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Editor’s note1

Pedro Duarte Neves

April 2024

1. This issue of the Banco de Portugal Economic Studies includes three studies.
The first describes the use of robots in Portuguese productive activity. The second
highlights the usefulness of surveys on consumer perceptions and expectations of price
developments. The third looks at how the human capital accumulated by entrepreneurs
affects a possible decision to return to paid work.

2. The opening study of this Banco de Portugal Economic Studies, by Amador,
provides a very detailed description of the use of robots in Portuguese productive
activity. The main findings of the study are:

(i) The extent to which robots are used in productive activity in Portugal is about half
that of the European Union; nevertheless, Portugal is in an intermediate position in
this regard (45th percentile);

(ii) The manufacturing industry is, as would be expected, the sector of activity which,
in relative terms, has the highest levels of robot usage;

(iii) The use of robots is positively statistically associated, at firm level, with size,
productivity, export intensity and profitability;

(iv) The use of robots is negatively associated with the share of labour on income from
productive activity, a finding which is in line with empirical literature.

3. The study by Amador shows the possibilities for analysis opened up by the joint
use of a wide variety of databases. The first, maintained by the International Federation
of Robotics, contains aggregated information on robot usage in productive activity
– broken down by sector of activity and type of task performed – for 40 countries
and over a period of almost 30 years. The author also uses information provided by
Eurostat for EU countries on robot adoption in industry and services. The third source
of information on the use of robots, in this case for Portugal, is the “Survey on the
Use of Information and Communication Technologies in Enterprises”, which makes
it possible to identify the extent to which robots are used at firm level. This survey,

E-mail: pneves@bportugal.pt

1. The analyses, opinions and conclusions expressed in this editorial are entirely those of the editor and
do not necessarily coincide with those of Banco de Portugal or the Eurosystem.
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along with similar surveys conducted in other European countries, underpins the above-
mentioned Eurostat information. Finally, the “Integrated Business Accounts System”,
also compiled by Statistics Portugal, provides firm-level information on a number of
relevant dimensions, especially in terms of characterising the balance sheet and the
presentation of results.

The study by Amador is therefore a very convincing illustration of the gains that can
be obtained by simultaneously exploiting databases which, although different in nature
and purpose, provide supplementary information on a particular reality.

4. Inflation expectations are central to economic agents’ behaviour and thus to their
consumption, savings and investment decisions. They also play a major role in the
monetary policy transmission mechanism. As they are not directly observable, central
banks use several methods to estimate them: indicators based on surveys of professional
market analysts; indicators based on the prices of financial instruments that are indexed
to future inflation rates; prospects of economic agents – consumers and businesses
(industry, construction, services) – on current and future price developments.

The study by Gomes, Monteiro and Ribeiro looks at euro area consumers’ inflation
expectations – over a one-year horizon – and also at perceptions of contemporary price
developments. To this end, authors turn to the newly created Consumer Expectations
Survey (CES) of the European Central Bank, which covers the period from April 2020 to
December 2023 and provides individual information for three characteristics: country,
age bracket and income. As a point of reference, the authors also use the European
Commission’s Business and Consumer Surveys (BCS), which completed 20 years of
existence at the end of 2023.

The main findings of the study are:

(i) Inflation perceptions have a positive correlation with contemporaneous inflation;
(ii) However, consumers’ perceptions of contemporaneous price developments are

generally positively biased compared with actual price growth. In this regard, the
ECB indicator is more in line with actual inflation than the EC indicator;

(iii) Inflation expectations in one year’s time are statistically linked to perceptions
about contemporary price developments and inflation expectations in the preceding
month;

(iv) Inflation expectations in one year’s time tend to increase with age and decrease with
income level; i.e. older consumers and consumers with lower incomes tend to have
higher expectations about future price developments.. This finding, obtained after
conditioning on the other variables with predictive value for those expectations, is
particularly robust as it was consistently obtained for the six euro area countries
considered in this study.
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5. The final study of this Banco de Portugal Economic Studies, by Gyetvai, Hossein
Dad, Kozeniauskas and Tan, provides empirical evidence on the effects on the income
of an entrepreneur who decides to return to paid work after a few years in this role. The
results are very clear: such a decision tends to result in large and persistent wage losses,
which are larger for longer entrepreneurial experience and higher levels of education.
The magnitude of these costs is therefore a factor affecting this type of labour market
mobility.

Entrepreneurship is a major driver of economic development through its effects
on employment, innovation and competition. This study contributes to a better
understanding of this situation in the labour market and may provide a stimulus for
developing studies that could better characterise its importance in economic activity in
Portugal.
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Non-technical summary

April 2024

Robots in Portuguese Firms

João Amador

Robots are one important dimension of the ongoing digital transition. The number of
robots in operation around the world has been expanding rapidly. In Portugal, the
number of robots per thousand workers increased from 0.6 in 2012 to 1.3 in 2021 (Figure
1). This ratio is much lower than the EU average, which stood at 2.8 in 2021. Germany is
the most automated EU economy, with 5.5 robots per thousand workers in 2021.

This study describes the utilization of robots in Portuguese firms. Firstly, it frames
Portugal in the international context and describes the distribution of robots along
sectors and tasks performed. Secondly, it correlates the existence of robots in the firm
with productivity, wages, participation in international trade and profitability. The study
uses three databases with different characteristics. The first one, maintained by the
International Federation of Robotics, contains cross-country aggregate information about
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FIGURE 1: Number of robots per worker in the EU
Note: The EU average does not take into account Luxembourg and Cyprus.
Source: World Robotics, AMECO, and author’s calculations.
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the number, sectors and applications of industrial and services robots in around 40
countries for the period 1993-2021. The other two databases, compiled by Statistics
Portugal, contain very rich firm-level information: “Inquérito à Utilizaçao das Tecnologias
de Informação e Comunicação nas Empresas”, which surveys the existence of robots in the
firm, and “Sistema de contas integradas das empresas”, which contains a large number of
balance sheet and income statement variables.

Firm-level data confirms that the manufacturing sector is the one with a larger share
of robots, not only in number of firms, but also when weighting with turnover and
employment. As for the association between the existence of robots at the firm and its
performance, results show a positive relationship with productivity, export intensity and
profitability, while the correlation with the labour share is negative. The impact on wages
is not statistically different from zero. Moreover, the positive correlation between robots
and productivity is higher in the lower quantiles of the productivity distribution, i.e.,
the productivity gain associated to the existence of robots is larger in the group of less
productive firms.
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Robots in Portuguese Firms

João Amador
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Abstract
Robots are one important dimension of the ongoing digital transition, even if they are not a
truly recent technology. The discussions on the fastly growing number and sophistication of
robots, as well as their impacts on jobs and wages are abundant but arguments often lack
empirical evidence. This article tries to contribute to this research strand by presenting evidence
on the prevalence of robots in Portuguese firms and correlating their presence with performance
indicators, such as productivity, wages, international trade and profitability. We conclude that
Portugal is lagging the EU in terms of robots’ adoption, which are associated with higher
productivity, lower labour share, higher export intensity and higher profitability. (JEL: O14, O3,
D24, D33)

Keywords: Robots, productivity, wages, profits, trade, Portugal, firm-level data.

1. Introduction

Robots are one dimension of the technological transformation that has been
taking place in the last decades. Robots are very diverse and have captured
the collective imagination mostly due to the fear of a large scale replacement

of humans in the labour market, leading to job destruction and unemployment. Such
fears are recurrent whenever new labour-replacing technologies arrive to the production
process and jobs are destroyed. The terms “automation” and “robotics” are often
used interchangeably, but have different meanings. Automation is the process of using
technology to perform human tasks while robotics concerns developing machines to
carry out a particular function. In this perspective, not all types of automation use robots
and not all robots are designed for process automation. That said, most robots are used
for process automation, especially in manufacturing. The manufacturing sector has long
been at the forefront of robots’ usage to assist production. Automated mobile robots
(AMRs), automated guided vehicles (AGVs) and articulated robots are deployed on

Acknowledgements: The author is thankful to Nuno Alves, António Antunes, Joana Garcia, Nicholas
Kozeniauskas, Pedro Duarte Neves and Ana Catarina Pimenta for their very useful comments and
suggestions. The opinions expressed are those of the author and do not necessarily coincide with those
of Banco de Portugal or the Eurosystem.

E-mail: jamador@bportugal.pt
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factory floors and in warehouses to fasten processes, increase efficiency and promote
safety. They are used across a variety of applications, including handling, welding and
soldering, assembling and dispensing. These technologies are also increasingly used in
agriculture, transportation, logistics, and healthcare. Therefore, robots are very diverse
and, contrary to common wisdom, they are not necessarily extremely sophisticated
machines.

The literature on the economic impact of robots on firms is too vast to be listed
here, but the impacts on productivity, wages, labour share, employment, inequality and
exports, all of them depending on firms’ characteristics and skills, dominate the list of
research questions. Most studies are empirical and use firm-level data, which in some
cases is rich enough to prove causal relationships.

Autor (2015) has set the stage for many of these discussions, stating that the past
two centuries of automation and technological progress have not made human labor
obsolete. It argues that automation complements labor, raises output in ways that
lead to higher demand for labor, and interacts with adjustments in labor supply. The
paper also draws attention to the fact that wage gains went disproportionately to
those at the top and at the bottom of the income and skill distribution, though also
arguing that this in unlikely to continue very far into the future. The conceptual debate
continued with Acemoglu and Restrepo (2018), which presents a framework to study the
implications of automation and AI on the demand for labor, wages, and employment.
The framework signals a displacement effect coming from the replacement of labor in
several tasks. This effect reduces the demand for labor and wages, but it is counteracted
by a productivity effect, which increases the demand for labor in non-automated tasks.
Such productivity effect is complemented by additional capital accumulation and more
automation, further increasing the demand for labor. Overall, automation increases
output per worker more than wages and reduces the share of labor in national income.
The paper also highlights possible constraints and imperfections that may slow down
the adjustment of the economy and the labor market, for example a mismatch between
the skill requirements of new technologies and existing ones.

The debate evolved towards optimal policies to implement in this context. One
contribution is Guerreiro et al. (2021), which uses a quantitative model that features
technical progress in automation and endogenous skill choice to show that, given the
current U.S. tax system, a sustained fall in automation costs can lead to a massive rise
in income inequality. Authors argue that it is optimal to tax robots while the current
generations of routine workers, who can no longer move to non-routine occupations,
are active in the labour force. Once these workers retire, optimal robot taxes are zero.

The cross country dimension of the empirical analysis is covered by de Vries et al.
(2020), which examines the impact of industrial robots on jobs by combining data on
robot adoption and occupations by industry in 37 countries for the period 2005-2015.
The article concludes that a rise in robot adoption relates significantly to a fall in the
employment share of routine manual task-intensive jobs. This relation is observed in
high-income countries, but not in emerging market and transition economies. At the
sub-national level Acemoglu and Restrepo (2020) study the effects of industrial robots on
US labor markets and show theoretically that they may reduce employment and wages.
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The paper uses variation in industry-level advances in robotics and local industry
employment to confirm the negative effects of robots on employment and wages across
commuting zones. The paper also reports that robots’ impact is distinct from other types
of capital and technologies.

Acemoglu et al. (2020) studies the implications of robot adoption in France. Authors
conclude that adopters experienced significant declines in labor share, the share of
production workers in employment, and increases in value added and productivity. The
observed expansion in firms’ employment comes at the expense of competitors, leading
to an overall negative association between adoption and employment. Moreover, robot
adoption has a large impact on the labor share because adopters are larger and grow
faster than their competitors. Aghion et al. (2020) also uses micro data for the French
manufacturing sector between 1995 and 2017 to assess the causal effects of automation
technologies on employment, sales, prices, wages, and the labor share. The estimated
impact of automation on employment is positive, even for unskilled industrial workers,
it leads to higher sales, higher profits, and lower consumer prices, while it leaves
wages, the labor share and within-firm wage inequality unchanged. The authors refer
that, in a globalized world, attempts to curb domestic automation in order to protect
domestic employment may be self-defeating due to foreign competition. Still with
French data, Bonfiglioli et al. (2020) studies how imports of industrial robots affect firm-
level outcomes. Robot importers are larger, more productive, and employ a higher share
of managers and engineers. Authors conclude that robot imports increase productivity
and the employment share of high-skill professions, but have a weak effect on total sales.

More recently, Deng et al. (2023) analyses the impact of robot adoption on
employment composition using data on robot use in German manufacturing plants
linked with social security records and data on job tasks. The event-study analysis of
robot adoption signals more favourable employment effects for the least routine-task
intensive occupations and for young workers, with the latter being better at adapting to
change. Authors conclude that the displacement effect of robots is occupation biased but
age neutral, whereas the reinstatement effect is age biased and benefits young workers
most.

As for the international trade dimension, Alguacil et al. (2022) studies the causal
effect of robot adoption on the intensive and extensive margins of exports of Spanish
manufacturing firms over the period 1990–2014, and finds that those adopting robots
experience a sharp increase in export probability, exports and share of exports in total
output. The positive impact of robot adoption on exports is driven by its positive effect
on firm total factor productivity (TFP), product innovation and imports. Also for Spanish
manufacturing firms, Koch et al. (2021) uses a rich 27-year long panel data set and
provides causal evidence on the characteristics that prompt robot utilization and their
impact on adopting firms relative to non-adopting firms. The article concludes that
there is robust evidence for positive selection, i.e., firms more productive ex ante are
more likely to adopt robots and, conditional on size, firms more skill-intensive ex ante
are less likely to do so. In addition, robot adoption generates substantial output gains,
reduces the labour cost share, and leads to net job creation. The results also demonstrate
a positive causal effect of robots on productivity, as well as a complementarity between
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robots and foreign sales in increasing productivity. In addition, Leone (2022) uses a
panel of Spanish manufacturing firms covering the period 1990-2017 and shows that
those acquired by multinationals start investing in industrial robots, which leads to a
reduction of the labor share at the firm and industry levels. The estimates of the model
imply that, without multinationals and robots, the manufacturing labor share would be
at the level of two decades ago.

As for Portugal, studies about robot adoption are Candeias et al. (2022), which studies
the implications of automation on productivity and employment in the automotive
sector, and Almeida and Sequeira (2023), which uses a fixed effects panel quantile
regression and an instrumental variable regression model to study the impact of robots,
software, ICT and physical capital on productivity. Amador and Silva (2023) studies the
association between new digital technologies, including robots, and productivity, wages
and export intensity.

In this article we describe the prevalence of robots in Portuguese firms. Firstly,
we frame Portugal in the international context and describe the distribution of robots
along sectors and tasks performed. Secondly, we test regressions with controls for
sector and firm size to correlate the existence of robots at the firm with productivity,
wages, international trade and profitability. The short time-span of the data does not
allow to study employment. The article concludes that Portugal has been increasing the
number of robots in operation but it starts from very low levels and other European
laggards have evolved much faster. Moreover, firms with robots are also those with
higher productivity, profitability and export intensity, while the labour share is lower.
Moreover, the positive association between robots and productivity is higher in the
lower quantiles of the productivity distribution.

The article is organized as follows. In section Section 2 we present the three databases
used in the article. Section 3 presents cross country data on the number and type of
robots since the early nineties to frame the Portuguese situation in the international
context, while also presenting evidence for the US and China. Section 4 explores the
sectoral dimension of robots’ adoption by Portuguese firms. Section 5 is divided in two
parts, the first concerning the distribution of selected performance variables for firms
with robots versus those without, and the second presenting a correlation exercise based
on a regression with time and sector fixed effects. This exercise is deepened by including
a quantile regression. Finally, Section 6 presents some concluding remarks.

2. Data

In this article we use three main databases with different characteristics. The first one
contains cross-country aggregate information about the number, sectors and different
applications of industrial and services robots in around 40 countries for the period
1993-2021 (International Federation of Robotics (2022)). The database is maintained by
the International Federation of Robotics, a non-profit organization established in 1987,
whose members come from the robotics industry, national or international industry
associations and research & development institutes from more than 20 countries.
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The other two databases contain rich firm-level information and we merge them
to assess heterogeneity in robot utilization by Portuguese firms and to establish an
association between the existence of robots at the firms and productivity, labour
market outcomes, profitability and participation in international trade. The first set of
data contains firm’s answers to “Inquérito à Utilizaçao das Tecnologias de Informação e
Comunicação nas Empresas” (IUTICE), a survey conducted by the Portuguese national
institute of statistics (Statistics Portugal). This statistical operation is carried out annually
within the framework of EU legislation (EC regulation No. 808/2004), which establishes
a set of harmonization guidelines, thus ensuring the availability of comparable statistical
results across member states. This is the set of data underlying the computation of
aggregate digitalization statistics by the Eurostat. The IUTICE was initiated in 2003
and we use information until 2020. The set of firms surveyed is not constant and the
size of the sample has changed along the years, with a notable increase after 2010,
which improved its representativeness. The set of questions posed to firms has changed
substantially along the different vintages of the survey. The editions of 2018 and 2020
include an explicit question regarding the existence of robots at the firms, which are
the core of our information. The short time span of the data turns some analysis non
viable, notably the assessment of changes in the number of employees at the firm after
the adoption of robots, not to mention proofing causal inference.

Another very relevant issue, with potential strong impact on the results, is the non-
quantification of the number of robots in operation in the firm. Indeed, to have just one
robot performing a particular task is quite different from having an entirely automated
production line. A proxy for the actual number of robots operating in firms could be
obtained from very detailed firm-product data on imports, more specifically from the
accumulation of imports of goods classified as robots. Nevertheless, this firm-level data
source is not possible to merge with other firms’ characteristics and robots are not
necessarily imported by the firms that incorporate them in the productive process.

The second firm-level database used is the “Sistema de contas integradas das empresas”,
compiled by Statistics Portugal. This database builds on mandatory legal reporting
by Portuguese firms to Statistics Portugal, tax administration, Banco de Portugal and
Ministry of Justice. It covers virtually the universe of Portuguese firms, including self
proprietorships. This dataset contains a large number of balance sheet and income
statement variables, which allow us to control for firm heterogeneity and to compute
labour productivity (GVA per worker) and TFP. Merging the two firm-level datasets is
straightforward since there is a common firm identifier.

3. Time and country comparisons

The number of robots in operation around the world has been expanding rapidly. In
this section we look at the Portuguese experience with robots from an aggregate and
temporal perspective, and compare with the other EU countries, US and China. In
addition, comparing not only the number of robots but also their type is informative.
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In order to compare internationally, the number of robots in the country must be
standardized relatively to some measure of size. Panel A) of Figure 1 plots the number
of robots per thousand million of euros of GDP, at constant prices of 2015. From 1995 to
2021, the ratio increased almost ten-fold in Portugal, and it is at around three quarters
of the EU average. Although also increasing in this period, the ratio for the US is one
third of the EU average. Strikingly, China displays a very fast increase in this period
and the level of robots on GDP is twice larger than in the EU in 2021. Panel B) of Figure
1 sets the total employment as the standardization variable and results are somewhat
different due to distinct labour productivity levels in these countries. In Portugal, the
number of robots per thousand workers increased from virtually zero in 1995 to 1.3 in
2021. In this final year, the ratios for the US, the EU average and China were 2.1, 2.8 and
1.7, respectively. Germany clearly stands out as a highly automated economy, with 5.5
robots per thousand workers in 2021 and a steady increase since 1995.

The very high number of robots per worker in Germany versus other economies is
also visible in Figure 2, which ranks the ratio for 25 EU countries. Portugal is placed
in the mid-lower end of the distribution in 2021 in a context where several countries
that were lagging in 1995 recorded very strong progress (e.g. Czech Republic, Slovenia,
Slovakia).

Table 1 presents the distribution of robots along sectors in 2012 and 2021 in Portugal,
Germany, EU, US and China. In the first of these two years the share of “unspecified” is
large. Despite the limitations of the database, it is clear that manufacturing is dominant
in terms of robots’ usage in all these countries, with shares above 80 per cent (close to
90 per cent in Portugal). Regarding robot utilization, the automotive sector is the largest
manufacturing sector in Portugal, Germany, EU and US, but in China it weights less
than the electrical and electronics sector. In Portugal, the sector of rubber and plastics
and the non-auto metal products rank second and third, with shares of 12.4 and 11.1 per
cent in 2021, respectively.

Portugal EU Germany US China

SECTOR 2012 2021 2012 2021 2012 2021 2012 2021 2012 2021

Manufacturing 75.8 89.8 87.7 81.6 89.6 82.4 70.9 86.5 67.3 80.5
Food and beverages 3.7 4.3 5.2 6.2 3.7 2.8 3.4 5.7 1.2 1.7
Rubber and plastic (non-auto) 4.7 12.4 8.9 8.0 7.7 7.3 4.9 4.9 11.5 3.5
Metal products (non-auto) 22.1 11.1 8.2 8.6 5.5 6.7 5.4 2.7 2.7 4.5
Industrial machinery 1.9 5.2 4.6 6.3 4.3 5.5 1.0 1.6 0.7 5.9
Automotive 36.8 47.1 45.6 39.6 53.3 48.8 39.2 41.6 33.3 26.3
Electrical and electronics 2.1 1.0 3.9 4.0 4.9 4.8 12.3 15.3 10.8 30.1

Other sectors 1.9 0.9 1.3 2.3 1.4 1.4 0.3 1.2 0.3 2.0
Unspecified 22.3 9.2 11.0 16.1 9.0 16.1 28.8 12.3 32.3 17.4
Total 100 100 100 100 100 100 100 100 100 100

TABLE 1. Distribution of robots in the economy, by sector of activity (2012 and 2021)
Note: The EU average does not take into account Luxembourg and Cyprus.
Source: World Robotics and author’s calculations.

Table 2 complements the previous analysis with the breakdown of robots in Portugal,
Germany, the EU average, US and China in 2012 and 2021, along the different types of
tasks they perform. As in the other countries considered, robots performing handling
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FIGURE 1: Robots across the world
Note: The EU average does not take into account Luxembourg and Cyprus.
Source: World Robotics, AMECO, Penn World Tables and author’s calculations.

and machine tending operations are dominant in Portugal in 2021 (51.9 per cent), though
in 2012 welding and soldering played the largest role (46.2 per cent). The remaining
tasks are clearly less important in all countries, with the notable exception of robots for
assembling and disassembling in China, with a share of 15.9 per cent in 2021.

Information regarding the utilization of robots in firms must be collected through
surveys or administrative data. The Eurostat collects data from standardized national
surveys on adoption of digital technologies by households and firms and provides
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FIGURE 2: Number of robots per worker in the EU
Note: The EU average does not take into account Luxembourg and Cyprus.
Source: World Robotics, AMECO and author’s calculations.

Portugal EU Germany US China

TASK PERFORMED 2012 2021 2012 2021 2012 2021 2012 2021 2012 2021

Handling and machine tending 27.7 51.9 52.6 58.1 53.8 56.4 36.2 44.9 32.9 40.4
Welding and soldering 46.2 25.3 25.8 17.0 24.4 15.9 37.3 26.2 43.7 25.6
Dispensing 2.2 2.8 4.2 3.2 4.8 4.0 4.5 3.2 6.0 3.7
Processing 1.6 1.4 3.3 2.7 2.8 2.8 2.2 1.1 1.2 1.6
Assembling and disassembling 2.7 4.4 5.6 5.7 5.9 5.8 7.8 6.3 7.3 15.9
Others 0.5 6.6 2.1 2.7 1.7 2.6 6.6 6.3 2.9 3.2
Unspecified 19.1 7.5 6.4 10.7 6.6 12.5 5.3 11.9 6.0 9.5
Total 100 100 100 100 100 100 100 100 100 100

TABLE 2. Distribution of robots in the economy, by tasks performed (2012-2021)
Note: The EU average does not take into account Luxembourg and Cyprus.
Source: World Robotics and author’s calculations.

online a quite large set of aggregate results.1 Even if the survey only captures the
existence of robots and not how many of them actually operate in the firm, it is still
very useful information. Panel A) of Figure 3 ranks the percentage of firms with robots
in the EU member countries in 2020. Denmark ranks first with almost 20 per cent of
firms reporting the existence of robots. Portugal lays in the mid-low segment of the
distribution, in the 18th position, with a share slightly above 8 per cent. Panel B) of

1. This database by the Eurostat is available at https://ec.europa.eu/eurostat/web/

digital-economy-and-society/database/comprehensive-database.

https://ec.europa.eu/eurostat/web/digital-economy-and-society/database/comprehensive-database
https://ec.europa.eu/eurostat/web/digital-economy-and-society/database/comprehensive-database
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Figure 3 presents the share of firms with services versus industrial robots in 2020.2 With
the exception of Ireland, the share of firms using industrial robots is higher than that of
those using service robots. The share of those using service robots in Portugal is about
half of those using industrial robots, even if some firms may have both types. The sum
of the shares of firms with industrial and services robots in a country in panel (B) may
exceed the total in panel (A) because some firms have both types of robots in operation.
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FIGURE 3: Percentage of firms with robots in EU countries in 2020
Source: Eurostat and author’s calculations.

2. Service robots typically operate in sectors such as healthcare, hospitality, retail, and logistics. They
execute functions ranging from cleaning and delivery to care-giving and customer service.
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4. Robots within sectors in Portugal

In this section we use the firm-level data to analyse the share of firms that report the
existence of robots within the 12 main sectors in the economy, weighting firms surveyed
according to population, sales and employment. Complementarily, we take a NACE 2-
digit classification of activity and rank sectors according to the percentage of firms with
robots within each sector using population weights.

Table 3 shows again that manufacturing is the sector where robots are most
pervasive. This is true in terms of number of firms and also when they are weighted
according to sales and employment. When we use these weights, robots are also
quite pervasive in transports and other services, and at a distance, in the sectors of
construction and water.

SECTOR Number Turnover Employment

Manufacturing 11.1 48.3 33.9
Electricity & gas 4.5 1.1 10.4
Water 5.9 14.1 16.5
Construction 3.1 17.0 10.8
Wholesale & retail 1.6 5.2 4.0
Transport 1.7 23.3 20.6
Accommodation 1.0 1.0 1.1
Information & com. 1.0 0.5 0.8
Real estate 0.6 0.4 0.2
Consult. & science 0.7 1.2 1.0
Administrative act. 1.2 1.2 2.2
Other services 2.3 24.8 19.3

TABLE 3. Share of firms with robots along sectors (2018)
Note: Sectors of Agriculture, Education, Health & social and Arts & sports are not reported due to the small
number of responding firms.

The number of firms surveyed and included in our database (5964 in 2018 and 5382
in 2020) is large enough to cover the largest sectors of activity and ensure a reasonable
representativeness, but that is not necessarily the case if we take a very detailed sectoral
classification. Even so, aiming at a finer picture of robot utilization, we check the
percentage of firms reporting the existence of robots in operation in 2018, weighting
each one of them by the respective turnover in the sector. Figure 4 ranks sectors and
labels the top ten. Among these top ten sectors, two that are typically associated with
strong automation emerge: manufacture of motor vehicles and production of metal
products, except machinery and equipment. Activities associated with transport are also
represented (air transport and postal and courier), as well as those of construction (civil
engineering and construction of buildings). In addition, 25 per cent of firms operating
in the sector of repair of computers and household goods report the existence of robots
in operation.
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FIGURE 4: Robots per sector
Note: Individual firms are weighted according to their turnover.

5. Robots, productivity, wages, trade and profitability

In this section we move one step further and study the correlation between the
existence of a robot at the firm and its performance in several dimensions: productivity,
wages, international trade and profitability. We start by comparing the distribution of
performance variables for firms with and without robots. Next, we run a set regressions
with size, and year and sector fixed-effects to assess these relationships in a statistically
robust way.

5.1. Distributions

Panel A) of Figure 5 plots the kernel distributions of TFP for the group of firms
that report the existence of a robot versus those that report the absence of this type
of machinery. We compute the firm-level TFP according to the method developed
by Levinsohn and Petrin (2003). The procedure was implemented using the STATA
command “prodest”, which estimates the production functions using a control function
approach. By default, the command requires the log gross output variable (in our case,
the log of the GVA, at market prices), a set of free variables (typically the log of labor),
a set of state variables (the log capital) and a set of proxy variables (in our case, the
cost of goods sold). The capital stock corresponds to total fixed assets of the firm, as
reported in the balance sheet. It should be noted that the inclusion of robots as an input
to the production function, which would allow a more direct reading of their effects, was
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not considered because the database only signals the existence of robots and not their
number.

The TFP distribution of firms with robots is clearly shifted to the right when
compared with that of non-adopters. Its skewness is negative, as opposed to a positive
one for firms without robots. When we compare the kernel distributions for the
logarithm of labour productivity, in Panel B) of Figure 5, the conclusion that firms
with robots are also those with higher productivity emerges again. These initial results
are compatible with the studies that indicate positive impacts of robots on firms’
productivity.

Panel A) of Figure 6 plots the kernel distributions for the logarithm of wages in the
group of firms that refer the existence of a robot versus those that do not report having
them. As referred in empirical studies for other countries, and consistent with their
higher productivity, wages are higher in firms with robots. Panel B) of Figure 6 repeats
the comparison but focusing on the labour share. The distribution of firms reporting the
existence of robots is shifted to the left, signalling a lower labour share, which is also in
accordance with results obtained for other countries.
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FIGURE 5: Productivity indicators

Next, we turn to international trade. Panel A) of Figure 7 plots the kernel
distributions for the export intensity ratio, measured as exports on turnover, in the group
of firms that refer the existence of a robot versus those that do not report having them.
Both distributions present the usual bimodal shape but firms that report having robots
post much higher densities for larger export intensities, thus signalling stronger export
activity. As for imports, which are equally important as regards trade integration and
gains, panel B) of Figure 7 shows that firms with robots are also those with larger shares
of imports on turnover.

Lastly, we look at differences in the distributions of profitability indicators for
adopters and non-adopters of robots. Panel A) of Figure 8 shows the two distributions
for the ratio of earnings before interest, taxes, depreciation and amortization (EBIDTA)
on total assets, while panel B) focuses on the ratio of gross operating surplus on GVA.
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FIGURE 6: Wage indicators
Note: In order to correct for extreme observations, variables were subject to a winsorization procedure
affecting obsercations up to the percentile 5 and above percentile 95.
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FIGURE 7: International trade indicators
Note: In order to correct for extreme observations, variables were subject to a winsorization procedure
affecting obsercations up to the percentile 5 and above percentile 95.

In both panels, the differences between distributions are small but the distributions for
firms that report the existence of robots have more density in higher profitability ratios.

5.2. Correlations

The previous subsection signals correlations by visually comparing distributions, but
this is quite partial and lacks statistical support. Although having two years of data
does not allow us to test causality or to consider time-invariant characteristics of the
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FIGURE 8: Profitability indicators
Note: In order to correct for extreme observations, variables were subject to a winsorization procedure
affecting obsercations up to the percentile 5 and above percentile 95.

firms that might affect the dependent variable, it is still possible to run regressions that
take into account time and sector fixed effects and control for firm size.

Table 4 presents the results of the regression exercise, considering the eight
dependent performance variables separately, with a dummy variable that takes the
value one if the firm reports the existence of a robot and a control for the firm size class.
The four size classes correspond to micro, small, medium and large firms, in accordance
with the definition used by the European Commission, which combines turnover and
number of employees. Regressions include time and sector fixed effects, according to
the 2-digit NACE classification of economic activities.

Columns one and two of table 4 post positive and significant coefficients in the
dummy variable, signalling a positive correlation between the existence of robots at
the firm and both TFP and labour productivity, which is in accordance with what is
found in the literature for other countries. As for the correlation between robots and the
labour share (column 3), the coefficient is negative and significant, while the correlation
with the logarithm of wages is not statistically different from zero (column four). In
what concerns international trade, the correlation of robots with the export intensity
ratio is positive but not statistically different from zero in the import intensity. Finally,
as for EBIDTA on assets and gross operating surplus on GVA, the coefficient of the
dummy variable is positive, though slightly less significant in the former profit ratio.
The coefficients of the size class variable in the regressions are also in accordance with
the literature. Larger firms are more productive, accordingly they pay higher wages,
they post a lower labour share, they are more engaged in exports and they are more
profitable.

Results in Table 4 can be complemented by estimating the coefficients on the impact
of having robots at the firm in different segments of the distribution of the outcome
variables. We adopt a quantile regression approach that allows for the inclusion of
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(1) (2) (3) (4) (5) (6) (7) (8)
Labour Labour Wages Export Import EBITDA GOS

VARIABLES TFP productivity share intensity intensity over assets on income

Robots 0.077*** 0.044** -0.043*** -0.008 0.098*** 0.487 0.007** 0.040***
(0.010) (0.021) (0.010) (0.014) (0.011) (0.603) (0.003) (0.010)

Size class 0.428*** 0.207*** -0.025*** 0.193*** 0.125*** -0.238 0.007*** 0.023***
(0.003) (0.005) (0.002) (0.004) (0.003) (0.423) (0.001) (0.002)

Constant 8.610*** 9.752*** 0.819*** 9.405*** 0.084*** 1.138 0.077*** 0.199***
(0.006) (0.011) (0.006) (0.009) (0.007) (1.060) (0.002) (0.005)

Nb obs. 17,228 17,228 17,228 17,114 13,643 13,643 17,228 17,228
Adj. R2 0.735 0.360 0.153 0.346 0.447 0.007 0.055 0.125
Time FE YES YES YES YES YES YES YES YES
Sector FE YES YES YES YES YES YES YES YES

TABLE 4. Existence of robots at the firm and performance
Notes: Robust standard errors in parentheses. *** p<0.01, ** p<0.05, * p<0.1. Robots is a dummy variable
assuming the value 1 in case the firsms reposts the existence of robots. EBITDA stands for earninsg
before interest, taxes, depreciations and amortizations. GOS stands for gross operating surplus. In order
to correct for extreme observations, all dependent variables were subject to a winsorization procedure
affecting observations up to the percentile 5 and above percentile 95, except in the cases of TFP and labour
productivity, where the percentiles are 1 and 99.

fixed effects, as proposed by Machado and Santos Silva (2019) and implemented in the
STATA package MMQREG (Rios-Avila (2020)). The database and the sets of explanatory
variables and fixed effects are exactly the same as in Table 4.

The eight panels of Figure 9 report the coefficients for the dummy variable that
signals the existence of robots at the firm along the distribution of each outcome variable.
Panels (A) and (B) show that the positive correlation between robots and productivity
is larger in the lower quantiles, i.e. for less productive firms. In can be argued that firms
on the top of the productivity distribution have already explored several margins of
efficiency, thus the marginal benefit of robot adoption is lower. In addition, the positive
correlation of robots and the export intensity of the firm is weaker for those with high
exports on sales (panel E). As for the remaining outcome variables, given the amplitude
of the confidence bands, there is no statistically significant profile for the coefficients in
the different percentiles.
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FIGURE 9: Quantile regressions
Note: The shaded area corresponds to the 95% condidence interval. EBITDA stands for earninsg before
interest, taxes, depreciations and amortizations. In order to correct for extreme observations, all dependent
variables were subject to a winsorization procedure affecting observations up to the percentile 5 and above
percentile 95, except in the cases of TFP and labour productivity, where the percentiles were 1 and 99.
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6. Final remarks

Robots and automation in general are an important dimension of the ongoing digital
transition. Impacts extend from the labour market to the productive structure and
international trade, as changes in the pattern of comparative advantages and firms’
location decisions are likely to occur. The analysis of robots’ impacts in firms and the
overall economy will continue as further data becomes available. Detailed firm-level
information on the usage of robots is still sparse, which is a problem when the aim is to
establish causal relationships.

This article presents evidence regarding the prevalence of robots in Portuguese firms.
The first part of the study frames Portugal in the international context and describes the
distribution of robots along sectors and tasks performed. However, the association of
robots with firms’ performance variables is more relevant. Therefore, in the second part
of the article we statistically test the relationship between the existence of robots at the
firm and a set of performance variables, namely productivity, wages, international trade
and profitability.

We conclude that Portugal has been increasing the number of robots in operation,
but it starts from very low levels and other European laggards have evolved much
faster. Robots are mostly present in the manufacturing sector, more specifically on
metal products and automotive activities. Using the firm-level data, it is possible to
corroborate that the manufacturing sector is the one where a larger share of firms reports
the utilization of robots, not only in terms of number of firms but also in terms of
turnover and employment. As for the association between the existence of robots at
the firm and performance, empirical evidence for Portuguese firms points to a positive
relationship with productivity, export intensity and profitability, while the correlation
with the labour share is negative. The impact on wages is not statistically different from
zero.

The decision to use of robots in the production process is taken by the firms within
the setup of a profit maximization problem. There is room for public policy in the
promotion of these technologies, notably if there are positive spillovers or barriers
to investment. Nevertheless, although there are seemingly positive results from the
operation of robots in firms, the success of these investments ultimately lies on firms’
abilities and business plans. Therefore, subsidization must be carefully designed and
the removal of framework costs and barriers to financing and investment should be
prioritized.
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Euro area inflation expectations: A focus on consumers’ expectations

Sandra Gomes, Nuno Monteiro and Pedro Pires Ribeiro

Inflation expectations are the rate at which economic agents expect prices to rise
in the future. Inflation expectations are central to macroeconomic theory, as they
influence critical intertemporal decisions. Moreover, the expectations of financial
market participants impact asset prices. Hence, inflation expectations are an important
component of the information set guiding monetary policy authorities in pursuing their
price stability objective.

While inflation expectation measures may be obtained from various sources,
they have been more commonly collected from financial instruments and surveys
from professional analysts. To a large extent, this results from data unavailability
regarding surveys of other types of agents. Until recently, the primary source for
assessing consumers’ inflation perceptions and expectations in the euro area was the
Business and Consumer Surveys (BCS) conducted by the European Commission (EC)
since 2004. However, the European Central Bank (ECB) introduced the Consumer
Expectations Survey (CES) in January 2020, gathering monthly data from several euro
area countries. This survey is a relevant step to fill knowledge gaps regarding euro area
household sector analysis. This article analyses the results of the CES regarding inflation
perceptions and expectations. While prior analyses have already focused on the CES,
this article covers the period up to December 2023, thereby including the recent surge
in inflation and subsequent fall. Despite the richness of the survey, it is noteworthy to
highlight that it is relatively recent, so we also provide a detailed comparison with the
quantitative inflation perceptions and expectations from the EC’s BCS, which is available
since 2004. Despite the differences in the design of the two surveys, their comparison is
informative, as they focus on the same type of agent.

Figure 1 displays the series for inflation perceptions and 1-year ahead inflation
expectations of both surveys and compares with observed inflation. The series exhibit
a large co-movement, but compared to observed inflation there seems to be a positive
bias, in particular in the case of the BCS.

Using publicly available microdata (i.e., data for responses at the individual level of
the respondent) from the CES, we investigate factors influencing consumers’ inflation
perceptions and expectations. In general, our analyses suggest that consumers in the
euro area tend to report an upward bias relative to observed inflation, evident in
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FIGURE 1: Inflation perceptions, 1-year ahead expectations and observed inflation
Sources: ECB, EC, and Eurostat.
Notes: In the right-hand figure, the bar represents the beginning of the CES sample period. The figure
shows median inflation perceptions/expectations.

both their perceptions and expectations. In addition, our empirical findings reveal a
link between inflation perceptions and observed inflation, and that 1-year inflation
expectations are related to past expectations, inflation perceptions and social and
demographic characteristics (such as age and income).

Finally, we compute euro area real interest rates by adjusting the nominal interest
rate through various measures of 1-year ahead inflation expectations. We then compare
these different measures against an equilibrium real rate, as this difference is informative
regarding the monetary policy stance. Overall, while alternative measures of the real
interest rate based on different inflation expectation measures exhibit similarities, they
may lead to different conclusions as for the degree of accommodation or restrictiveness
of monetary policy over time.

In summary, we conclude that the CES represents a valuable addition to the array of
euro area inflation expectation measures that policymakers should continue to monitor
in the future, as it is unfeasible to determine which survey provides the best measure of
consumers’ inflation expectations.
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Abstract
Central banks routinely analyse measures of inflation expectations to gain insights into the
private sector’s perspectives on inflation developments and to evaluate the credibility of
monetary policy in fulfilling its mandate. While the analysis of inflation expectations typically
focuses on market-based measures and professional forecasters’ surveys, the expectations of
consumers and firms are also considered relevant as they are believed to influence economic
decisions. This article examines inflation expectations among euro area consumers, focusing
on the European Central Bank’s Consumers Expectations Survey and comparing it with the
European Commission’s Business and Consumers Surveys. In line with previous results in the
literature, the empirical findings confirm an upward bias in consumer’s inflation perceptions
and expectations relative to actual inflation, and support the link between observed inflation,
perceptions, and 1-year ahead expectations. Furthermore, consumers’ inflation expectations
differ according to age and income. Finally, the article illustrates the use of diverse inflation
expectation measures, including those derived from consumers, in computing real rates,
emphasising their utility in assessing the monetary policy stance. (JEL: D12, D84, E31, E52, H31)

1. Introduction

Inflation expectations are the rate at which agents, including consumers, firms,
financial market analysts, and investors, expect prices of goods and services
to change in the future. Inflation expectations are central to macroeconomic

theory. Optimal intertemporal decisions (including price and wage setting and
consumption-saving decisions) hinge on real variables, i.e., nominal variables adjusted
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for expected inflation (see, e.g., ECB (2011)). In various macroeconomic models, inflation
expectations, namely those influencing consumption and investment decisions, are a key
determinant of macroeconomic variables, including inflation. Expectations of financial
market agents have been shown to affect asset prices, such as stock prices and interest
rates (see, e.g., Bernanke and Kuttner (2005)). Additionally, the effectiveness of the
central bank’s communication and the public’s confidence in its monetary policy can
be gauged by resorting to measures of inflation expectations (see e.g., Christelis et al.
(2020) and Mellina and Schmidt (2018)). Hence, inflation expectations are an important
component of the information set guiding monetary policy authorities in pursuing their
inflation objective, while ensuring that long-run inflation expectations remain well-
anchored at that goal.

Inflation expectation measures may be obtained from various sources, including
financial instruments and surveys. On the one hand, inflation-linked securities (such
as inflation-linked bonds, inflation-linked swaps, and inflation-linked options) serve as
important real-time monitoring measures for inflation expectations, though they are
prone to include risk premia (e.g., inflation risk premium1). Still, their interpretation
under the assumption of risk neutrality yields a measure of inflation expectations that
corresponds to the average expected inflation rate over the security’s term. On the other
hand, surveys of different types of agents (e.g., market analysts, consumers, and firms)
are typically available at a lower frequency than market data. Surveys of professional
analysts provide direct measures of inflation expectations for various time horizons but
are released with a monthly or quarterly frequency. There are also surveys that monitor
expectations of consumers and firms. In fact, these may be particularly relevant as they
reflect the expectations that likely influence these agents’ economic decisions and may
differ from financial market participants’/professional forecasters’ expectations.

Monetary authorities routinely monitor measures of inflation expectations both at
short and long horizons. The information set of central banks most frequently includes
measures based on financial market instruments and professional analysts. To a large
extent, this results from data unavailability regarding surveys of other types of agents,
as recognised by Gomes et al. (2021), although this information gap has been closing. In
addition, it has been argued that consumers may be poorly informed (see, e.g., Coibion
and Gorodnichenko (2015)). Their answers tend to be volatile and dispersed, they tend
to overestimate observed inflation and they appear to be strongly influenced by their
own subjective experience (see, e.g., D’Acunto et al. (2021)). Fundamentally, there is still
limited knowledge about consumers’ inflation expectations.

If one believes there is some role for expectations in decision making, then
following consumers’ and firms’ inflation expectations becomes relevant, namely for
policymakers. In addition, the monitoring of inflation expectations is important to assess
the stance of monetary policy. In fact, the stance of interest rate policy can be gauged
by comparing the level of real interest rates, i.e., nominal rates adjusted by a measure

1. The inflation risk premium corresponds to the compensation investors demand for bearing risks
related to the uncertainty surrounding future inflation.
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of inflation expectations, with that of the equilibrium real rate often called the natural
interest rate. The availability of diverse measures for inflation expectations, reflecting the
perspectives of different agents, enables the computation of distinct real rates, thereby
providing hints regarding different perceptions of the monetary policy stance.

Up to recently, the only source of consumer’s inflation expectations measures for the
euro area was the Business and Consumer Surveys (BCS) conducted by the European
Commission (EC) at quarterly frequency. However, in January 2020, the European
Central Bank (ECB) launched a pilot Consumer Expectations Survey (CES) which
collected information at a monthly frequency on the perceptions and expectations of
euro area consumers across several economic dimensions, including inflation. The pilot
phase confirmed the overall high quality of the CES data and ended in June 2021, when
a new development phase with further enhancements started, such as an increased
sample size, a broader country and topical coverage, among other measures aimed at
strengthening the quality of CES analysis at both the aggregate and micro levels. This
survey represents a relevant step to fill knowledge gaps regarding euro area household
sector analysis.

The contribution of this study is threefold. Firstly, it analyses the results of the CES
regarding inflation perceptions and expectations. While prior analyses have already
focused on the CES (e.g., Bańkowska et al. (2021)), this article covers the period up
to December 2023, thereby including the recent surge in inflation and subsequent fall.
Despite the richness of the survey, it is noteworthy to acknowledge it is relatively new,
so this article also provides a comparison with the quantitative inflation perceptions
and expectations from the EC’s BCS, which is available since 2004. Even though there
are differences between the design of the two surveys, it is informative to compare
them as they give information regarding the same type of agents. Secondly, using
publicly available microdata (i.e., data at the individual level) from the CES, this article
explores some variables affecting consumes’ inflation perceptions and expectations at
the individual level. Thirdly, acknowledging the pivotal role of inflation expectations,
this article computes several euro area real interest rate gaps based on various measures
of 1-year ahead inflation expectations and provides an interpretation in terms of the
monetary policy stance.

This article is structured as follows. Section 2 examines the euro area consumers’
inflation expectations derived from the CES and the BCS. Section 3 analyses the
microdata from the CES, aiming to illustrate factors that influence individual inflation
perceptions and expectations. In Section 4, different measures of inflation expectations
are compared in terms of implications for the monetary policy stance, in particular
through the calculation of real interest rates and comparison to the euro area natural
rate. Finally, Section 5 presents some concluding remarks.

2. Consumers’ inflation expectations in the euro area

The methodologies of opinion surveys, in particular surveys of consumers, exhibit some
differences, for example regarding sample representativeness, the way information is
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collected and how questions are formulated. In addition, survey results are influenced
by several factors, including individual characteristics (such as age or income),
potential overemphasis on specific personal experiences, and the experience in survey
participation.2

The next two sub-sections offer a concise overview of the ECB’s CES and the EC’s BCS
and compare the information on consumers’ inflation expectations of the two surveys.

2.1. Characterisation of the surveys

The ECB’s CES is an online survey initiated in 2020, conducted monthly by the ECB
(implementation was outsourced to Ipsos Public Affairs), encompassing both monthly
and quarterly questions.3 The target population of the CES is the population aged 18
and above, residing in the countries included in the CES sample. The sample aims to be
representative by age, gender, and region.4 During the initial (pilot) phase, the survey
targeted approximately 10,000 respondents, and this increased to around 14,000 as of
end-2023. The euro area aggregates are computed based on existing country coverage,
which, up do December 2023, included Belgium, Germany, Spain, France, Italy, and the
Netherlands.5 The main aggregate results of the CES are published monthly on the
ECB’s website whereas microdata is published on the website following a quarterly
release schedule.

This survey includes, on a monthly basis, quantitative questions regarding consumer
perceptions about past inflation as well as expectations about future inflation, namely:

How much higher (lower) do you think prices in general are now compared with 12 months
ago in the country you currently live in? Please give your best guess of the change in percentage
terms. You can provide a number up to one decimal place. ___._%

How much higher (lower) do you think prices in general will be 12 months from now in the
country you currently live in? Please give your best guess of the change in percentage terms. You
can provide a number up to one decimal place. ___._%

These questions refer to changes in prices in general instead of using the term
“inflation” (or “deflation”) to avoid the need of familiarity with these economic
concepts. Besides inflation, which is the focus of this article, the survey also covers
other themes, namely income and consumption, labour markets and economic growth,
and housing markets and credit. Regarding inflation, the survey covers information on

2. Repeating survey participants tend to exhibit lower inflation expectations and reduced uncertainty
compared to new participants, which suggests that repeating participants learn and become more informed
about inflation as they engage more with the survey (see, e.g., Kim and Binder (2023)).

3. The fact that the survey is conducted online may lead to a bias towards more educated people. For a
description of the ECB’s CES see Bańkowska et al. (2021) and Georgarakos and Kenny (2022).

4. While respondents can be aged 70 or above, the requirements for sample representativeness were
initially set to include only the 18-70 age range, given the difficulty of recruiting participants aged 70+.

5. From January 2024 onwards, the euro area aggregate includes Austria, Ireland, Finland, Greece, and
Portugal and these countries also have publicly available microdata.
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inflation perceptions over the past 12 months and inflation expectation for the next 12
months, as well as 3 years ahead. Public data are categorised by: (i) country, (ii) age
group and (iii) income quintile.

The EC’s BCS is published monthly by the Directorate-General for Economic
and Financial Affairs and is derived from surveys conducted by national institutes
in the European Union Member States and the candidate countries, based on a
common methodology and timetable.6 The target population of the BCS includes
individuals aged 16 and above. The sample size varies across countries according to the
heterogeneity of their economies and is generally positively related to their respective
population size. In what regards the consumers, around 25,000 individuals are surveyed
across the euro area. The aggregate results of the BCS are monthly, published on the
EC’s website. Some parts of the survey, including consumers’ inflation perceptions and
expectations, are only available quarterly.

The BCS collects, on a quarterly basis, quantitative questions on inflation perceptions
and inflation expectations since 2004 (regularly published since 2019), namely:7

By how many percent do you think that consumer prices have gone up/down over the past
12 months? (Please give a single figure estimate): consumer prices have increased by ___._% /
decreased by ___._%.

By how many percent do you expect consumer prices to go up/down in the next 12 months?
(Please give a single figure estimate): Consumer prices will increase by ___._% /decrease by
___._%.

The survey questions are intentionally vague as regards the meaning of consumer
prices, so respondents make their own interpretation as to what basket of goods to
consider. In addition to overall figures, results are further disaggregated for specific
categories, including by: (i) income level, (ii) gender, (iii) age group, (iv) occupation,
and (v) education level.

2.2. Comparison between surveys

This sub-section compares the information on consumers’ inflation expectations of the
two surveys. The analysis focuses on inflation perceptions and 1-year ahead inflation
expectations, as they are available in the two surveys. In general, the analysis of the
surveys is mainly focused on median figures (rather than the mean) as they are less
sensitive to outliers and this choice follows common practice in this literature.

It is a well-established fact in the literature that consumer surveys’ results tend to
present a bias relative to observed inflation8 (see, e.g., Arioli et al. (2017), Abildgren
and Kuchler (2021) and Weber et al. (2022)). The literature relates an upward bias of

6. For a description of the EC’s BCS methodology see EC (2024).

7. The EC’s BCS also includes qualitative questions about inflation developments over the last and the
next 12 months, which were also explored in previous literature (see, e.g., Berk (2002) and Dias et al. (2010)).

8. Inflation is defined as the year-on-year change of the Harmonised Index of Consumer Prices (HICP).
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consumers surveys on inflation to various factors (see, e.g., Coibion and Gorodnichenko
(2015) and Trehan (2011)). For example, consumers tend to pay more attention to their
own cost of living/shopping basket and their experience regarding observed inflation
over their life, or households tend to be more inclined to give greater attention to items
that they purchase frequently or that have a large weight in their consumption basket,
such as food and gasoline (see, e.g., Weber et al. (2022)). Additionally, individuals have
a downward-biased memory of the past level of prices, i.e., thinking that prices were
lower in the past than what they actually were (see, e.g., Weber et al. (2022)).

Table 1 shows that, on average, inflation perceptions are higher than observed euro
area HICP inflation in the BCS and the CES, with a more pronounced difference in
the former. It is worth noting that, despite posing a similar question to the same
type of respondents, the BCS responses concerning both inflation perceptions and
expectations are considerably higher than those reported in the CES, particularly during
the overlapping period. This discrepancy could be attributed to the design differences
between the two surveys, such as the CES being conducted online, which provides easier
access to information, and its use of recurring respondents who may gain experience and
refine their responses over time, potentially aligning them more closely with observed
inflation. While the results of a survey are an estimate of ”true” consumer inflation
expectations, the proximity of CES responses to the actual measured levels of inflation,
such as the HICP, highlights its potential usefulness in enriching the set of available
household’s inflation views. Nevertheless, as can be seen in Figure 1, the existing co-
movement between inflation perceptions and observed inflation is also an indication of
its usefulness.

BCS CES
Since 2004Q1 Since 2020Q2 Since April 2020

Inflation Mean (%) 9.8 14.4 6.4
perceptions Median (%) 7.1 10.7 5.2
past 12m P75-P25 (p.p.) 8.1 11.3 6.4

Inflation Mean (%) 6.5 10.2 4.6
expectations Median (%) 4.4 7.3 3.3
next 12m P75-P25 (p.p.) 5.6 8.9 5.9

Observed Inflation Mean (%) 2.1 4.4 4.4

TABLE 1. CES and BCS descriptive statistics for the euro area
Sources: ECB, EC, and authors’ calculations.
Notes: Mean/Median across consumers’ replies. Interquartile range – difference between the 75 and 25
percentiles of the distribution of inflation perceptions/expectations.

Figure 1 illustrates that while observed inflation is consistently below inflation
perceptions in the BCS, in the CES this is only the case from April 2020 to April 2021
and afterwards this bias inverted. In fact, only in April 2021, when HICP inflation had
already risen to 2%, did inflation perceptions and expectations start to rise. Inflation
expectations stopped increasing in early 2022, while inflation and inflation perceptions
continued to increase further. This behaviour suggests that consumers expected inflation
to peak and start declining within the following 12 months. Even though observed
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FIGURE 1: Inflation perceptions, 1-year ahead expectations and observed inflation
Sources: ECB, EC, and Eurostat.
Notes: Vertical bar on the right-hand chart identifies the beginning of the CES sample period. Inflation
perceptions/expectations – median. The 2nd and 98th percentiles of the weighted distribution of responses
for each CES survey round and each country were discarded.

inflation is always lower than BCS inflation perceptions and expectations, the gap
widened significantly since mid-2022. The delayed response of inflation perceptions and
expectations compared to the recent decline in observed inflation seen in the CES is also
noticeable in the BCS. Thus, in both surveys, consumers reported a turn in inflation
perceptions and expectations only after the peak in actual inflation, and until December
2023 the decline fell short of the magnitude of the fall of observed inflation.

Table 1 also displays the interquartile range (IQR) of the distribution of both
inflation perceptions and expectations which serves as a disagreement measure
among consumers about past and future inflation, respectively. The IQR is higher
for perceptions compared to expectations and larger in the BCS for the overlapping
period with the CES. Figure 2 shows this measure over time. In the BCS there is a
clear relationship of IQR with the level of inflation or, equivalently, with the level of
perceptions/expectations. This relationship is less clear in the case of the CES, given the
relatively short time span. Still, IQR in the CES does seem to have risen in the period
when inflation was increasing, especially from September/October 2021 when inflation
was around 4% and median inflation perceptions/expectations were already displaying
an upward trajectory. In both surveys, IQR remained elevated even after inflation started
to fall.

Even though euro area consumers’ inflation perceptions seem biased compared to
observed inflation, both surveys exhibit a high contemporaneous correlation between
inflation perceptions and observed inflation, as shown in Table 2. Also, inflation
perceptions and 1-year ahead inflation expectations are highly correlated, as shown in
Figure 1.

Previous research has identified substantial heterogeneity in inflation expectations,
both across countries and individuals. This variation is related to sociodemographic
characteristics such as age, gender, education, and income (see, e.g., Abildgren and



32 Banco de Portugal Economic Studies April 2024

FIGURE 2: Interquartile range in inflation perceptions and 1-year ahead inflation expectations
Sources: ECB, EC, and authors’ calculations.
Notes: Vertical bar on the right-hand chart identifies the beginning of the CES sample period. The 2nd and
98th percentiles of the weighted distribution of responses for each CES survey round and each country
were discarded.

Perception vs. Obs. Inflation Perception vs. Expectation

CES Since April 2020 0.86 0.90

BCS
Since 2020Q2 0.80 0.85
Since 2004Q1 0.77 0.89

TABLE 2. Contemporaneous correlations
Sources: ECB, EC, and authors’ calculations.

Kuchler (2021); Arioli et al. (2017), Bryan and Venkatu (2001); Ehrmann et al. (2017) and
Jonung (1981)). Next, this study examines inflation perceptions and expectations across
two dimensions available in both surveys: age and income brackets. Figure 3 displays
consumers’ inflation expectations in the CES and the BCS by income and age groups.

The first panel of Figure 3 shows median inflation expectations per income level
in both surveys. Consumers with lower incomes generally tend to anticipate higher
inflation compared to respondents with higher incomes in the BCS. Differences across
income brackets are quite small in the CES, which could be related with the fact that the
survey started recently and that the number of respondents has increased gradually. The
literature has presented evidence suggesting that agents with more favourable financial
situations tend to anticipate lower inflation rates (see, e.g., del Giovane et al. (2009);
Ehrmann et al. (2017); Galati et al. (2021)). This result has been linked to a greater degree
of uncertainty surrounding future inflation and a more pessimistic assessment of the
economic outlook by lower income respondents.

Shifting the focus to the behaviour of inflation expectations across different age
groups, the two surveys present divergent findings. In the EC survey, older individuals
anticipate lower inflation in the next year, while the results of the CES signal the
opposite, i.e., older consumers have higher inflation expectations. In fact, the literature
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FIGURE 3: Median inflation expectations per income and age brackets
Sources: ECB, and EC.
Notes: Vertical bar on the right-hand chart identifies the beginning of the CES sample period. The figure
shows median inflation expectations per income level/age bracket in both surveys. The figure displays
publicly available aggregate data for each survey.

on the relationship between age and inflation expectations yields differing results.
Some research highlights that inflation expectations are influenced by the inflation
history experienced by the respondents (see, e.g., Malmendier and Nagel (2016)). Older
respondents base their perceptions on data spanning their entire lifetime, thus covering
periods of both low and high inflation, which results in less sensitivity to current
inflation rates. In turn, younger consumers’ expectations will depend more on the level
of inflation seen in the years closer to the date at which the survey is conducted, given
their shorter lifetimes. Therefore, if younger respondents predominantly experienced a
high inflation period, their perceived inflation expectations will tend to be higher, as
Jonung (1981) found in a survey of Swedish consumers conducted in the late 1970s
following decades of high inflation. Diamond et al. (2020) focus on the post-1995 period
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in Japan (a period of low inflation, so younger generations would have experienced
mostly low inflation) and find that inflation expectations increase with age.9

3. Deeper analysis of the ECB’s CES

This section shifts the analysis to the individual level, conducting a more in-depth
exploration of the CES publicly available microdata, aiming to confirm the results of
the previous section and to clarify the relationship between inflation expectations and
consumers’ social and demographic characteristics. Following the ECB’s guide to the
computation of CES aggregate statistics, we exclude the 2nd and 98th percentiles of
the weighted distribution of responses for each survey round and country. A panel
dataset is then defined with survey results for the available euro area countries, i.e.,
Belgium, Germany, Spain, France, Italy, and The Netherlands, comprising the period
from April 2020 to December 2023. The analyses focus on the answers to the quantitative
questions on both inflation perceptions and 1-year ahead inflation expectations,10 as
well as respondents’ details regarding age, income level and country. The dataset can
be described as an unbalanced panel (i.e., a sample where entities are observed a
different number of times), in which a sizeable share of respondents has only responded
sporadically. While this could raise some concerns about the robustness of the empirical
exercise, we have replicated the analyses with a restricted sample (considering only
respondents who participated in the survey at least 24 editions), and the results are
similar to those presented in this section.

3.1. Inflation perceptions and observed inflation

To begin the exploration of the CES microdata, this study analyses the link between
inflation perceptions in the CES with actual inflation. Employing a simple linear
regression, inflation perceptions are modelled as a function of observed inflation.
Formally, this relationship is expressed in equation 1 as follows:

πP
it = µi + βπit + uit (1)

where piPit corresponds to inflation perceptions of individual i at time t and πit is
observed inflation in country of individual i at time t. µi is an individual specific effect,
which is assumed to be fixed. Current inflation is included as the regressor because
the goal is to assess if consumers’ perceptions are related to inflation and not whether

9. Juselius and Takats (2015) focus on trend (i.e., low frequency) inflation (not inflation expectations) over
the 1955–2010 period for 22 advanced economies and found that the larger the proportion of young and
old in the total population, the higher inflation. In other words, when the working-age population is larger,
the effect is disinflationary. This result holds for a large number of countries across all time periods.

10. Questions regarding inflation expectations and perceptions ask about prices in the country the
respondent lives in. Therefore, when comparing the responses at the individual level to actual inflation
outcomes this study considers the respective country inflation.
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the available information, namely regarding the HICP, influences their perceptions.11

The estimation results for the full sample period are detailed in Table 3. The estimate
for parameter β in equation 1 is statistically significant at the usual significance levels,
indicating that, on average, across the entire sample, a 1 p.p. increase in observed
inflation is associated with a 0.55 p.p. increase in perceptions.12

Coefficient of obs. inflation (β) 0.55 ***
(0.01)

N 547850
Within R2 0.10

Overall R2 0.08

TABLE 3. Estimation results of equation 1
Notes: This table records the results of the estimation of equation 1 from April 2020 to December 2023. The
estimate for the constant is not reported, as it lacks an interpretation when estimating the regression with
fixed effects. Robust standard errors in brackets. ∗, ∗∗ and ∗ ∗ ∗ denote significance at the 10%, 5% and 1%
level, respectively.

Next, considering the substantial changes in actual inflation throughout the full
sample as well as the widening gap between actual and perceived inflation since the first
quarter of 2022 (see Figure 1), regression 1 is also estimated with an expanding window
that starts with data ranging from April 2020 to April 2022 and concludes with data
from April 2020 to December 2023, as well as with a rolling 24-month window. Figure
4 depicts the estimation results. The estimates for parameter β increase up to early-
2023 and decline thereafter, noticeably in the rolling window regression. In both cases,
the estimated coefficient is always positive and statistically significant, confirming that
there is a relationship between respondents’ inflation perceptions and actual inflation,
although varying over time.

3.2. Factors influencing 1-year inflation expectations

Next, this study explores in more detail 1-year ahead inflation expectations and
investigates not only the link with inflation perceptions, but also whether consumers’
social and demographic characteristics play a role in individual inflation expectations.
To achieve this, alternative specifications are considered:

πE
it = µi + ωπP

it + ϑπE
it−1 + uit i = 1, ...,N and t = 1, ..., T (2)

πE
it = α+ ωπP

it + ϑπE
it−1 + βXit + uit i = 1, ...,N and t = 1, ..., T (3)

11. If the goal was to analyse the use of available HICP by consumers to form expectations, then it would
make sense to include lagged inflation as a regressor, because at the time of the survey for a given month
the corresponding HICP data has not been released.

12. Equation 1 was also estimated including the 1-month lagged inflation perception as a regressor and
the estimates for all the parameters are statistically significant at the conventional levels.
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FIGURE 4: Estimation results for equation 1 with an expanding window and a rolling window

where πE
it corresponds to consumers’ inflation expectations 12-months ahead at time

t for individual i, πitP corresponds to consumers’ inflation perceptions in the last
12 months at time t for individual i, N and T are the number of cross sections and
time periods, respectively. In equation 2, µi is an individual specific effect, which
is assumed to be fixed. In equation 3, fixed effects are discarded, and a row vector
of exogenous explanatory variables related to social and demographic features of
dimension k denoted by Xit is added, with β representing a k by 1 vector of coefficients.

Given the potential link between inflation perceptions and 1-year ahead inflation
expectations, equation 2 is firstly estimated by means of a regression where the only
regressor are inflation perceptions. Table 4 shows the results of this specification in
regression A, confirming that 1-year ahead inflation expectations are positively and
significantly correlated with inflation perceptions at the individual level.

Regression B expands the previous regression by adding 1-year ahead inflation
expectations lagged by 1 period as a regressor. Inflation perceptions remain statistically
significant and the estimate for the parameter of lagged inflation expectations (ϑ) is
also statistically different from zero. Thus, this regression points to some persistence
in expectations regarding inflation 12-months ahead.

Equation 3 allows to test the role of consumers’ social and demographic features,
as described in Section 2. First, regression C1 expands regression B with the age
group of each consumer. Regression C2 includes information on the income level of
the respondent instead of its age, while regression C3 includes both age and income
variables. Overall, the results broadly support the view that older consumers and those
with lower incomes tend to expect higher inflation expectations. These estimations
confirm the divergence found in Section 2.2 between the CES and the BCS regarding the
role of age in inflation expectations. The relationship between income level and inflation
expectations in the CES can also be interpreted more clearly, pointing to the same inverse
relation between income and inflation expectations that was present in the BCS results.

Considering regression C3, we repeat this estimation for the individuals of each
country separately. The results are presented in Table 5. Overall, the main conclusions
reported for the euro area still apply for each individual country: (i) the estimates for the
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Regressions
A B C1 C2 C3

Constant term 0.74 *** 1.11 *** 0.93 ***
(0.03) (0.03) (0.04)

Inflation perceptions 0.42 *** 0.39 *** 0.37 *** 0.37 *** 0.37 ***
(0.00) (0.00) (0.00) (0.00) (0.00)

1m lagged inf. expectations 0.15 *** 0.23 *** 0.23 *** 0.23 ***
(0.00) (0.00) (0.00) (0.00)

Age (omitted: 18-34 Years-old)
35-49 Years old 0.19 *** 0.22 ***

(0.03) (0.03)
50-70 Years old 0.26 *** 0.29 ***

(0.04) (0.04)
Over 71 Years old 0.38 *** 0.40 ***

(0.06) (0.06)

Income quintiles (omitted: 1st)
2nd quintile -0.10 ** -0.10 **

(0.04) (0.04)
3rd quintile -0.16 *** -0.17 ***

(0.04) (0.04)
4th quintile -0.31 *** -0.33 ***

(0.04) (0.04)
5th quintile -0.40 *** -0.42 ***

(0.04) (0.04)

N 547850 446279 446279 446279 446279
Within R2 0.25 0.27 0.27 0.27 0.27
Overall R2 0.40 0.48 0.50 0.50 0.50

TABLE 4. Estimation results of equation 2 over the full dataset
Notes: This table records the estimates for specifications 2 and 3 from April 2020 to December 2023 for the
euro area. Robust standard errors in brackets. ∗, ∗∗ and ∗ ∗ ∗ denote significance at the 10%, 5% and 1%
levels, respectively.

parameter associated with inflation perceptions remain significant at conventional levels
in all cases; (ii) the estimates for the parameter ϑ are statistically significant at the 1%
level, supporting specifications that include some persistence in inflation expectations;
(iii) the impact of social and demographic features on the behaviour of 1-year inflation
expectations is also relevant at the country level, in particular in the case of the age
brackets, but can be less compelling in some countries.

4. 1-year ahead inflation expectations measures and real interest rate
gaps

As argued above, inflation expectations influence economic decisions, such as wage and
price setting, as well as investment, saving, and consumption choices. Thus, inflation
expectations play a key role in the monetary policy transmission mechanism. Economic
decisions hinge on the real interest rate, which is the nominal return adjusted for
expected inflation (see, e.g., Armantier et al. (2015) and Duca-Radu et al. (2021)). An
expected rise (fall) in inflation in future periods leads to a decline (rise) in the real interest
rate. However, there are challenges related to the computation of the real interest rate:
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EA BE DE ES FR IT NL

Constant 0.93 *** 0.61 *** 0.84 *** 1.24 *** 0.91 *** 0.92 *** 0.84 ***
(0.04) (0.11) (0.07) (0.10) (0.06) (0.11) (0.10)

Inflation perceptions 0.37 *** 0.36 *** 0.43 *** 0.34 *** 0.45 *** 0.36 *** 0.34 ***
(0.00) (0.01) (0.01) (0.01) (0.01) (0.01) (0.01)

1m lagged infl. expect. 0.23 *** 0.25 *** 0.19 *** 0.21 *** 0.18 *** 0.26 *** 0.24 ***
(0.00) (0.01) (0.01) (0.01) (0.01) (0.01) (0.01)

Age (omitted: 18-34 years)
35-49 years 0.22 *** 0.22 ** 0.08 0.28 *** 0.06 0.49 *** 0.19 **

(0.03) (0.09) (0.05) (0.09) (0.06) (0.10) (0.09)
50-70 years 0.29 *** 0.37 *** 0.14 ** 0.33 *** 0.15 ** 0.55 *** 0.26 ***

(0.04) (0.10) (0.06) (0.10) (0.06) (0.12) (0.09)
Over 71 years 0.40 *** 0.34 * 0.20 ** 0.75 *** 0.13 0.83 *** 0.38 ***

(0.06) (0.17) (0.09) (0.20) (0.09) (0.19) (0.15)

Inc. quint. (omitted: 1st)
2nd quintile -0.10 ** 0.13 0.03 -0.29 *** -0.24 *** -0.03 0.05

(0.04) (0.12) (0.07) (0.10) (0.07) (0.13) (0.12)
3rd quintile -0.17 *** -0.15 0.01 -0.39 *** -0.23 *** -0.01 -0.14

(0.04) (0.12) (0.07) (0.11) (0.07) (0.13) (0.11)
4th quintile -0.33 *** -0.20 * -0.13 * -0.30 *** -0.30 *** -0.76 *** -0.15

(0.04) (0.11) (0.07) (0.11) (0.07) (0.13) (0.11)
5th quintile -0.42 *** -0.27 ** -0.21 *** -0.70 *** -0.30 *** -0.65 *** -0.04

(0.04) (0.11) (0.07) (0.11) (0.07) (0.12) (0.11)

N 446279 34376 91011 93247 94113 99639 33893
Within R2 0.27 0.31 0.33 0.22 0.29 0.27 0.32
Overall R2 0.50 0.54 0.50 0.45 0.49 0.50 0.49

TABLE 5. Estimation results of regression C3 for each country
Notes: This table records the estimates for equation 3 from April 2020 to December 2023, by country. Robust
standard errors in brackets.∗, ∗∗ and ∗ ∗ ∗ denote significance at the 10%, 5% and 1% level, respectively. EA
– Euro area; BE – Belgium, DE – Germany, ES – Spain, FR – France, IT – Italy, NL – The Netherlands.

while the nominal interest rate choice usually focuses on the short-term horizon (e.g., the
policy rate or a short-term market rate), the selected measure of inflation expectations is
not straightforward. In fact, the availability of diverse measures of inflation expectations,
for example representing different agents’ perspectives, allows for the computation of
distinct real interest rates.

In general, the primary monetary policy instrument is the policy rate (see, e.g.,
ECB (2021)). By steering the level of (very) short-term interest rates, monetary policy
influences the level of other nominal interest rates and real interest rates. If the
observed real interest rate is above the equilibrium real interest rate, frequently called
the natural rate,13 then policy is said to be restrictive. Conversely, if it is below the
natural rate, i.e., there is a negative real interest rate gap, then policy is deemed
accommodative. However, employing the natural real interest rate as a benchmark

13. Various definitions of the natural interest rate are present in the literature. The foundational concept
was introduced by Wicksell (1898) and can be characterised as (i) the interest rate that ensures the
equilibrium in the savings/investment markets, (ii) the rate associated with the return on capital, and (iii)
the interest rate, which is neutral in respect to prices, as tends neither to raise or lower them. In general, the
natural interest rate tends to be interpreted as the real interest rate that would prevail under circumstances
considered as desirable from the standpoint of macroeconomic stabilisation.
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FIGURE 5: Euro area real interest rate gaps
Sources: ECB, EC, LSEG and authors’ calculations.
Notes: Real interest rate gaps – differential between real interest rates, (computed as the difference between
a nominal interest rate and inflation expectations) and the natural interest rate (median of estimates
reported in related box of Brand et al. (2024)). Nominal interest rate: €STR from Oct-19 onwards, backdated
using the EONIA rate.

for assessing monetary policy stance presents at least two major challenges: it is an
unobservable variable, and its level evolves over time. Inferences about the natural
interest rate are subject to high uncertainty, as its estimates and their interpretation are
model and data dependent. As there are alternative ways to estimate the natural interest
rate, this study considers a range of measures recently published by the ECB (Brand
et al. (2024)) and uses the median of those estimates. It is also worth highlighting that
some of the natural rate measures provided by the ECB are based on macroeconomic
models, which contain measures of inflation expectations that are not necessarily the
same as the ones considered here. This exercise acknowledges but does not tackle the
uncertainty surrounding the estimation of the natural rate. Instead, this study focuses
on the implications of considering different inflation expectations to the assessment of
the euro area monetary policy stance.

Several real interest rate gaps for the euro area are calculated as the difference
between different real interest rates and the natural rate. In practice, the differences
among these measures result solely from the different measures of inflation expectations:
those implied by the two consumer surveys (BCS and CES), financial market
instruments (inflation-linked swaps), and the ECB Survey of Professional Forecasters
(SPF).14 Each of these measures can be seen as the perceived stance of monetary policy
by each group of economic agents. Figure 5 displays the various alternative measures of
real interest rate gaps in the euro area.

The use of different inflation expectation measures yields somewhat different real
interest rate gaps. Since 2016, all available measures show that monetary policy stance

14. The SPF collects information on expected inflation rates, real GDP growth, and unemployment
levels across various time-frames within the euro area, presenting both point forecasts and probability
distributions to quantify risk and uncertainty, with publication occurring quarterly since 1999.
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was consistently expansionary, though as expected the degree varies. In the pandemic
crisis period, all measures show a drop, but this is considerably stronger in the BCS.
Since mid-2022, all measures show an increase in the real rate gap, that only in the case of
the BCS remains negative. Given the unobservable nature of consumers’ expectations, it
is unfeasible to determine which survey provides the best measure of consumer inflation
expectations. Therefore, the CES emerges as a valuable addition to the array of euro area
inflation expectation measures that policymakers should monitor.

5. Conclusion

Inflation expectations hold significant importance in so far as they influence the
decisions of economic agents. Accordingly, central banks routinely monitor inflation
expectation measures to gain valuable insights into the private sector’s perspectives
on the inflation outlook and to evaluate the credibility of monetary policy. In this
vein, central banks typically examine various measures of inflation expectations,
encompassing both market-based measures and survey-based measures provided by
professional analysts. However, the relevance of inflation expectations extends beyond
market participants and professional forecasters, including expectations of households
and firms.

This article examines inflation expectations among euro area consumers, with a
specific focus on the ECB’s CES. In particular, it compares key findings with those of
the EC’s BCS. The analyses confirm that consumers in the euro area tend to show an
upward bias relative to observed inflation, both in terms of inflation perceptions and
inflation expectations, thereby corroborating previous research.

The empirical exercises using CES microdata reveal a link between inflation
perceptions and observed inflation, and that 1-year inflation expectations are related
to past expectations, inflation perceptions and social and demographic characteristics
(such as age and income).

Finally, a comparison among various measures of 1-year ahead inflation expectations
is conducted. Recognising that monitoring inflation expectations for monetary policy
is crucial not only for anticipating inflation developments but also for assessing the
effectiveness of the central bank’s communication and ultimately the stance of monetary
policy, several measures of the real interest rate are computed. This exercise considers
a proxy for the (nominal) monetary policy rate at any given moment and different
inflation expectation measures. Although some expected similarities exist, the analysis
illustrates that the use of different measures of inflation expectations may lead to
different conclusions regarding the degree of accommodation or restrictiveness over
time. By comparison with the EC’s BCS, the CES measure of inflation expectations
aligns more closely with two established indicators of inflation expectations (those of
professional analysts and market expectations).

In short, this article finds that the CES adds value to the range of inflation expectation
measures in the euro area. Policymakers should continue to monitor it alongside other
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surveys, as it is difficult to determine which one best represents the “true” consumers’
inflation expectations in the euro area.
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Human Capital and Entrepreneurship

Attila Gyetvai, Nasir Hossein Dad, Nicholas Kozeniauskas and Eugene
Tan

Entrepreneurship is a key driver of business dynamism and economic growth and,
as such, is of key policy interest. Informed policy decisions require a thorough
understanding of the process of entrepreneurship, especially when it comes to
barriers that potential entrepreneurs face. One such barrier is the outside option of
entrepreneurship: what entrepreneurs could do and how much they could earn if they
returned to paid work. Entrepreneurs accumulate business-specific human capital while
foregoing human capital accumulation in paid work; therefore, there is reason to believe
that the outside option might evolve with entrepreneurship.

Entrepreneurs’ options in the labor market, as for any worker, evolve endogenously
according to tenure and to the type of activity developed. On the one hand,
entrepreneurs accumulate human capital specific to their business while simultaneously
foregoing human capital accumulation in paid work. Thus, their paid work-specific
human capital stagnates or even erodes while they run a business, which decreases
their outside option of returning. On the other hand, their relative disadvantage might
diminish if their entrepreneurial human capital can be transferred to paid work. These
two forces together determine the endogenous evolution of entrepreneurs’ outside
option.

We present empirical evidence suggesting that outside options decrease with
entrepreneurial experience. We reach these conclusions by comparing the wage
trajectories of entrepreneurs who return to paid work (who we term “return-
entrepreneurs”) with those who never started a business (who we term “never-
entrepreneurs”).

We find that return-entrepreneurs suffer large and persistent wage losses relative
to never-entrepreneurs upon returning to paid work. The immediate wage loss is 18
percent and stands at 5 percent in the long run. Longer entrepreneurial experience is
also associated with more persistent losses. Return-entrepreneurs with 5 and 10 years of
experience suffer a 3 and 6 percentage point larger wage loss, respectively, than those
with only one year of experience. Finally, we find that the losses are larger for more
educated people: Return-entrepreneurs without a high school diploma recover to the



46 Banco de Portugal Economic Studies April 2024

−25%

−20%

−15%

−10%

−5%

0%

1 2 3 4 5 6 7 8 9 10 11 12 13 14
Years since returning to paid work

W
ag

es
 r

el
at

iv
e 

to
 n

ev
er

−
en

tr
ep

re
ne

ur
s 

(%
)

Experience 1 year 5 years 10 years

FIGURE 1: Wage trajectories by entrepreneurial experience
Notes: Regression results from specification with occupation FEs. Increasingly darker lines represent
wage trajectories after returning to paid work from 1, 5, and 10 years of entrepreneurship, respectively.
Shaded regions represent 95 percent confidence bounds. Dashed line segments represent out-of-sample
predictions.
Source: QP–SCIE, authors’ calculations.

wage level of never-entrepreneurs within 10 years, whereas those with a high school
diploma or college degree do not recover within 14 years.

Overall our empirical results suggest that entrepreneurial human capital is specific to
business ventures and is not a substitute for human capital gained through experience
in paid work.
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Abstract
We investigate how entrepreneurial human capital shapes the outside option of entrepreneurs
when they return to paid work. Using data on Portuguese work histories, we find that
entrepreneurs suffer large and persistent wage losses upon returning to paid work: their wage
trajectory is 18 percent lower compared to never-entrepreneurs immediately after return and
remains 5 percent lower for 14 years. We also show that wage losses increase with entrepreneurial
experience, and that return-entrepreneurs with higher levels of education suffer larger and more
persistent wage losses. Our results imply that the outside option of entrepreneurs comoves with
business-specific entrepreneurial human capital. (JEL: E22, J24, J31, L26)

1. Introduction

Entrepreneurship is a key driver of business dynamism and economic growth and,
as such, is of key policy interest. Informed policy decisions require a thorough
understanding of the process of entrepreneurship, especially when it comes to

barriers that potential entrepreneurs face. One such barrier is the outside option of
entrepreneurship: what entrepreneurs could do and how much they could earn if they
returned to paid work. Entrepreneurs accumulate business-specific human capital while
foregoing human capital accumulation in paid work; therefore, there is reason to believe
that the outside option might evolve with entrepreneurship.

In this paper, we present empirical evidence suggesting that outside options
decrease with entrepreneurial experience. We reach these conclusions by comparing
the wage trajectories of entrepreneurs who return to paid work (who we term
“return-entrepreneurs”) with those who never started a business (who we term
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“never-entrepreneurs”). Our comparisons rely on return-entrepreneurs and never-
entrepreneurs being otherwise similar in terms of their demographic and employment
characteristics. We find that return-entrepreneurs suffer large and persistent wage
losses relative to never-entrepreneurs upon returning to paid work, and that longer
entrepreneurial experience is associated with more persistent losses. Furthermore, we
show that return-entrepreneurs with higher levels of education suffer larger and more
persistent wage losses. The wage losses of return-entrepreneurs with a high school
diploma or college degree worsen with entrepreneurial experience, while they do not
vary with experience for those without a high school diploma. Our empirical results
suggest that entrepreneurial human capital is specific to business ventures and is not a
substitute for human capital gained through experience in paid work.

Our analysis is motivated by the lack of prior evidence on the endogenous evolution
of entrepreneurial outside options. The extant literature typically assumes that outside
options are constant over the course of entrepreneurship, or evolve independently of
tenure in entrepreneurship (Hopenhayn 1992; Melitz 2003; Cagetti and De Nardi 2006;
Buera and Shin 2013). However, there is no reason—other than for simplicity and lack
of documented evidence—to assume that outside options do not evolve endogenously
with entrepreneurial experience. Theoretically, the effect of entrepreneurial experience
on outside options could go either way. On the one hand, entrepreneurs accumulate
human capital specific to their business while simultaneously foregoing human capital
accumulation in paid work. Thus, their paid work-specific human capital stagnates or
even erodes while they run a business, which decreases their return option. On the other
hand, their relative disadvantage might diminish if their entrepreneurial human capital
can be transferred to paid work. These two forces together determine the endogenous
evolution of entrepreneurs’ outside option.

We provide suggestive evidence on the endogenous evolution of entrepreneurial
outside option by estimating the impact of entrepreneurial human capital on labor
market outcomes upon returning to paid work. We compare the wage trajectories of
return-entrepreneurs to never-entrepreneurs who are otherwise similar. We start by
making these comparisons among workers of the same gender, age, and education
level in the same calendar year who are working in the same occupation. Next, we
compare workers in the same gender, age, education, calendar year, occupation, and
sector. Finally, we compare workers in the same gender, age, education, calendar year,
occupation, sector, and location. By notching up the tightness of our comparisons, we
examine the selection patterns of return-entrepreneurs across sectors and locations. Our
analysis exploits rich Portuguese microdata covering the universe of worker histories
linked to private firms and firm balance sheets in 2004–2020: these data allow us to
track individuals across entrepreneurship and paid work, all the while observing their
demographic and employment characteristics.

Taking our empirical approach to the Portuguese data, we find that return-
entrepreneurs suffer an 18 percent wage loss relative to their never-entrepreneur
counterparts immediately upon returning to paid work. The wage trajectory of return-
entrepreneurs remains 5 percent lower than for never-entrepreneurs for 14 years. These
results come from comparisons of return-entrepreneurs with never-entrepreneurs in
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the same occupation. Comparing return-entrepreneurs with never-entrepreneurs in the
same occupation and sector, the immediate wage loss is 15 percent and the long-
run wage loss is 3 percent: this lower difference in relative terms implies that return-
entrepreneurs select into sectors with lower than average wages, thereby recovering
faster to a lower baseline. We detect similar composition effects for the location of return-
entrepreneurs.

Going further, we show that the wage losses for return-entrepreneurs with longer
entrepreneurial experience are larger. Return-entrepreneurs with 1 year of experience
suffer a long-run wage loss of 5 percent while it is 3 percentage points larger for those
with 5 years of experience and 6 percentage points larger for those with 10 years of
experience. Return-entrepreneurs do not catch up to, nor surpass never-entrepreneurs
within a time frame that our empirical strategy could detect.

Finally, we repeat our analysis on subsamples by education to understand whether
these patterns are stronger for more educated return-entrepreneurs: they are more
important from an aggregate perspective as they tend to run larger businesses (Queiró
2022). We find that return-entrepreneurs without a high school diploma experience an
immediate wage loss of 13 percent which persists for 10 years, whereas those with a
high school diploma or college degree suffer an 18–22 percent immediate loss with
no recovery within 14 years. Furthermore, more highly educated return-entrepreneurs
are worse off when they have longer entrepreneurial experience while those without
a high school diploma share the same trajectory regardless of experience. Our results
suggest that the degree to which entrepreneurial human capital shapes the outside
option decreases with education.

Related literature: The existing literature has primarily focused on explicit barriers to
entrepreneurship such as financial frictions or market regulation. We contribute to an
emerging literature focusing on implicit barriers, specifically those posed by irreversible
investment and outside options.

The literature on investment irreversibility has argued that when initial investment to
businesses cannot be reverted, the entry threshold to entrepreneurship rises (e.g., Abel
and Eberly 1996). In direct relation to our work, Tan (2022) argues that entrepreneurial
risk is associated with lack of insurance and illiquidity arising from frictional asset
resale. He finds that physical investment irreversibility can account for the bulk of
entrepreneurial risk. In our context, human capital specificity is analogous to investment
irreversibility in that entry into entrepreneurship requires investing in business-
specific human capital that is (partially) nontransferable to paid work upon exit. The
contribution of our paper is an empirical assessment of the impact of human capital
specificity on labor market outcomes.

Our paper also contributes to a recent literature focusing on the option to return to
paid work as a determinant of entrepreneurial entry (Dillon and Stanton 2017; Catherine
2022). These papers treat the evolution of the outside option as exogenous, thereby
positing that the choice of starting a business does not introduce additional labor
income risk. In contrast, our empirical results suggest that human capital specificity
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is an important ingredient to dynamically evolving outside options and, thus, to
entrepreneurial risk.

More generally, our paper contributes to a wide literature on the human capital
aspects of entrepreneurship. Bhandari and McGrattan (2021) find that “sweat equity”—
human capital associated with running a business—is equivalent to about 120 percent
of US GDP. ? show that many businesses are sold as whole, signifying the importance
of intangible assets such as human capital. Linking entrepreneurial activity to human
capital, Queiró (2022) finds that more educated entrepreneurs start larger and faster-
growing firms while Kozeniauskas (2023) argues that the propensity of high-skill
workers to enter entrepreneurship has decreased in recent decades. We contribute to
this wide literature by documenting empirical patterns of entrepreneurial experience
shaping outside options.

2. Empirical approach

The ideal experiment to measure the evolution of entrepreneurs’ outside option would
be to compare the outcomes of two potential entrepreneurs. These two hypothesized
individuals—let us call them Ashley and Blake—are identical in all aspects, including
their current employment in paid work. Since they are ex ante identical, they both
have the same propensity to start identically productive business ventures. The thought
experiment then goes on to posit that Ashley starts their own business while Blake
stays in paid work. Blake’s subsequent work trajectory serves as a natural measure of
Ashley’s opportunity cost at any point; furthermore, if Ashley returns to paid work, we
can compare their trajectory from the point of return to Blake’s to quantify the wage
gains or losses of their entrepreneurial stint.

Unfortunately, comparisons in such ideal experiments are not available to us: we
cannot observe potential entrepreneurs. Instead, we compare the wage trajectories
of return-entrepreneurs (former entrepreneurs after returning to paid work) to the
trajectories of never-entrepreneurs (other workers who never started a business), and we
look at the gradient of wage differences by the length of entrepreneurial experience.
For example, if a return-entrepreneur of ten years suffers a larger wage loss than a
return-entrepreneur of only one year, this suggests that the outside option of returning
to paid work worsens over the course of entrepreneurship. We include a rich set of
controls to ensure that return-entrepreneurs are similar to never-entrepreneurs, making
our comparisons as tight as possible.

We formalize this argument in a regression framework with a number of fixed effects.
Assume we obtain panel data on return-entrepreneurs and never-entrepreneurs indexed
by i over time t. We observe workers’ wages wit, the duration that return-entrepreneurs
have spent in paid work durit, and their demographic and employment characteristics
captured by the grouping function g(i, t). Specifically, g(i, t) denotes worker i’s gender,
age, education, the calendar year at time t, as well as the occupation, sector, and location
they work in at time t, and φg(i,t) is the corresponding collection of fixed effects.
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Putting all the pieces together, we estimate the following regression specification:

logwit =
S∑

s=1

θs1(durit = s) + φg(i,t) + εit. (1)

Our parameters of interest are the sequence of θ’s which gives us the relative wage
trajectory of return-entrepreneurs, compared to never-entrepreneurs, over S years after
returning to paid work. The inclusion of the fixed effects φg(i,t) signifies that we make
these comparisons within narrowly defined groups. In practice, we will first estimate a
model with gender-by-age, education, occupation, and calendar year fixed effects, then
iteratively add sector and location fixed effects; the results will reveal composition effects
which have important implications for policymakers.

Next we look at the heterogeneity of these trajectories by the length of entrepreneurial
experience experi.1 We estimate the following regression:

logwit = β0experi +

S∑
s=1

(θs + βsexperi)1(durit = s) + φg(i,t) + εit. (2)

Now our parameters of interest are the θ’s and the β’s: these parameters describe the
relative wage trajectory of return-entrepreneurs for a given length of entrepreneurial
experience. Note that this specification is linear in experience. Our modeling choice is
driven by data limitations: since we only observe workers for 16 years, we can only
track return-entrepreneurs with long experience for a few years. The linear specification
allows us to make out-of-sample predictions about the relative wage trajectories for the
whole length of our sample, even for return-entrepreneurs with 15 years of experience.

3. Data

We implement our empirical approach on the Quadros de Pessoal (QP) dataset which
covers the universe of work histories at Portuguese private firms employing paid
workers. We can track a person’s work history across employers, accompanied by
detailed information on wages, occupations, job titles, and demographics like age,
gender, and education. We supplement these data with information on the sector and
location of firms from the Sistema de Contas Integradas das Empresas (SCIE) dataset.
Our final sample covers the time period of 2004–2020.

One key empirical question for our purposes is how we identify entrepreneurs in
the data. The QP–SCIE dataset does not allow us to observe them directly, which is
commonplace in large-scale administrative data (see also Félix, Karmakar, and Sedláček
2021). We follow Queiró (2022) and define entrepreneurs as top managers of newly
established firms. Top managers are identified as (i) directors according to their 4-digit
occupation and (ii) employers according to their professional status. Newly established

1. Note that experi varies across individuals but not time. Our sample includes return-entrepreneurs only
after returning to paid work, so their entrepreneurial experience is fixed.
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Return-entrepreneurs Never-entrepreneurs
Num. observations

Workers 47,611 5,556,832
Firms 48,194 661,262

Share of obs. by education
Less than high school 30.8 59.4
High school 24.7 24.1
College 44.5 16.5

Most frequent occupations [share]
1 Sales workers [8.8] Sales workers [7.7]
2 Office clerks [7.7] STEM occs. [6.7]
3 Service workers [7.1] Administrators [6.6]

Most frequent sectors [share]
1 Real estate [21.2] Wholesale [18.6]
2 Wholesale [20.2] Real estate [14.9]
3 Construction [10.2] Construction [9.5]

Statistics (means [25th | 50th | 75th perc.])
Male (percent) 59.7 53.4
Age (years) 41.3 [35 | 40 | 47] 40.1 [32 | 39 | 48]
Monthly wage (EUR) 997 [625 | 915 | 1,636] 763 [557 | 728 | 1,074]
Entrep. experience (years) 3.1 [1 | 2 | 4] –

Statistics by education (means [25th | 50th | 75th perc.])
Less than high school

Male (percent) 73.1 58.1
Age (years) 41.3 [33 | 41 | 49] 41.2 [33 | 42 | 51]
Monthly wage (EUR) 642 [500 | 623 | 839] 621 [504 | 638 | 825]
Entrep. experience (years) 2.7 [1 | 1 | 4] –

High school
Male (percent) 65.7 50.2
Age (years) 38.6 [31 | 38 | 45] 36.1 [28 | 35 | 43]
Monthly wage (EUR) 851 [574 | 768 | 1,275] 789 [597 | 766 | 1,104]
Entrep. experience (years) 2.7 [1 | 1 | 4] –

College
Male (percent) 55.9 44.6
Age (years) 39.2 [32 | 38 | 45] 37.1 [30 | 35 | 43]
Monthly wage (EUR) 1,483 [902 | 1,545 | 2,619] 1,326 [890 | 1,323 | 2,048]
Entrep. experience (years) 3.5 [1 | 3 | 4] –

TABLE 1. Summary statistics
Notes: Return-entrepreneurs are paid workers with an observed entrepreneurial history. Never-
entrepreneurs are paid workers who are not observed to have started a business in sample. Workers and
firms are anonymized. The firm count for return-entrepreneurs shows the number of firms that employ
at least one return-entrepreneur. Educational groups are based on 1-digit educational categories (less than
high school: did not finish 12th grade; high school: finished 12th grade but did not earn a bachelor’s degree;
college: earned a bachelor’s degree and may have acquired higher levels of education). Occupations
and sectors are measured on the 2-digit level. All statistics for return-entrepreneurs are measured after
returning to paid work.
Source: QP–SCIE, authors’ calculations.

firms are firms whose (anonymized) identifier appears first in the sample after the first
observed calendar year.

The resulting sample covers 5.6 million workers across 709 thousand firms (Table
1). 0.8 percent of these workers are return-entrepreneurs, employed at firms making up
6.8 percent of the firm distribution. Return-entrepreneurs are most commonly working
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FIGURE 1: Wage trajectories after returning to paid work
Notes: Solid line represents results from specification with occupation FEs. Dash-dotted line represents
results from specification with occupation and sector FEs. Dotted line represents results from specification
with occupation, sector, and location FEs. Shaded region represents 95 percent confidence bounds around
the specification with occupation FEs.
Source: QP–SCIE, authors’ calculations.

in sales, office clerk and service occupations while never-entrepreneurs are most likely
in sales, STEM, or administrative occupations. Both return-entrepreneurs and never-
entrepreneurs are most likely to work in the real estate, wholesale, or construction sector.
Return-entrepreneurs are, on average, 6.3 percentage points more likely to be male than
never-entrepreneurs, 1.2 years older, 28 percentage points more likely to have graduated
from college, and earn 30.5 percent higher wages. Recall, however, that this latter
difference is not the relevant comparison: we need to compare return-entrepreneurs
with similar never-entrepreneurs. Indeed, the wage differences are smaller (4–12 percent)
within education groups, so the aggregate wage difference is due to composition effects
across education. We make even narrower comparisons in our empirical approach.

4. Results

We now present the results of taking our empirical approach to the data. We first
show the estimated relative wage trajectory of return-entrepreneurs compared to never-
entrepreneurs. Figure 1 displays the estimated θ coefficients from three alternative
versions of Equation 1: one with only occupation fixed effects, one with occupation and
sector fixed effects, and one with occupation–sector–location fixed effects.
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FIGURE 2: Wage trajectories by entrepreneurial experience
Notes: Regression results from specification with occupation FEs. Increasingly darker lines represent
wage trajectories after returning to paid work from 1, 5, and 10 years of entrepreneurship, respectively.
Shaded regions represent 95 percent confidence bounds. Dashed line segments represent out-of-sample
predictions.
Source: QP–SCIE, authors’ calculations.

According to our main estimate in Figure 1, return-entrepreneurs—compared to
never-entrepreneurs of the same gender, age, education, in the same calendar year, and
working in the same occupation—suffer an 18 percent wage loss immediately upon
returning to paid work. The wage loss decreases in subsequent years but the trajectory
remains flat at a 5 percent loss. The average wage loss is 10.4 percent as shown in Table
A.1. Furthermore, the net present value of the wage trajectory is −8.3 percent.2

Next, we focus our comparisons on narrower groups. The dash-dotted line in
Figure 1 shows the wage trajectory of return-entrepreneurs relative to same-gender-
age-education never-entrepreneurs in the same occupation and sector. The immediate
wage loss is somewhat smaller but still sizeable at 15 percent, and the long-run wage
loss shrinks to 3 percent from 5. The differences between the two estimates are due to
composition effects: return-entrepreneurs select into sectors with relatively low wages.
Therefore, their wage loss appears to vanish faster when we compare them to the lower
baseline of never-entrepreneurs. The same logic applies when we add location to the
mix: return-entrepreneurs select into locations with lower than average wages.

Now we know that return-entrepreneurs suffer a wage loss upon returning to paid
work, but how does the very act of running a business impact their wages? Figure

2. For this back-of-the-envelope net present value calculation, we set the discount rate to 0.98 and real
wage growth to its observed value of 0.05 percent over our sample period 2004–2020.
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FIGURE 3: Wage trajectories by education
Notes: Regression results from specification with occupation FEs. Blue, green, and yellow lines represent
wage trajectories for return-entrepreneurs with less than high school education, high school diploma, and
college degree, respectively. Shaded regions represent 95 percent confidence bounds. Dashed line segments
represent out-of-sample predictions.
Source: QP–SCIE, authors’ calculations.

2 answers this question by displaying the predicted values from three estimates of
Equation 2: estimates with 1, 5, and 10 years of entrepreneurial experience.3 The results
are stark: return-entrepreneurs with longer experience fare worse than those with
shorter entrepreneurial stints. The wage loss of return-entrepreneurs with 5 years of
experience is 3 percentage points larger than those with only 1 year of experience,
and the gap grows to 6 percentage points for those with 10 vs. 1 years of experience.4

These results suggest that time spent in entrepreneurship (i.e., time out of paid work)
diminishes the human capital of return-entrepreneurs.

We now turn to discussing how our results differ across return-entrepreneurs by their
level of education. We replicate the above analysis separately for three groups of return-
entrepreneurs: those without a high school diploma, high school graduates, and college
graduates.

3. We only show results from the specification with occupation fixed effects in the main text. The
results from the other two specifications are shown in Appendix Figures A.1 and A.2: those estimates
are qualitatively similar to the ones presented in the main text.

4. Some of our long-run estimates are out-of-sample predictions since we only observe return-
entrepreneurs with 5 (10) years of experience for 10 (6) years. We denote these out-of-sample predictions
with dashed lines on our graphs.
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(B) High school
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FIGURE 4: Wage trajectories by education and entrepreneurial experience
Notes: Regression results from specifications with occupation FEs. Increasingly darker lines represent wage
trajectories after returning to paid work from 1, 5, and 10 years of entrepreneurship, respectively, within
each panel by education. Shaded regions represent 95 percent confidence bounds. Dashed line segments
represent out-of-sample predictions.
Source: QP–SCIE, authors’ calculations.

Figure 3 displays the wage trajectories of return-entrepreneurs relative to never-
entrepreneurs by education. Return-entrepreneurs with higher levels of education suffer
larger and more persistent wage losses. Those without a high school diploma experience
a 13 percent wage loss immediately after returning to paid work, and catch up to similar
never-entrepreneurs within 10 years. At the same time, those with a high school diploma
start from 18 percent lower wages (21 percent if they have a college degree), and do not
catch up to their never-entrepreneur counterparts within our sample. These results are
in line with entrepreneurship-specific human capital that is imperfectly transferable to
paid work. If higher-educated entrepreneurs run businesses with more specific human
capital and cannot transfer it to paid work, their wages would presumably be lower
upon return. At the same time, if return-entrepreneurs with lower levels of education
start businesses with less specific human capital, their wage loss would be less severe.
These patters exactly coincide with our results.

As a final step, we take a look at the heterogeneity of our education-specific results by
entrepreneurial experience in Figure 4. Return-entrepreneurs with less than high school
education do not suffer differential losses by entrepreneurial experience. However, the
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losses of those with high school or college education are increasing with experience.
These patterns further suggest that human capital specificity plays an important role
in shaping outcomes after returning to paid work. More educated entrepreneurs who
presumably start businesses with more specific human capital suffer larger losses when
they ran their business longer; at the same time, entrepreneurial experience does not
shift the wage trajectories of less educated return-entrepreneurs.

5. Conclusion

Potential entrepreneurs face many explicit barriers to starting a business. It is costly
to set one up, entrepreneurs often need to take on debt to finance their endeavours,
and there is uncertainty about how well a business will perform. When businesses
close, entrepreneurs often return to paid work. However, accumulating business-
specific human capital may affect this outside option, thus posing an implicit barrier
to entrepreneurship.

By comparing wage outcomes for entrepreneurs with similar individuals who never
started businesses, we show that entrepreneurs initially suffer wage losses when
returning to paid work. These wage losses gradually diminish, but it takes years for
former entrepreneurs to catch up. Furthermore, both wage losses and recovery to
baseline are increasing in entrepreneurial tenure. These effects are also stronger for more
educated return-entrepreneurs. Our results suggest that the depreciation of the outside
option is an additional barrier to becoming an entrepreneur. Policies that help potential
entrepreneurs overcome this barrier, thus insuring against entrepreneurial risk, may
improve the allocation of resources, enhance the entrepreneurial environment through
business dynamism, and ultimately promote economic growth. Simulating the impact
of such policies is an important avenue for future research.
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Appendix: Additional results

Dep. var.: log wage (1) (2) (3) (4) (5) (6)
1(return-entrep.) −0.1036∗∗∗ −0.0728∗∗∗ −0.0768∗∗∗ −0.0471∗∗∗ −0.0717∗∗∗ −0.0443∗∗∗

(0.0083) (0.0091) (0.0058) (0.0073) (0.0056) (0.0071)
Entrep. experience −0.0101∗∗∗ −0.0097∗∗∗ −0.0089∗∗∗

(0.0021) (0.0019) (0.0019)
Observations 41,793,126 41,793,126 41,793,126 41,793,126 41,793,126 41,793,126
Gender×age FE ✓ ✓ ✓ ✓ ✓ ✓
Education FE ✓ ✓ ✓ ✓ ✓ ✓
Calendar year FE ✓ ✓ ✓ ✓ ✓ ✓
Occupation FE ✓ ✓ ✓ ✓ ✓ ✓
Sector FE ✓ ✓ ✓ ✓
Location FE ✓ ✓
R2 0.3497 0.3497 0.3912 0.3912 0.3979 0.3979

TABLE A.1. Lifetime wage loss after returning to paid work
Notes: Standard errors, clustered at the firm level, in parentheses. ∗∗∗ p<0.001, ∗∗ p<0.01, ∗ p<0.05. Sample
includes entrepreneurs after returning to paid work as well as never-entrepreneurs. Outcome variable is
log wages. Each year of age has its own fixed effect parsed by gender. Education is measured as 1-digit
educational categories. Occupations and sectors are measured on the 2-digit level. Locations are NUTS II
statistical regions.
Source: QP–SCIE, authors’ calculations.

Table A.1 shows our results on the lifetime wage loss after returning to paid work.
The sample includes return-entrepreneurs after their return to paid work as well as
never-entrepreneurs. Column (1) shows that the wage loss of return-entrepreneurs is
10.4 percent on average, compared to never-entrepreneurs in the same gender, age,
education, and occupation group in the same calendar year. Looking at the dynamics
of wage losses, column (2) shows that the baseline wage loss is 7.3 percent and each year
of entrepreneurial experience goes along with a further 1 percentage point decrease.

Columns (3)–(4) and (5)–(6) repeat this analysis with the addition of sector and
location fixed effects. The results with sector fixed effects in columns (3)–(4) indicate
that return-entrepreneurs suffer a 7.7 percent lifetime wage loss on average, with each
year of entrepreneurial experience adding 1 percentage point. These estimates imply
that return-entrepreneurs return to lower-paying sectors; that is, their wage loss is lower
because we compare them to a lower baseline. The same logic applies to the inclusion
of location fixed effects in columns (5)–(6). All results are statistically significant and
economically sizable.
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FIGURE A.1: Wage loss by entrepreneurial experience with sector fixed effects
Notes: Regression results from specification with occupation and sector FEs. Increasingly darker lines
represent wage trajectories after returning to paid work from 1, 5, and 10 years of entrepreneurship,
respectively. Shaded regions represent 95 percent confidence bounds. Dashed line segments represent out-
of-sample predictions.
Source: QP–SCIE, authors’ calculations.
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FIGURE A.2: Wage loss by entrepreneurial experience with sector and location FEs
Notes: Regression results from specification with occupation, sector, and location FEs. Increasingly darker
lines represent wage trajectories after returning to paid work from 1, 5, and 10 years of entrepreneurship,
respectively. Shaded regions represent 95 percent confidence bounds. Dashed line segments represent out-
of-sample predictions.
Source: QP–SCIE, authors’ calculations.

Figures A.1 and A.2 replicate the results shown in Figure 2 with the inclusion
of more fixed effects, resulting in narrower comparisons. The three sets of results
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are qualitatively similar: longer entrepreneurial experience goes along with more
persistent wage losses. When comparing return-entrepreneurs to never-entrepreneurs
in narrower groups (same sector and location, not just same occupation), the losses are
less persistent. These results, similar to those presented in Figure 1, imply that return-
entrepreneurs select into low-paying sectors and locations upon returning to paid work.
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