with respect to the country
Regional on-line sales in retail with respect to the country



THE GEOGRAPHY OF THE DIGITAL SERVICE ECONOMY
VALUE CREATION MODELS

Product service 
economy

Sharing 
economy



Online service economy 
(food and beverage 
services activities)

Online service economy 
(retail)

THE GEOGRAPHY OF THE DIGITAL SERVICE ECONOMY
VALUE CREATION MODELS



The most advanced areas of Europe and most of 
the regions hosting capital cities present a fully 
developed digital service economy (exceptions: 
Eastern countries capital cities with sharing 
economy).

The sharing economy involves both advanced and 
relatively marginal regions.

The product service economy is widely diffused in 
regions with a strong industrial specialisation 
profile.

The online service economy is well distributed 
across European countries and includes several 
intermediate areas.

Marginal and less-developed regions are not at all 
affected by the new value creation models, thus 
presenting an underdeveloped digital service 
economy.

REGIONAL PATTERNS OF DIGITAL SERVICE ECONOMY IN 
EUROPE

Under-developed Digital Service Economy
Sharing Economy
Product Service Economy
On-line Service Economy
Fully Developed Digital Service Economy



DEPENDENT VARIABLE: 
INTRAREGIONAL WAGE INEQUALITIES

Data Source

Compnet (The Competitveness Research Network) database. Originally founded by the 
European System of Central Banks in 2012, CompNet provides a micro-founded dataset 

covering productivity indicators for 20 European countries, including a series of labour market 
related indicators available at NUTS2 level and harmonized to allow cross-country 

comparability. 
Major advantage: information on the distribution of the indicators

DATA AND ECONOMETRIC APPROACH

Difference between the 90th percentile and the median
of the labour cost per employee within each region

Unit of 
analysis 164 NUTS2 regions

Reference 
years 2009-2016 



DATA AND ECONOMETRIC APPROACH

DEPENDENT VARIABLE: 
INTRAREGIONAL WAGE INEQUALITIES

Difference between the 90th percentile and the median
of the labour cost per employee within each region



DATA AND ECONOMETRIC APPROACH

Wage inequalitiesr,t = 
α +β1 digital service economy value creation modelr + β2 Xr,t-1 + β3 country fixed effects + β4 
time fixed effects+ β5country*time fixed effects+ εr,t

Wage inequalitiesr,t = 
α +β1 digital service economy patternsr + β2 Xr,t-1 + β3 country fixed effects + β4 time fixed 
effects+ β5country*time fixed effects+ εr,t

Random effect panel (Hausman test rejected) with errors clustered at the NUTS2 level.

Controls include the median age of the population, the female share and the foreign share of 
active population, human capital, the risk of job automation, the share of metropolitan 
population, the change of the share of people employed in low and high skills occupations, the 
weight of the sectors underlying each single digital service economy value creation model 
(Acemoglu and Restrepo, 2020; Michaels et al., 2014).



DEPENDENT VARIABLE: WAGE INEQUALITIES (1) (2) (3) (4) (5)
SHARING ECONOMY 3.182*** 3.014***

(0.915) (0.895)
PRODUCT SERVICE ECONOMY -0.198 -0.267

(0.725) (0.647)

ONLINE SERVICE ECONOMY (FOOD and BEVERAGE SERVICES) 1.069 0.577
(1.110) (1.007)

ONLINE SERVICE ECONOMY (RETAIL) 2.600*** 1.813**
(0.918) (0.891)

MEDIAN AGE -0.364** -0.360** -0.374*** -0.341** -0.368**
(0.146) (0.150) (0.145) (0.139) (0.144)

FOREIGN ACTIVE POPULATION -3.143 -2.686 -2.492 -3.205 -3.917
(6.317) (6.193) (6.011) (6.309) (6.515)

FEMALE ACTIVE POPULATION -1.659 -0.085 0.704 -1.735 -3.253
(5.679) (5.663) (5.692) (5.628) (5.949)

HUMAN CAPITAL 14.794*** 14.074*** 14.019*** 13.788*** 14.406***
(3.598) (3.629) (3.594) (3.714) (3.660)

METROPOLITAN POPULATION 5.265*** 6.319*** 5.727*** 5.151*** 4.494***
(1.089) (1.217) (1.185) (1.150) (1.005)

HIGH SKILLS -0.599 -0.558 -0.486 0.020 -0.096
(1.927) (1.946) (1.920) (1.877) (1.939)

LOW SKILLS 3.628 3.628 3.715 3.493 3.569
(2.429) (2.427) (2.435) (2.432) (2.429)

RISK OF AUTOMATION -17.754* -22.371** -21.197** -23.002** -16.029*
(9.179) (9.777) (9.774) (10.298) (9.540)

SHARE OF EMPLOYMENT IN MANUFACTURING (C) 0.394
(5.267)

SHARE OF EMPLOYMENT IN FOOD AND BEVERAGE SERVICE ACTIVITIES (I56) 1.069
(1.110)

SHARE OF EMPLOYMENT IN WHOLESALE AND RETAIL TRADE; REPAIR OF MOTOR 
VEHICLES AND MOTORCYCLES (G)

1.652

(4.897)
SHARE OF EMPLOYMENT IN SECTORS C+I56+G 1.734

(3.327)
Constant 27.909*** 27.544*** 28.933*** 27.031*** 27.726***

(6.414) (6.532) (6.345) (5.969) (6.679)

RESULTS BY DIGITAL SERVICE ECONOMY VALUE CREATION 
MODELS



RESULTS BY DIGITAL SERVICE ECONOMY VALUE CREATION 
MODELS

DEPENDENT VARIABLE: WAGE INEQUALITIES (1) (2) (3) (4) (5)
SHARING ECONOMY 3.182*** 3.014***

(0.915) (0.895)
PRODUCT SERVICE ECONOMY -0.198 -0.267

(0.725) (0.647)

ONLINE SERVICE ECONOMY (FOOD and BEVERAGES) 1.069 0.577
(1.110) (1.007)

ONLINE SERVICE ECONOMY (RETAIL) 2.600*** 1.813**
(0.918) (0.891)

MEDIAN AGE -0.364** -0.360** -0.374*** -0.341** -0.368**
(0.146) (0.150) (0.145) (0.139) (0.144)

FOREIGN ACTIVE POPULATION -3.143 -2.686 -2.492 -3.205 -3.917
(6.317) (6.193) (6.011) (6.309) (6.515)

FEMALE ACTIVE POPULATION -1.659 -0.085 0.704 -1.735 -3.253
(5.679) (5.663) (5.692) (5.628) (5.949)

HUMAN CAPITAL 14.794*** 14.074*** 14.019*** 13.788*** 14.406***
(3.598) (3.629) (3.594) (3.714) (3.660)

METROPOLITAN POPULATION 5.265*** 6.319*** 5.727*** 5.151*** 4.494***
(1.089) (1.217) (1.185) (1.150) (1.005)

HIGH SKILLS -0.599 -0.558 -0.486 0.020 -0.096
(1.927) (1.946) (1.920) (1.877) (1.939)

LOW SKILLS 3.628 3.628 3.715 3.493 3.569
(2.429) (2.427) (2.435) (2.432) (2.429)

RISK OF AUTOMATION -17.754* -22.371** -21.197** -23.002** -16.029*
(9.179) (9.777) (9.774) (10.298) (9.540)

SHARE OF EMPLOYMENT IN MANUFACTURING (C) 0.394
(5.267)

SHARE OF EMPLOYMENT IN FOOD AND BEVERAGE SERVICE ACTIVITIES (I56) 1.069
(1.110)

SHARE OF EMPLOYMENT IN WHOLESALE AND RETAIL TRADE; REPAIR OF MOTOR 
VEHICLES AND MOTORCYCLES (G)

1.652

(4.897)
SHARE OF EMPLOYMENT IN SECTORS C+I56+G 1.734

(3.327)
Constant 27.909*** 27.544*** 28.933*** 27.031*** 27.726***

(6.414) (6.532) (6.345) (5.969) (6.679)

All value creation models, but the product service economy, are associated with wider wage 
inequalities.

In the case of a pervasive sharing economy, differently from expected, the substitution of 
traditional activities by new ways of exchanging goods and services and by new online agents 
already generates shadow effects when this value creation model is vastly present in an area. 

The pervasiveness of the online service economy affects significantly wage inequalities. In 
this case, two main channels are at place:
• the adoption of digital technologies enables reaching new and wider markets possibly 

requiring expert and highly paid professionals;
• greater competition and risks arise when the sector opens to broader markets rather than 

only the local ones, pushing towards a decrease of the median wages.



DEPENDENT VARIABLE: WAGE INEQUALITIES (1)
SHARING ECONOMY REGIONS 2.368**

(0.997)
PRODUCT SERVICE ECONOMY REGIONS 0.411

(1.103)
ONLINE SERVICE ECONOMY REGIONS 0.339

(1.147)
FULLY DEVELOPED DIGITAL SERVICE ECONOMY REGIONS 3.231***

(1.241)
MEDIAN AGE -0.370**

(0.145)
FOREIGN ACTIVE POPULATION -4.212

(6.561)
FEMALE ACTIVE POPULATION -3.212

(5.846)
HUMAN CAPITAL 15.130***

(3.706)
METROPOLITAN POPULATION 5.294***

(1.107)
HIGH SKILLS -0.143

(1.942)
LOW SKILLS 3.551

(2.432)
RISK OF AUTOMATION -20.828**

(9.101)
SHARE OF EMPLOYMENT IN SECTORS C+I56+G 1.903

(3.306)
Constant 26.638***

(6.592)
Observations 1,312
Number of nuts2_code 164
COUNTRY FIXED EFFECTS YES
TIME FIXED EFFECTS YES
COUNTRY*TIME FIXED EFFECTS YES
R2 0.74
Hausman test (p-value) 0.9976
Wald test – spatial lag (p-value) SLX 0.0157
Wald test – spatial lag of the dependent variable (p-value), 
SDM 0.895
Wald test – spatial lag of the independent variable (p-value), 
SDM 0.000
Wald test – spatial error (p-value), SEM 0.569
Spatial lags of Xs YES

Two types of regions are the most exposed to 
a worsening of wage inequalities:

• Regions with a fully developed digital 
service economy, experiencing an 
increase of top wages and a decrease of 
median wages because of shadow effects 
on traditional offline activities.

• Regions with a pervasive sharing 
economy, suffering from a decrease of 
median wages as consequence of 
shadow effects on traditional offline 
activities.

RESULTS BY DIGITAL SERVICE ECONOMY REGIONAL 
PATTERNS



RESULTS: YEAR MARGINAL EFFECTS 

Time Fixed Effects Year marginal effects
2010 0.533***

(0.091)
2011 0.971***

(0.144)
2012 1.469***

(0.212)
2013 1.743***

(0.288)
2014 2.046***

(0.353)
2015 2.464***

(0.410)
2016 2.507***

(0.479)

Importantly, wage inequalities increase over time, regardless the role of the different digital service
economy value creation models, confirming findings and warnings raised in the literature as well as in
the press (Autor et al., 2020; Rullani and Rullani, 2018).

These results partially mitigate the ‘automation anxiety’, suggesting that the rise of wage
inequalities takes place even in absence of technological transformations and only some of them,
namely the sharing economy and the combination of all digital service transformations, lead to amplify
intraregional wage inequalities.



CONCLUSIONS

This work partly confirms the upsurge in wage inequalities predicted in the literature and 
feared in the media debate, but is also nuances if not mitigates some of the most severe and 
pessimistic forecasts on the labour market consequences of the diffusion of the new 
technologies.

The pervasiveness of each single digital service economy value creation model in isolation is 
not sufficient to affect intraregional wage inequalities, except for the sharing economy. It 
is rather the spatial combination of all value creation models that matters in affecting 
such inequalities, adding, or even multiplying, the effects of single transformations.

Regions are not similarly exposed to these risks and only some of them are experiencing a 
deterioration of their wage inequality conditions. 

This conclusion has some relevance in terms of policy warnings. 
• For the most exposed regions, the rise in their wage inequalities can represent an urgent 

and immediate issue requiring timely policy reply and intervention. 
• For those not yet similarly exposed to these risks, anticipatory policy interventions could be 

appropriate to avoid a widening of intraregional wage disparities in the future once the new 
digital service economy value creation models will become dominant. 



CONCLUSIONS
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APPENDIX

Variable P-value
Underdeveloped digital 

service economy
Sharing economy

Product service 
economy

On-line service 
economy

Fully developed digital 
service economy

Regional Adoption Intensity

Online sales manufacturing 0.000 1.02 0.92 0.82 1.05 1.15

Online sales consumer to 
consumer

0.000 0.84 1.17 0.78 0.87 1.13

Online sales Food and Beverage 0.020 0.91 1.02 0.88 1.08 1.10

Online sales Retail 0.000 0.93 0.93 0.85 1.05 1.10
Regional Probability to Adopt

Manufacturing specialization 0.000 0.82 0.94 1.22 1.06 1.02

Share of internet use 0.000 0.92 1.04 0.93 0.96 1.04
Food and beverage 

specialization
0.012 1.06 1.03 0.90 0.96 0.99

Retail specialization 0.044 0.93 1.03 0.93 0.97 1.01
Socio-economic context

Personal wealth 0.002 0.81 1.03 0.82 0.95 1.05
Human 

capital
0.004 0.88 0.99 0.91 0.99 1.03

Innovation 0.011 0.67 1.15 0.65 0.87 1.12
Urbanisation 0.000 0.65 0.81 0.39 1.06 1.07

Median

age
0.001 1.02 1.01 1.03 0.99 0.99

Economic Dynamics

Productivity growth (2008-2012) 0.003 0.87 1.11 0.97 0.21 1.04

Productivity growth (2013-2017) 0.014 -0.55 1.75 0.34 1.24 1.12

Entrepreneurship 0.001 0.92 0.92 0.75 0.94 1.04
Labor-Force Composition

High-skills share 0.021 0.83 0.98 0.89 0.94 0.96
Low-skills share 0.002 1.09 0.97 1.04 1.02 0.98

Wage polarization 0.003 0.87 0.96 0.84 0.92 1.01

Knowledge Intensive Services  0.001 0.91 1.01 0.95 0.97 1.01

Internet Use

Internet use – social purposes 0.000 0.92 1.05 0.91 0.97 1.04

Internet use – banking purposes 0.000 0.85 1.05 0.87 0.96 1.11

Internet use – political purposes 0.000 0.87 1.05 0.84 0.98 1.06



APPENDIX

Value creation models in the digital service economy
Absence 

(%)

Potential 

(%)

Niche

(%)

Pervasiveness 

(%)
Underdeveloped digital service economy (36 regions)

Product service economy 75 25 - -
Sharing economy 22.22 50 22.22 5.56
Digital resource economy (short-range delivery system) 75 25 - -
Digital resource economy (long-range delivery system) 72.22 27.78 - -

Sharing economy (72 regions)
Product service economy - - 11.11 88.89
Sharing economy 37.50 31.94 19.44 11.11
Digital resource economy (short-range delivery system) 37.50 33.33 11.11 18.06
Digital resource economy (long-range delivery system) 44.44 34.72 13.89 6.94

Product service economy (49 regions)
Product service economy 79.59 16.33 4.08 -
Sharing economy 79.59 12.24 8.16 -
Digital resource economy (short-range delivery system) 65.31 24.49 10.20 -
Digital resource economy (long-range delivery system) - 40.82 22.45 36.73

On-line service economy (45 regions)
Product service economy 73.33 17.78 8.89 -
Sharing economy 8.89 15.56 46.67 28.89
Digital resource economy (short-range delivery system) 4.44 8.89 53.33 33.33
Digital resource economy (long-range delivery system) 17.78 33.33 22.22 26.67

Fully developed digital service economy (71 regions)
Product service economy - 12.68 15.49 71.83
Sharing economy 5.63 19.72 45.07 29.58
Digital resource economy (short-range delivery system) 5.63 11.27 47.89 35.21
Digital resource economy (long-range delivery system) - - 42.25 57.75
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