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ABSTRACT

This study aims to identify the economic sectors in Portugal in which the Chief Ex-
ecutive Officer (CEO) salary affects firm productivity. The analysis focuses primarily on
estimation using a matched employer-employee dataset within a high-dimensional set-
ting, encompassing various Portuguese economic sectors. To address the issue of overfit-
ting common in these scenarios, the framework draws on machine learning and variable
selection research to apply data-driven methods for choosing economic sectors. Specif-
ically, we utilize Least Absolute Shrinkage and Selection Operator (LASSO) techniques
to select relevant economic sectors in which CEO salary has an impact on firm produc-
tivity. The persistently selected economic sectors are real estate promotion, specialized
construction, telecommunications, accommodation and food services, which reveals the
prevalent business paradigm in Portugal. Among the selected 45 economic sectors, we
highlight two sectors that exhibit a positive relationship between CEO salary and firm
productivity: telecommunications sector and residential care within the non-profit sector.

KEYWORDS: productivity; CEO salary; economic sectors; machine learning; LASSO.
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RESUMO

Este estudo pretende identificar os setores económicos em Portugal, nos quais o salário
dos CEOs afecta a productividade da empresa. A análise foca-se principalmente na esti-
mação utilizando os Quadros de Pessoal (QP) num contexto de multi-dimensionalidade,
assim como considerando vários setores económicos portugueses. De modo a corrigir
o problema de sobreajuste comum nestes cenários, a metodologia baseia-se em machine

learning e seleção de variáveis para aplicar metódos orientados por dados para escolher
os setores económicos. Especificamente, utilizamos os métodos LASSO para selecionar
os setores económicos relevantes nos quais o salário do CEO afeta a produtividade da em-
presa. Os setores económicos persistentemente selecionados são a promoção imobiliária,
a construção especializada, as telecomunicações, o alojamento e a restauração, revelando
o paradigma empresarial prevalecente em Portugal. Entre os 45 setores económicos se-
lecionados, destacamos dois sectores que exibem uma relação positiva entre o salário do
CEO e a produtividade da empresa: o sector das telecomunicações e o sector de apoio
social com alojamento.

PALAVRAS-CHAVE: produtividade; salário de CEO; setores económicos; machine
learning; LASSO.

CÓDIGOS JEL: C52; C53; C55; J24; M12.
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1 INTRODUCTION

It is widely acknowledged that Chief Executive Officer (CEO) salaries contribute to
firm productivity; however, how they influence productivity across economic sectors has
received less attention in the literature. The purpose of this research is to identify the eco-
nomic sectors in which the CEO salary affects the firm productivity. The results address a
significant gap in the literature by providing a micro-level perspective on the relationship
between these. This study uncovers that CEO salary has an impact on firm productivity in
the food and garment industries, real estate promotion, construction and related services,
telecommunications, accommodation and restaurant services, as well as consulting, fi-
nancial and legal services. The sectors of education, health, non-profit support activities
and associative organizations also exhibit a relationship between CEO salary and firm
productivity.

Firm productivity is a major instrument to strength the firm stability and long-term
financial performance, incrementing firm value. In parallel, CEO salary serves as a key
mechanism to motivate executives to make strategic choices that align with firm objectives
and influence firm’s exposure to external factors that may affect outcomes. Empirical
theory supports the evidence that CEO salary does impact the firm productivity, with firm
size being a prominent factor in this relationship (Gabaix & Landier 2008). Still, prior
studies have predominantly examined this relationship at the aggregate economy level,
neglecting the sector-specific dynamics.

Moreover, Gopalan et al. (2010) state that the optimal wage contract is influenced
by sector movements, highlighting a positive relationship between CEO salary and firm
performance within operating sectors. This positive relationship is often attributed to the
motivational effect of high salaries, which encourages CEOs to outperform by effectively
regulating market exposure through firm strategy. Such dynamics may explain the rise
in CEO salary over the last decades, driven by the scarcity of qualified CEOs and the in-
creasing demand for general managerial skills rather than firm-specific expertise (Gopalan
et al. 2010). Larger firms, with greater financial capacity, are better positioned to attract
the scarce CEO talent, which leads to the increment of firm productivity and firm growth.
This conclusion uncovers the importance of firm size to the relationship between CEO
salary and firm productivity.

However, the identification of specific economic sectors in which this relationship
is significant has not been sufficiently studied in the literature. This research provides
empirical evidence for the Portuguese market, which is further under-researched. Im-
portantly, the methodological framework used here can be extended to other markets for

1



JOANA L. GROMICHO CEO SALARY AND FIRM PRODUCTIVITY

future contributions to the literature.

The persistence of substantial productivity differences between sectors, which are not
attributed to production factors, is extensively documented in the literature (e.g., Fukui
et al. 2023). However, the determination of the impact of the CEO salaries on firm pro-
ductivity in certain economic sectors faces difficulties due to the large number of sectors,
creating overfitting, and reducing estimation efficiency. A traditional linear regression
model generally struggles to deal with such amount of variables. This paper leverages
recent advances in machine learning and variable selection literature to apply data-driven
methods identifying the most important economic sectors and measure the respective im-
pact of the CEOs’ salary on firm productivity. The method applied offers substantial
improvements in the determination of the most relevant economic sectors by reducing
the enormous number of potential explanatory variables and overcoming the problem of
overfitting.

We start by considering the group-Least Absolute Shrinkage and Selection Operator
(LASSO) approach by Yuan & Lin (2006). We further complement this analysis with
the LASSO method for variable selection (see Tibshirani 1996). Specifically, we apply
LASSO to the linear model and demonstrate how to select its turning parameter using
cross-validation. Firstly, the predictors were selected by groups, and then within those,
we selected the more persistent individual sectors. We apply our LASSO estimators to an
unique and rich matched employer-employee dataset made available by the Portuguese
Ministry of Employment and Solidarity. Notably, the dataset offers detailed information
at both the firm and employee levels.

This thesis makes a primary contribution to the expanding literature on CEO salary,
and further adds to research on its effects on firm productivity. By employing these meth-
ods, we are able to identify the economic sectors. This contribution allows to use the
CEO salaries as instruments to manage firm productivity in the selected economic sectors.
Technically, this thesis conjugates the group LASSO with grouped variables and, within
the chosen groups, the baseline method with disaggregated sectors. To our knowledge,
this methodology has not been used in the literature and allows an improved adjustment
of the results. The estimation strategy consisting on the consecutive application of the two
machine learning methods - LASSO and group LASSO - to refine the results constitutes
an additional contribution. Finally, the method is versatile, which means that it can be
used in multiple datasets, both national and international, and improve different topics of
research.

The remainder of this thesis is organized as follows. Section 2 reviews the relevant
literature on CEO salaries, explores the causes driving its significant increase, as well as

2
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its relation with firm productivity. Section 3 presents the employer-employee matched
dataset at firm and employee level and the descriptive analysis. Section 4 introduces the
model and explains the implementation of linear-LASSO estimation. Section 5 applies the
methods described above to our employer-employee database and presents the variable
selection and estimation results. Section 6 concludes the thesis, and technical details are
provided in the Appendix.

2 LITERATURE REVIEW

The literature widely documents persistent productivity disparities across countries
(Dai et al. 2025) and within specific industries (Fukui et al. 2023, Kaplan & Pérez-
Cavazos 2021, Demiraj et al. 2024), which remain unexplained by variations in traditional
production factors. A potential explanation for these productivity differentials may be the
disparities in managerial ability. Managers play a critical role in overseeing production,
public services, and project execution across for-profit, non-profit and public firms. Con-
sequently, a thorough understanding of top management - particularly CEOs - is essential
for examining the fundamental sources of productivity disparities within the economy.
Additionally, firms allocate significant time and resources in recruiting and developing
their managerial personnel. Notably, a significant portion of the observed increase in
wage inequality over the past two to three decades is frequently attributed to the incre-
menting share of CEO salary to that of the broader workforce. Hence, it is crucial to
verify if CEO salary can be used as an instrument to increment firm productivity.

A key insight from compensation theory is that incentive remuneration should be cal-
culated accordingly on factors that the CEO can directly influence, rather than those out-
side their control. Therefore, when a CEO cannot affect the performance of the sector
of the firm, the ideal incentive scheme should reward the firm’s results relative to the
performance of the sector, known as Relative Performance Evaluation (RPE). Still, when
extensively tested, empirical studies generally find limited support for RPE among typical
CEO (e.g. Garvey & Milbourn 2003). Instead, CEO salary and the performance of the
firm’s operating sector exhibit evidence of a strong positive relationship between them.
The CEO has some influence over the exposure of the firm to the market forces, beyond
the CEO’s direct control, through the choice of the strategy of the firm. Gopalan et al.
(2010) proves that the optimal wage contract is influenced by the sector movements and
those will vary cross-sectionally. Although, the increase in CEO salary may not primarily
reflect inefficient rent extraction, but rather the absence of RPE and the enduring posi-
tive correlation between CEO salary and sector performance. The relationship between
CEO salary and firm productivity is equivalent, which means that an increment in CEO
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salary will improve the firm strategy and its results and, given the boost in productivity,
translated in firm outcome, the CEO salary may increase, especially if it has performance-
based incentives in its structure.

Empirical evidence of the relationship between CEO salary and firm productivity
across economic sectors remains very scarce. Generally, the literature studies the impact
of CEO salary on firm productivity as a generalized phenomenon within the broader econ-
omy, dismissing the sector-specific details of this relationship. Although, if we deepen our
analysis, researchers studied several sectors within particular countries, proving that CEO
salary affects firm productivity, with firm size being a major factor (e.g. Bhuyan et al.
2020). Sectoral analysis corroborates the conclusions obtained from aggregate economic
studies. However, the effects of CEO salary on firm productivity may be more predom-
inant in certain sectors. For instance, Gopalan et al. (2010) proves that the impact of
CEO salary on productivity is stronger in multi-segment firms, as well as in firms where
the CEO has more flexibility to modify firm’s strategy through its exposure to external
factors.

Hence, it is necessary to uncover the sectoral effect of CEO salary on productivity.
The structure of CEO salary varies across sectors due to market dynamics, regulatory
environments and competitive pressures, which influence how salary translate into firm
performance. This observed relationship offers suitable incentives for the CEO to shape
the firm’s strategy by effectively managing its production and project execution, influ-
encing firm productivity. Moreover, the existence of a relationship between CEO salary
and firm performance serves as an encouragement to their CEOs to adopt strategies that
improve sector-specific opportunities and minimize risks that arise from the economic
paradigm. Aside from short-term improvements, this association ensures a sustainable
competitive position within the firm’s sector.

Below we will discuss the reasons executive compensation increased significantly in
the last decades. Scholars have proposed economic explanations to help understand this
rise in salary. The literature argues that the expected firm performance depends directly on
the CEO’s qualifications and the market forces beyond their control. The optimal contract
is designed to motivate the CEO to exert effort at maximizing firm value. One explanation
for the rise in CEO salary points to the broad adoption of performance-based incentive
packages since the late 1980s. Such contracts reward the CEO based on firm performance
affected by sector trends. Instead, it should encourage the CEO to anticipate sector trends
and strategically decide the firm’s optimal exposure to them. Both academics and share-
holder activists advocated for stronger, market-oriented managerial incentives throughout
the 1990s, with the expectation that this would align the interests of CEOs and sharehold-
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ers (e.g. Jensen & Murphy 1990). Bulan et al. (2010) contend that option-based contracts
effectively align CEO incentives with shareholders interests, provided there is a strong
positive relationship between productivity and firm value. Nonetheless, shareholders are
not primarily concerned about the CEO interests, but rather whether the CEO possesses
the foresight to select the optimal strategy for utilizing the firm’s assets. Shareholders are
profit-driven, while CEOs may be also concerned with the social and environmental ef-
fects of the firm. Given this, the CEO is therefore focused on guiding the firm’s strategic
direction given the market conditions in which it finds itself. According to Dow & Raposo
(2005), an increment in the business environment volatility has made it optimal for firms
to offer higher performance incentives. Consistently, Cuñat & Guadalupe (2009) demon-
strate a causal link between heightened market competition and the increased sensitivity
of United States of America (USA) CEO salary to firm performance.

An increment in productivity induces an increase in firm value, which encourages
CEOs, even risk-averse ones, to pursue projects that allow the former. However, increas-
ing performance incentives in the presence of risk-aversion or limited liability requires
higher overall compensation to motivate CEOs’ participation. Although, Gopalan et al.
(2010) demonstrate that the optimal contract for a risk-averse CEO provides greater re-
wards during periods of strong sector performance than punishments during downturns,
indicating an asymmetric sensitivity to sector conditions. Holmstrom & Kaplan (2001)
associate the growth in overall compensation levels with the increasing use of stock-based
compensation, which may be included in CEOs’ salary. Nevertheless, the relationship be-
tween the level and the sensitivity of compensation has not been fully explored. It is
unclear why, instead of the substantial increment of the CEOs salaries, it was not imple-
mented the exchange of salaries for securities, maintaining the overall salary constant.
Similarly, the substantial existing wealth held by CEOs likely reduces their risk aversion,
meaning that only modest increases in overall compensation are needed for them to accept
a greater emphasis on performance-based pay.

Taking into consideration the wave of corporate scandals and the notoriety of the
shortcomings in the USA corporate governance framework, the theory that CEOs extract
more money from firms through the increment of compensation gained more attention
(Bertrand & Mullainathan 2001, Bebchuk & Fried 2003, 2004). Advocates of the skim-
ming perspective demonstrate the causal relationship between the rise of CEO salary with
exclusively managerial entrenchment. This could consist in adjusting the costs of stock
options or camouflaging excessive pay as performance-based rewards, and thus with-
out encountering shareholder resistance (Bebchuk et al. 2002). Bertrand & Mullainathan
(2001) even explain that the CEOs’ salary contracts are based in "pay for luck" rather than
"pay for performance", exhibiting the lack of RPE for the average CEO.
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A more moderate version of the skimming perspective, as proposed by Hall & Murphy
(2003), argues that the surge in stock-option compensation can be attributed to boards’
limited ability to accurately assess its true cost. Most certainly these factors influence
compensation, but their relevance is unclear for the majority of firms. For example, Rajan
& Wulf (2006) dispute the notion that perks represent mere managerial excess, demon-
strating that firms tend to provide substantial perks when they are expected to boost pro-
ductivity. Furthermore, Gabaix & Landier (2008) proposes a purely competitive bench-
mark accounts for the increase in USA CEO salary without attributing it to changes in
rent extraction, viewing this rise instead as an equilibrium outcome of significant growth
in firm size.

The third explanation links the rise in CEO salary to the transformation in the na-
ture of the CEO position. Garicano & Rossi-Hansberg (2006) propose a model in which
advancements in communication technology have transformed the nature of the CEO’s
responsibilities, which in turn affects their compensation. Hermalin (2005) contends that
the increase in CEO salary is indicative of a tighter corporate governance. In order to re-
munerate the increase in the probability of termination, CEO salary must be higher. Fry-
dman (2019) and Murphy & Zábojník (2004) present evidence indicating that CEO roles
have progressively shifted focus towards general skills rather than firm-specific expertise,
consequently incrementing their job opportunities and contributing to salary increases.
This phenomenon may be due to the explicit relationship between CEO ability and man-
aging the firm’s place in the broad market. Despite this, the explanation faces challenges
when evaluated quantitatively. Moreover, given the increase in the number of Master of
Business Administration (MBA)s among executives and the widespread availability of
executive education, it is unlikely that a shortage of general skills significantly accounts
for the rise in CEO salary. However, elevated compensation levels may stem from firms
competing for limited managerial talent (Artige & Bignandi 2023, Green et al. 2021, Ter-
vio 2008), especially since Gopalan et al. (2010) proved that more talented CEOs have a
greater pay for sector performance. This results in increased salaries within bigger firms,
which implies that salary must rise accordingly to the average firm size within the market
(Gabaix & Landier 2008). The expansion of firm size is due to the result of competitive
market forces.

This analysis of the underlying factors driving the increase in salary highlights the
corresponding relationship between CEO salary and firm productivity. Nonetheless, the
primary focus of this study is on the effects of CEO salary on firm productivity, allowing
salary to be employed as a strategic tool to enhance performance. An increase in CEO
salary can serve to attract and retain highly qualified executives who possess the strategic
vision necessary for the specific economic sector in which the firm operates. Moreover,

6



JOANA L. GROMICHO CEO SALARY AND FIRM PRODUCTIVITY

higher salary may incentivize CEOs to undertake riskier decisions that, if successful, can
lead to productivity gains. However, due to the structure of CEO salary - especially when
it includes performance-based incentives - firm productivity may also influence salary,
reinforcing a bidirectional relationship between the two.

3 DATA & SAMPLE SELECTION

This section outlines the variables and sample used in the analysis, and further presents
relevant summary statistics. Our analysis is based on a rich matched employer-employee
dataset from Portugal that allows us to identify in which economic sectors the CEO salary
impacts firm productivity, while controlling the characteristics of the firm.

Quadros de Pessoal (QP) is a yearly survey of the private sector firms carried out by
the Portuguese Ministry of Employment and Solidarity, making the data highly reliable. It
is compulsory by Portuguese law for firms to make this information available, providing
information relative to firms with at least one paid employee, referring to the survey week
conducted in October. The nature of QP is longitudinal, with anonymous identifiers for
each firm, presenting information at firm and employee level. Being the firm our sample
unit, we have data about the industry, location, founding date, gross revenue generated in
the prior calendar year and number of establishments and workers. We considered only
Portuguese firms, which have more than one employee. Our working sample will have
291,509 firm-year observations. The sample excludes government employees and self-
employed individuals. In order to construct the CEO variable, we need the employer’s
monthly salary (normal and extra), salary bonuses and allowances (regular and irregular),
hours of work (normal and overtime) and professional category. Starting from the uni-
verse of observations in QP, we considered CEOs in full time, salaried workers, with full
salary remuneration. We use QP data for the years 2022 and 2023, which are the latest
years available (at the time of writing), demonstrating a stable and more regular activity of
the firms after the Covid-19 pandemic. Our outcome of interest is firm productivity, using
the gross value-added per worker of the firm as a proxy. This measure of productivity
represents the value of goods produced or services provided in a firm divided by its num-
ber of workers, delivering a straightforward measure of labor productivity and allowing
the identification of the sectors in which firms are more productive (Mensah et al. 2022,
Lanau & Topalova 2016). The gross value-added per worker data are frequently available
at firm, sector, regional, and national level, conceding comparisons at different levels.

The objective of this paper is to determine in which economic sectors the CEO salary
impacts firm productivity. However, does not exist a unique definition of CEO in the
scientific context. Hence, we need to identify each firm’s CEO using a classification

7



JOANA L. GROMICHO CEO SALARY AND FIRM PRODUCTIVITY

process that applies different criteria at each stage.1

Firstly, given the variable job title in QP data set, we considered the practical definition
postulated by the current International Standard Classification of Occupations (ISCO).2

The selected ISCO-08 code was 1120, which characterizes CEOs as the ones who

formulate and review the policies and plan, direct, coordinate and evaluate the over-

all activities of enterprises or organizations (except special-interest organizations and

government departments) with the support of other managers, usually within guide-

lines established by a board of directors or a governing body to whom they are an-

swerable for the operations undertaken and results.

In: International Labour Organization.

In cases of a tie, we select the CEO with the highest salary among the candidates.3

Once all possibilities based on job title have been exhausted, we assign the CEO label to
the employee with the highest hierarchical level according to the qualification variable to
identify the remaining firm pairs.4 If a tie still occurs, we again choose the highest-paid
individual among those with the top qualification level. Lastly, for any remaining firm
without an identified CEO, we choose the highest-paid employee as CEO. This final step
results in no unresolved ties and all firms have an identified CEO.

We construct the CEOs salary by applying the logarithm to each salary, including nor-
mal and extra income, and regular earnings supplements. Normal income refers to the
fixed portion of a CEO’s salary, which is reviewed yearly. Usually, it is determined rela-
tive to sector standards and shows a strong correlation with firm size, specifically in firms
with solid equity performance. Extra income represents a portion of the regular salary
and is frequently linked to the firm’s short-term performance. Given this, CEO’s cash
compensation may exhibit a correlation with firm productivity. Additionally, the salary
levels are closely associated with firm performance in a competitive labour market for
CEOs (Leone et al. 2006). Conversely, cash compensation is believed to be linked to risk.
Coles et al. (2006) and Berger et al. (1997) employ CEO cash compensation as a proxy
for CEO risk aversion, based on the premise that CEOs receiving elevated cash remuner-
ation are probably more entrenched and hence be more risk-averse. Another argument

1This classification process, along with sample selection method, is based on the approach used in
Queiró (2021).

2It is available in http://www.ilo.org/public/english/bureau/stat/isco/docs/
groupdefn08.pdf.

3The variable job title corresponds to “prof_4d” in the QP data set.
4The variable qualification corresponds to “nqual1” in the QP data set.
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is that CEOs with substantial cash compensation possess greater wealth to invest exter-
nally, which may lead them to exhibit lower risk aversion (Guay 1999). We excluded the
salaries below 705 euros in 2022 (0.02%), which corresponds to the minimum salary in
the respective year. In 2023, all the salaries in the sample were above the minimum salary
in that year. To create the sectoral relationship between CEO salary and firm productivity,
we must associate the salary to the economic sector in which the firm operates.

The economic sectors are aggregated according to the Classification of Economic Ac-
tivities (CEA).5 As the name indicates, this classification aims to classify and aggregate
the firms, which produce a good or provide a service, by economic activities. This allows
the organization of the social-economic statistical information and the comparison of the
data at national and international levels due to the harmonization with the Statistical Clas-
sification of Economic Activities (NACE) by European Commission (EC). We excluded
residual economic sectors, and agricultural and fishing sectors, residual professional cat-
egories and residual regions. The CEO salary is associated with the dummy representing
the economic sector in which the firm operates, allowing the correspondence between the
CEO salary and firm productivity in each sector.

To assess the impact of CEO salaries on productivity, it is essential to control for other
significant variables. Consistent with prior studies, our analysis incorporates the follow-
ing additional factors: share of public social capital, firm size, number of establishments,
antiquity of the firm (Haltiwanger et al. 1999, Huergo & Jaumandreu 2004), share of
unionized and salaried workers, as well as the economic sectors. Further details on the
measurement and construction of these variables are provided in Appendix A.1.

Table I presents the summary statistics for our sample. The average value of the
productivity is 121,338.1 euros, which means that one worker produces, in average,
121,338.1 euros in gross value-added. The average public capital of the firms is 0.1%,
hence the firms in the sample are mostly private. We also conclude that most of the firms
in Portugal are small and medium sized, having, in median, one establishment and are 16
years old. The workers are mainly salaried and do not belong to an union. The average
CEO salary is 1,471.03 euros, which reinforces the medium and small size of the Por-
tuguese firms. Moreover, the minimum CEO salary is 705 euros, which corresponds to
the minimum salary in 2022, and the maximum CEO salary is 690,383.2 euros.

5The description of the Portuguese economic sectors is available in https://www.ine.pt/ine_
novidades/semin/cae/CAE_REV_3.pdf.
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TABLE I: SUMMARY STATISTICS (2022-2023)

Mean Median S.D. Min. Max.
Productivity 121338.1 58654.5 741984 2.5 162452816

Public Capital 0.001 0 0.04 0 1
Dimension 16.89 5 142.92 2 26370
Antiquity 18.85 16 16.90 0 525

Unionized Workers 1.95 0 11.26 0 200
Salaried Workers 87.97 100 20.84 4.44 783.33

Number of Establishments 1.29 1 4.30 1 698
CEO Salary 1471.03 1052.5 2091.20 705 690383.2

Descriptive statistics of the dependent variable and the control variables. The productivity is the gross
value-added per worker, and is represented in euros. The public capital is the share of public social
capital. Dimension is the number of employees. Antiquity is the number of years since the firm started.
Unionized and salaried workers is the ratio of the workers with the respective characteristic and the total
number of workers. The CEO salary is the normal and extra income, including earnings supplements,
in euros. The economic sector dummies are not represented due to their large number (81 dummies).
The data presents the firm-CEO pairs for the firms represented in QP for the period 2022-2023. The
size of the sample is n “ 291, 509. Please refer to Appendix A.1 for variable definitions.

4 METHODOLOGY

We now explain the methodology used to estimate and to identify in which economic
sectors the CEO salary impacts firm productivity. To preview our approach, we will use a
linear regression model where firm productivity is regressed on the covariates of interest
(here, the interaction between the economic sector in which the firm is inserted and its
CEO salary), the control variables, plus the firm and time Fixed Effects (FE). Building
upon this standard framework, we subsequently address the estimation challenges inher-
ent from this specification. Addressing estimation challenges requires the extent of recent
computational techniques in high-dimensional estimation based on penalized procedures
for variable selection.

4.1 Linear Regression Model

Consider the following regression model to estimate, in which economic sectors, the
CEO salary has a relevant influence on firm productivity

yit “

p
ÿ

j“1

βjxj,it ` γTControlsit ` ηi ` δt ` uit (1)

where:

• yit is the log-productivity of firm i at time t,
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• xj,it is the j-th covariate of interest representing the interaction between the CEO
salary and a dummy variable indicating whether firm i belongs to the j-th economic
sector,

• Controlsit is a vector of firm’s non-penalized control variables,

• ηi is firm FE,

• δt is time FE.

• uit is the error term.

To examine the relationship between productivity and CEO salary, we identify two po-
tential estimation challenges related to the construction of the variables: the endogeneity
of CEO salary and the lasting effects of productivity disturbances. The well-documented
endogeneity issue of CEO salary in this context typically arises from unobserved firm het-
erogeneity or variations in the firm’s contractual environment. When a firm is more pro-
ductive, its gross value increases and, as mentioned before, if the CEO has performance-
based incentives, his/hers salaries will increase. The same occurs inversely: if the firm
under produces, the CEO salary will decrease. To correct for the endogeneity of CEO
salaries, we add to the regression firm FE, which will control the unobservable firm het-
erogeneity.

A second source of endogeneity may stem from the influence of past firm performance
on current CEO salary. More specifically, CEO salary partly reflects the firm’s recent per-
formance to some extent. Given the period of our sample, we assume that the past shocks
of productivity present a null expected value conditioned on the other variables consid-
ered and the FE. The time frame considered (2022-2023) is a period of stabilization and
consolidation due to the COVID-19 pandemic, hence we do not assume significant pro-
ductivity shocks. Having thoroughly addressed the endogeneity concerns, we are assured
that potential estimation biases have been substantially mitigated.

Although the model presented has non-penalized control variables and two sets of
FE, estimation is feasible due to the FE within transformation, explained by Cameron &
Trivedi (2005). Additionally, given the implementation of the chosen method that we will
explain later, we will need to apply the Frisch-Waugh-Lovell (FWL) theorem.

Our analysis centers on the set of covariates, xj,it. Hence, besides the challenges men-
tioned before, a key econometric challenge specific to our context is the high-dimensional
framework arising from the number of sectors being potentially very large. For this rea-
son, in order to guarantee a feasible estimation and avoid overfitting, we will rely on
methods from penalized regression literature, as presented below.
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4.2 Model Transformations

Taking Equation 1 into account, ηi denotes firm-specific effects, capturing unobserved
heterogeneity that may be correlated with the regressors xit.

As noted by Cameron & Trivedi (2005), a FE model accounts for unobserved firm het-
erogeneity that may exhibit correlation with the regressors, leading to an omitted variable
bias. For this model, we must assume strict exogeneity,

Eruit|ηi, xi,2022, xi,2023,Controlsi,2022,Controlsi,2023s “ 0 (2)

which means that the error term has an expected value of zero conditional on past,
current and future values of the regressors.

The presence of N parameters η1, ...ηN are a challenge for estimation due to their
increment in number as N ÝÑ 8, meaning they are nuisance parameters that are not of
intrinsic interest. However, they are required for a robust estimation of the parameters
β, which are of interest. In order to present consistent estimators, we need to perform
a within transformation, which is obtained by subtracting the time-averaged model ȳi “

x̄1
iβ ` γTControlsi ` ηi ` δ̄t ` ūi from Equation 1. Then,

yit ´ ȳi “ pxit ´ x̄iq
1β ` γT

pControlsit ´ Controlsiq ` pδt ´ δ̄tq ` puit ´ ūiq ô

:yit “ :xitβ ` γT :Controlsi ` :δt ` :uit

(3)

the fixed effect ηi and all regressors that do not vary over time are removed.

The FE estimator corresponds to the application of the Ordinary Least Squares (OLS)
estimator to the Equation 3. In short panels (large N and small T ), the estimates η̂i are
inconsistent. Nonetheless, β̂FE is consistent for β, due to the fact that ηi are eliminated in
Equation 3. Given the high-dimensionality mentioned above, the standard FE estimator
may be unfeasible, lack efficiency and lead to overfitting if the number of covariates
is very large. Penalized methods such as LASSO provide an appropriate complement.
The combination of within transformation and LASSO methods is used by Belloni et al.
(2016). Given the computational implementation of the chosen method, we will need to
further transform the Equation 3 through the FWL theorem explained next.

The Frisch & Waugh (1933) and Lovell (1963) theorem provides an alternative method-
ology to compute the OLS estimators in a linear regression model. This theorem allows
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to transform the Equation 3 in a model which writes the (transformed) dependent variable
just as a function of the (transformed) regressors, xit, which we will penalize in the next
section.

Consider the Equation 3 and the FWL theorem, we will denominate our equation as
followed to simplify the explanation:

z “ WT
1β1 ` WT

2β2 ` e (4)

where z is the dependent variable as in Equation 3, W1 is the vector of the variables of
interest, :xij , W2 is the vector of the variables :Controlsi, and :δt, and e is the error term.

In order to obtain the parameters of interest, β1, we must:

1. Regress z on W2 and save the residuals M2z,

2. Regress W1 on W2 and save the residuals M2W2,

3. Regress the residuals obtained from the first step on those derived in the second
step.

In this context, M2 “ I ´ W2pW
1
2W2q´1W1

1M2 represents the projection operator
onto the orthogonal complement of the column space spanned by W2.

The estimated coefficient of interest is then presented as

β̂1 “ pW1
1M2W1q

´1W1
1M2z (5)

Due to the computational implementation in R software of the method used further, the
FWL theorem will be a fundamental step to its application, since it allows to transform
our within model, Equation 3, to a reduced form, where the (transformed) dependent
variable, :yit, is explained just by the (transformed) variables of interest, :xij , expunged of
the control variables and time fixed effects. The model used for variable selection is the
following

M2z “ M2W1β ` e (6)

4.3 Least Absolute Shrinkage and Selection Operator

The base framework for the variable selection methodology used here considers a
substantial number of predictors (high-dimensionality), to which only a few affect the
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variable of interest (sparsity). More exactly, we have p “ 81 (two digit) economic sectors
in Portugal, coded as dummies, multiplied by the CEO salary of each firm, of which a
subset s ă p is presumed to have non-zero effects. In order to identify those economic
sectors, is crucial the application of statistical methods to the model described in Equation
6.

Due to the high dimensionality of xij , testing multiple subsets of economic sectors to
find the one with the best performance is not practical nor straightforward. Instead, we
employ a penalized regression approach that consists in an additional penalty component
incorporated into the least squares loss function that would be used to estimate the un-
penalized linear model. The penalty term induces shrinkage of all estimated coefficients
toward zero, potentially setting some of them exactly to zero. Increasing the penalty
strength results in the selection of fewer variables with non-zero coefficients. Keeping the
design of the methodological technique in mind, the selected variables should be the ones
that have major influence in the fit of the model; variables with less influence should be
shrunken to exactly zero.

In order to select the economic sectors in which the CEO salary matters to firm pro-
ductivity, we will apply the LASSO method, due to its characteristics of prediction and
variable selection when we have a significant number of predictors, which may cause a
problem of overfitting. The LASSO method produces predictions of a response with high-
dimensional data, coping with a very large number of regressors as long as not many of
them are actually relevant (sparsity assumption). The originated predictions can be based
on non-parametric methods and be better than those obtained by a linear regression. The
LASSO method overcomes the problem of overfitting and its purpose is to predict. In
order to ensure a good prediction, we must choose a form of regularization, a penalty
for model complexity, in which LASSO finds the optimum form of regularization, bal-
ancing the goodness-of-fit and parsimony, through the addition of a complexity penalty
to a standard estimation problem. This method assumes either that the observations are
independent or that the response is conditionally independent given the predictors.

Following Tibshirani (1996) and Equation 6, the LASSO estimate is defined by

β̂lasso
“ argmin

β

#

1

2

ÿ

i,t,j

´

pM2zqit ´

p
ÿ

j“1

pM2W1qj,itβj

¯2

` λ
p

ÿ

j“1

|βj|

+

(7)

where p is the number of penalized variables, and λ ě 0 is the tuning parameter
that determines the penalty, which controls the amount of shrinkage that will affect the
parameters.
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In Equation 7, the first part of the sum is the standard least squares objective function,
followed by the penalty for the model’s complexity (regularization). Thus, the LASSO
nests the least squares as a particular case when λ is assigned a value of zero. The funda-
ment of the l1-penalty applied to the coefficients allows for the number of these to exceed
the sample size, provided the turning parameter is sufficiently large. Conceptually, in-
creasing the penalty progressively shrinks the estimated β-coefficients toward zero. The
coefficients of the variables that do not sufficiently increment the objective function are set
to zero, identifying the variables to include in the final model. Consequently, as λ ÝÑ 8,
Equation 7 is minimized by setting all estimated β coefficients to zero, implying that no
variables are selected.

The control parameter γ from Equation 3, as well as the FE and δt, are not penalized.
Additionally, they do not present any specific issue for computation because they are in-
dependent of the penalty parameter, being taken into account in the within transformation
and FWL steps described above. Given that, for any β, the control parameter is taken into
account in the within transformation and can be derived by optimizing the standard least
squares objective function from the standard unpenalized regression approach.

Although LASSO offers significant computational benefits and strong empirical per-
formance, it is inherently structured to select individual predictor variables rather than
broader factor groupings. When LASSO is applied to Equation 6, it conducts variable
selection based on the magnitude of individual derived input variables, rather than eval-
uating the collective strength of groups of variables. This may result in over-selection of
factors. This is the reason the group LASSO can be more suitable for factor selection.

4.4 Group LASSO

In this case, the economic sectors belong to pre-defined groups by one-digit econom-
ical classification. Given this, it may be preferable to apply shrinkage and selection at the
group level, treating all variables within a group jointly, at least as a first step in variable
selection. To achieve this, we apply the group LASSO by Yuan & Lin (2006).

The group LASSO extends the traditional LASSO methodology to facilitate variable
selection at the group level. However, it is more challenging computationally. To im-
plement this, a unified algorithm known as Groupwise-Majorization-Descent (GMD) is
employed to efficiently compute the solution for the group LASSO penalized otimization.
This algorithm satisfies the quadratic majorization condition.6

Suppose that the p “ 81 economic sectors at two-digit classification are aggregated

6For more details in the quadratic majorization condition, see Yuan & Lin (2006).
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at one-digit classification into K “ 10 groups, with pk as the number of predictors in the
group k. Considering Yuan & Lin (2006) and Equation 6, the group LASSO estimate is
defined by

β̂GL
“ argmin

β

#

1

2

ÿ

i,t,j

´

pM2zqit ´

p
ÿ

j“1

pM2W1qj,itβj

¯2

` λ
K
ÿ

k“1

?
pk

d

ÿ

jPIk

β2
j

+

(8)

where pk represents the number of two-digit sectors in group k and Ik is the identity
matrix of group k. When we penalize the coefficients in the second part of the Equation
8, it is applied the Euclidean norm to the subset of coefficients of group k. This approach
promotes sparsity at both the group and individual levels, as the Euclidean norm of the
subset of the coefficients of group k is zero only if all of its components are zero. Conse-
quently, for specific values of λ, an entire group of predictors may be excluded from the
model.

4.5 Cross-Validation

Now, we must discuss how to determine the parameter λ. We will examine the cross-
validation approach and expose its strengths and weaknesses. The cross-validation ap-
proach iteratively partitions the data, selecting subsets to evaluate, and calculates the λ

that maximizes the model’s predictive accuracy on the test data. Stated differently, it
identifies the model that achieves the lowest forecasting error, commonly referred to as
the cross-validation function. Formally, it calculates

λ̂ “ argmin
λPΘ

CV pλq (9)

where Θ denotes the set of λ grid values and it is computed in the following way:

1. Randomly divide the dataset into K folds (in this case, K “ 10),

2. For each fold k P t1, ..., 10u, execute the following steps

(a) Using the observations outside fold k, estimate the model parameters for a
given λ,

(b) Utilize the estimates obtained in step 2a to calculate the out-of-sample de-
viance for the observations in fold k,

3. Compute the mean of the out-of-sample deviance for each model λ,
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4. The value of λ P Θ that yields the lowest average out-of-sample deviance corre-
sponds to the minimizer of the cross-validation function.

The primary advantage of cross-validation consists in its explicit focus to optimize
predictive performance, thereby providing a conceptual benefit in forecasting contexts.
Nevertheless, the LASSO procedure combined with cross-validation tends to over-select,
often including irrelevant variables (Breinlich et al. 2021). Although, it is the standard
technique to choose the regularization parameter in penalized regressions.

5 EMPIRICAL RESULTS

This section presents the results obtained using the group LASSO method as imple-
mented by Yuan & Lin (2006), followed by the baseline LASSO (Tibshirani 1996). Ini-
tially, the analysis focus on economic sectors at two-digit level aggregated in ten groups
of economic sectors at one-digit. Subsequently, after excluding the sectors that were not
selected in the initial stage, the baseline lasso is applied to the sectors disaggregated at the
two-digit level.

First, the group LASSO is applied to the K “ 10 groups to identify the relevant vari-
ables. At the optimal tuning parameter value, λ “ 0.000006, the group LASSO procedure
excludes three economic sectors at one-digit level in which CEO salary influences firm
productivity.

For further illustration, Figure 1 shows the regularization paths for the selected grouped
economic sectors at the one-digit level. This figure demonstrates that the variation in the
estimated coefficients for the ten grouped economic sectors changes as λ varies. Consis-
tent with theoretical expectations, the number of selected sectors decreases as λ increases.

Figure 1 shows the non-selected economic sectors by group LASSO: extractive and
certain manufacturing industries, as well as the management of electricity, gas, waste and
related services. Within the manufacturing sector, the method excludes the manufacture
of pharmaceutical products, rubber, plastic, and metal articles. Additionally, it does not
select manufacture of machinery and equipment, nor furniture and mattresses.7 As the
tuning parameter λ increases, two sectors, specifically sectors 4 and 5, distinctly stand
out as being consistently selected even with high regularization. These sectors encom-
pass construction; wholesale and retail trade, including vehicle repair for automobiles
and motorcycles; transport and storage; accommodation and food services; as well as ac-
tivities related to cinema, editing, and television. These findings are consistent with the

7In the Appendix A.2, it is presented the non-chosen economic sectors in more detail.
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FIGURE 1: Regularization paths for selected grouped sectors with n “ 291, 509 and
p˚ “ 81.

Regularization paths of group LASSO penalized linear regression model with p˚ “ 81
expanded variables organized into K “ 10 groups, where the Euclidian norm of the coefficients
of each group k is plotted as a function of λ. The vertical dotted line denotes the optimal λ value
selected by cross-validation.

prevailing business paradigm observed among the largest firms in Portugal, aligning well
with intuitive expectations. Given the non-selected economic sectors, we would also ex-
pect the energy and pharmaceutical sectors to be chosen, although its productivity may be
mainly influenced by production factors, due to the highly specialization and investment
in Research & Development (R&D) of these sectors.

In order to achieve a greater parsimonious result, we excluded the previously unse-
lected groups and applied the LASSO method to the individual sectors. The variables
selected in the second step form the final set of predictors. This ensures that the model is
parsimonious, while including all relevant variables that have a potential causal effect on
the dependent variable. Table II presents the results from the LASSO described above. In-
tuitively, the selected economic sectors reflect the broad Portuguese economic sector. The
LASSO method selects 45 economic sectors at two-digit, from which the construction
sector (sectors 41, 42 and 43), trade sector (sectors 45, 46 and 47) and accommodation
and food services (sectors 55 and 56) clearly stand out. Additionally, chooses specialized
work, such as information and communication activities (sectors 58, 59, 60, 61 and 62),
financial services and insurance (sectors 64, 65 and 66), consulting, scientific and tech-
nical activities (sectors 69, 70, 71, 72, 73 and 75), as well as education (sector 85) and
health and social support services (sectors 86, 87 and 88). Most of the selected economic
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sectors exhibit a positive sign between firm productivity and CEO salary, from which
is interesting to highlight the telecommunications sector and residential care activities.
Conversely, ten sectors exhibit a negative coefficient, from which we highlight garment
industry and R&D activities.

Particularly, one of the sectors in which CEO salary has a (positive) effect on firm
productivity is the telecommunications sector (sector 61). This sector is responsible for
enabling the transfer of information from a sender to one or more recipients, in a usable
form, across various formats. The positive relationship between CEO salary and firm
productivity can be attributed to the high complexity inherent in the sector, characterized
by large-scale infrastructure, rapid technological advancements and extensive regulatory
requirements. A competitive CEO salary is necessary to attract and retain a qualified CEO
capable of managing the complexity of the sector, anticipating technological innovations,
strategically investing on them, and sustaining competitive advantage within the industry.

Similarly, residential care activities within the non-profit sector (sector 87) demon-
strate a positive relationship between CEO salary and firm productivity. This sector com-
prises services aimed at accommodation and social integration, primarily targeting chil-
dren, the elderly, disabled people, and families experiencing social exclusion. Beyond
organizational size, CEO salary in this sector is significantly influenced by ideological
considerations and the composition of revenue streams. Non-profit organizations are pre-
cluded from distributing profits; rather, all revenue must be fully allocated toward ful-
filling their mission objectives. Consequently, CEO salaries in the non-profit sector are
subject to stringent scrutiny, and excessively high compensation may be perceived as ei-
ther fraudulent or wasteful. Oster (1998) finds that CEO salary structures in non-profit
organizations closely resemble those in for-profit firms. Additionally, competitive CEO
salary is necessary to attract highly qualified executives and to motivate and retain current
leadership.

The garment industry (sector 14) includes the production of all types of garments,
regardless of material, for men, women and children. The negative coefficient associated
with this sector may be attributed to the relatively small size of both the industry and
the firms within it. Typically, garment firms report lower revenues compared to other in-
dustries, and many eventually file for bankruptcy or are acquired by larger competitors.
According to Ozsoz (2025), fashion industry CEOs tend to receive lower salaries than the
average CEO. Given that higher compensation is generally thought to motivate CEOs to
enhance firm performance profitability, it is surprisingly that in this sector an increment
of the CEO salary penalizes productivity, specially in a key Portuguese economic sector.
It may be necessary to do a more granular study on this economic sector because this sug-
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TABLE II: LASSO RESULTS.

Variables Lasso Variables Lasso
(1) (1)

Sector10 0.08 Sector69 0.04
Sector11 -0.04 Sector70 0.07
Sector14 -0.07 Sector71 0.07
Sector16 0.06 Sector72 -0.68
Sector19 -0.08 Sector73 0.01
Sector41 0.14 Sector75 0.03
Sector42 0.04 Sector78 0.04
Sector43 0.14 Sector79 0.17
Sector45 0.07 Sector80 -0.10
Sector46 -0.01 Sector81 0.10
Sector47 0.01 Sector82 0.05
Sector51 0.01 Sector84 0.51
Sector55 0.14 Sector85 0.19
Sector56 0.13 Sector86 0.06
Sector58 -0.05 Sector87 0.34
Sector59 0.09 Sector88 0.09
Sector60 0.19 Sector90 -0.07
Sector61 0.40 Sector92 0.01
Sector62 0.14 Sector93 0.03
Sector64 0.22 Sector94 0.22
Sector65 -0.10 Sector95 0.04
Sector66 0.02 Sector96 0.09
Sector68 -0.01

Linear regression with the selected economic sectors, estimated by LS using 291,509 firm-year obser-
vations. Column "Lasso" reports the coefficients estimated by LASSO. Refer to Appendix A.3 to a
description of the selected sectors.
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gests that an increase of CEO salary might reduce the workers’ motivation or accelerate
possible bankruptcies.

Scientific R&D activities comprise all fields of human knowledge, whether for profit
or not. The negative relationship between CEO salary and firm productivity in the R&D
sector (sector 72) is striking, possibly due to the difficulty of measuring productivity, since
it is not linked to meaningful innovation outcomes, providing an appearance of a negative
impact. R&D results only materialize in the long term, whereas CEO salary is tied to
short-term metrics, which may lead to sustained investment in R&D being neglected.

Figure 2 presents the regularization paths for all two-digits economic sectors selected
in the initial group-LASSO step, as illustrated in Figure 1, and corroborates the selected
variables in Table II. The regularization paths serve to validate the reliability and consis-
tency of our findings. A closer inspection to Figure 2a reveals that the most persistent
sectors are: real estate promotion and specialized construction (sectors 41 and 43); trade,
maintenance and repair of motor vehicles and motorcycles (sector 45); accommodation
and food service (sectors 55 and 56); telecommunications, consulting and computer pro-
gramming services (sectors 61 and 62); and financial services, except insurance and pen-
sion funds (sector 64).

The persistent selection observed in the real estate promotion and specialized con-
struction sectors is not surprising, given that the CEO salary in firms operating within this
sector ranks among the highest in Portugal. This phenomenon can be attributed to the
expansion of the real estate market, the concomitant demand for new private and public
infrastructure, and a disequilibrium between housing demand and supply - specifically,
demand exceeding supply. The tourism sector constitutes one of the most prominent sec-
tors in Portugal; consequently, the sustained selection of the accommodation and food
service sectors are anticipated, alongside the evident correlation between CEO salary and
firm productivity. The largest and most innovative firms in Portugal are found in the
telecommunications, consultancy, computer programming, and financial services sectors,
so an increase in CEO salary contributes to a more effective market strategy and, subse-
quently, an increment in productivity.

Observing Figure 2b, we conclude that the most persistent (two-digit) economic sec-
tors are: R&D activities (sector 72); travel agencies and tour operators (sector 79); public
administration and defense (sector 84); education (sector 85); social support activities
with accommodation (sector 87); activities of associative organizations (sector 94); and
other personal services (sector 96). The aforementioned sectors impact our social life
to some extent, encompassing areas such as defense, education, leisure and living con-
ditions. Accordingly, the persistent influence of CEO salaries on firm productivity is
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(a) Regularization paths for the sectors within the groups 1, 4, 5, and 6 with n “ 291, 509
and p “ 59.

Regularization paths for the LASSO penalized linear regression model with p “ 59
variables, where the value of each coefficient βj is plotted against λ for j “ 1, ..., 59.
The economic sectors are presented with respect to their respective sector at one-digit
level.
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(b) Regularization paths for the sectors within the groups 7, 8, and 9 with n “ 291, 509
and p “ 59.

Regularization paths for the LASSO penalized linear regression model with p “ 59
variables, where the value of each coefficient βj is plotted against λ for j “ 1, ..., 59.
The economic sectors are presented with respect to their respective sector at one-digit
level.

FIGURE 2: Regularization paths for two-digit economic sectors using LASSO penaliza-
tion.
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unexpected, given that CEO salary in these sectors is typically anticipated to be lower
than that of CEOs in profit-driven firms. Nevertheless, a high salary is necessary to at-
tract qualified and sector-appropriate CEOs, as well as to motivate those already in these
positions, thereby influencing productivity.

Referring to the OLS estimation, most of the persistently selected economic sectors by
LASSO correspond to the statistically significant regressors at 95% level, corroborating
our LASSO results.8

6 CONCLUSION

This study investigates the causal effects of CEO salary on firm productivity out-
comes, specifically focusing on the economic sectors. Given the central role of CEOs in
shaping a firm’s strategic direction and risk profile - both of which are closely tied to ex-
ternal performance-relevant factors - this research seeks to determine in which economic
sectors CEO salary serves as a driver of productivity. In light of the ongoing debate on
whether rising CEO salaries reflect talent scarcity or performance-based incentives, we
adopt advanced variable selection methods to identify sectors where CEO salary signif-
icantly influences productivity. The findings indicate that CEO salary influences persis-
tently firm productivity in the construction sector, trade and repair of motor vehicles and
motorcycles, telecommunications, as well as accommodation and food services. These
results align with the prevailing business paradigm in Portugal. Additionally, the research
indicates that CEO salary does not influence firm productivity in the extractive indus-
tries, certain manufacturing industries (e.g., pharmaceuticals, rubber, plastics, and metal
products), and in the management of electricity, gas, waste and related services.

Our methodology proceeds in two stages. Initially, we classify economic sectors at
the one-digit level to identify broad patterns, implementing the group LASSO approach
(Yang & Zou 2015). Subsequently, we refine this categorization to isolate more persistent
and granular sector-specific effects with baseline LASSO. These recent machine learning
techniques are applied on a unique and rich matched employer-employee dataset.

Among the economic sectors where the relationship between CEO salary and firm
productivity is presented, ten sectors exhibit a negative coefficient, in which the garment
industry and scientific R&D activities are included. Notably, two of the sectors demon-
strating a positive impact of CEO salary on firm productivity are telecommunications and
residential care activities within the non-profit sector.

Overall, the results are consistent with the Gabaix & Landier (2008) findings, who

8We refer to A.4 for the coefficients and significance of the regressors derived from the OLS estimation.
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emphasize firm size as the main factor of the relationship between CEO salary and firm
productivity. In garment industry, relatively low CEO salaries appear to hinder compet-
itiveness, increasing vulnerability to bankruptcy or acquisition (Ozsoz 2025). In R&D
activities, the difficulty of measuring productivity may appeal as a negative impact of
CEO salary in productivity. This pattern is attributed to structural characteristics of the
sector. In the telecommunications sector, a high CEO salary attracts a qualified CEO ca-
pable of dealing with its complexity. In non-profit residential care activities - where the
CEO salary impacts more significantly the firm productivity - the results are defended by
Oster (1998), who argues that a higher salary is necessary to attract and retain qualified
executives within the non-profit sector, being influenced by ideological considerations
and by the composition of the revenue streams.

A broad conclusion that can be drawn is that CEO salary serves as an instrument
primarily aimed at attracting and retaining qualified CEOs who are well-suited to the
specific sector in which the firm operates. The selection of an appropriate CEO improves
the firm’s strategic direction, creates a sustainable competitive position in the market,
increases productivity and ultimately contributes to the overall firm value.

The findings contribute to the growing literature on CEO salary by offering a novel
empirical application of LASSO techniques and providing sector-specific insights into the
productivity effects of CEO salary. To our knowledge, this is the first study to combine
the group LASSO and standard LASSO in this context, suggesting the method’s potential
applicability across national and international datasets.

One limitation of the study is the identification and assignment of a CEO to each firm.
Given the absence of a scientific definition of CEO, it was necessary to develop a selection
method, drawing on existing literature and adapted to the characteristics of our dataset.
The selection of penalized regressors and the determination of an appropriate tuning pa-
rameter for the LASSO estimation also presented a methodological preference. While
LASSO method overcomes the problem of overfitting, our approach involved a hierar-
chical penalization: first at the one-digit sector level, and subsequently, within selected
sectors, at the two-digit level for greater granularity. LASSO techniques exhibit multiple
methodological options to choose the tuning parameter. After applying multiple selection
techniques and obtaining consistent results across methods, we adopted the approach ex-
plained in Section 4. The large volume of results derived from the implemented methods
may overlook the analysis of certain interesting individual outcomes. This paves the way
for future analyses focused on specific sectors, using this work as a reference point.

Future research may expand upon this work in several ways. First, expanding the
longitudinal data or applying datasets from other countries could enhance generaliza-
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tion and contextual understanding. Second, the integration of more advanced machine
learning techniques, such as double machine learning, could improve model robustness.
Third, analysing alternative productivity metrics, including estimates based on the Cobb-
Douglas production function, would provide a more comprehensive understanding of the
impact of CEO salary on firm productivity in the various economic sectors. Lastly, ex-
amining the influence of CEO characteristics (e.g., gender, age, or experience) across
economic sectors could further refine the theoretical and empirical understanding of lead-
ership dynamics and firm performance.
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A APPENDICES

A.1 Variables used in the productivity estimation

• Productivity: logarithm of the gross value-added per worker of the firm.

• Public Capital: share of public social capital.

• Dimension: logarithm of the number of workers of the firm.

• Antiquity: the number of years since the beginning of the firm’s activity.

• Unionized Workers: share of unionized workers (%).

• Salaried Workers: share of salaried workers (%).

• Number of Establishments: number of the establishments of the firm.

A.2 Economic sectors do not selected by group LASSO

• Extraction and preparation of metallic minerals;

• Other extractive industries;

• Service activities related to extractive industries;

• Manufacture of chemical products and of synthetic or artificial fibers, except phar-
maceutical products;

• Manufacture of basic pharmaceutical products and pharmaceutical preparations;

• Manufacture of rubber and plastic articles;

• Manufacture of other non-metallic mineral products;

• Basic metallurgical industries;

• Manufacture of metal products, except machinery and equipment;

• Manufacture of computer equipment, communication equipment, and electronic
and optical products;

• Manufacture of electrical equipment;

• Manufacture of machinery and equipment, n.e.c.;
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• Manufacture of motor vehicles, trailers, semi-trailers, and components for motor
vehicles;

• Manufacture of other transport equipment;

• Manufacture of furniture and mattresses;

• Other manufacturing industries;

• Repair, maintenance, and installation of machinery and equipment;

• Electricity, gas, stream, hot and cold water, and cold air;

• Water collection, treatment, and distribution;

• Collection, drainage, and treatment of wastewater;

• Collection, treatment, and disposal of waste, material recovery;

• Decontamination and similar activities.

A.3 Economic sectors in which the CEO salary affects firm productivity in LASSO

The description of the economic sectors is presented in the same order as that pre-
sented in Table II.

• Food industries encompass the processing of agricultural, pescatarian and animal
production products into consumable goods for humans or animals, as well as the
manufacture of intermediary products;

• Beverage industries include the production of alcoholic and non-alcoholic bever-
ages;

• Garment industries involve the production of a wide range of garments for men,
women and children, utilizing various materials;

• Wood and cork industries, except furniture and manufacture of basketware
and wickerwork encompass sawing, planing, and impregnation of wood, manufac-
ture of veneers, plywood, and panels, carpentry works for construction, packaging
and other wood products, basketware, wickerwork, and cork processing;

• Manufacture of refined petroleum, and combustible agglomerates include the
transformation of crude oil and coal into derivative products intended for consump-
tion;
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• Real estate promotion (development of building projects) and building con-
struction refer to the development of building projects, including the construction,
transformation, and repair of buildings for diverse sectors. This sector also in-
cludes the technical, legal, and financial involved in the construction and sale of
such projects;

• Civil engineering encompass the construction of roads, bridges, tunnels, airport
runways, railways, water supply, sewerage, energy distribution, telecommunica-
tions, and sport facilities. Hydraulic engineering is also included in this sector;

• Specialized construction activities comprise demolition, site preparation, con-
struction drilling, fabrication and installation of iron frameworks at construction
sites, electrical and plumbing installation, and the finishing of buildings;

• Trade, maintenance and repair of motor vehicles and motorcycles encompass
the wholesale and retail trade of new and used motor vehicles, motorcycles and
mopeds, including parts, components, and accessories, alongside their maintenance
repair services;

• Wholesale trade, except motor vehicles and motorcycles comprise the resale of
new or used goods on a wholesale basis without transformation, primarily to traders,
professional users or intermediaries;

• Retail trade, except motor vehicles and motorcycles involve the resale of new or
used goods on a retail basis without transformation, intended for final consumers,
businesses, and other institutions;

• Air transport of passengers and goods;

• Accommodation services refer to the temporary rental of lodging facilities, with or
without the provision of meals and ancillary services, whether open to the general
public or reserved for members of specific organizations;

• Restaurants and similar establishments include the preparation and sale of food
for on-site consumption, as well as related services such as catering, cafes, bars,
and pastry shops;

• Publishing activities encompass publishing books, newspapers, magazines, soft-
ware and multimedia products;
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• Cinematographic, video, television program production, sound recording and
music publishing activities, which include the production, post-production, dis-
tribution, screening, purchase and sale of distribution rights of films and videos.
Additionally, comprise sound recordings and music publishing;

• Radio and television activities are related to the creation of content and the acqui-
sition of rights to distribute them;

• Telecommunications enable the transfer of information from a sender to one or
more recipients, in a usable form, across various formats;

• Consulting and computer programming services involve the design, develop-
ment, modification, testing and technical support of computer software tailored to
the specific requirements of clients;

• Financial services, except insurance and pension funds include activities related
to the acquisition and distribution of financial resources;

• Insurance, reinsurance and pension funds, except compulsory social security;

• Auxiliary activities for financial services and insurance, without directly provid-
ing financial services;

• Real estate activities include the purchase, sale, rental, mediation and valuation of
real estate, as well as property management on behalf of others;

• Legal activities consist of providing legal consultation and representation of nat-
ural or legal persons before the courts or other judicial entity, within the scope of
civil, criminal, labour or other legal domains. This sector also includes accounting
services such as recording of accounting operations, auditing and preparation of tax
declarations;

• Activities of head offices and management consultancy include strategic and or-
ganizational planning, as well as operational assistance to companies;

• Architectural, engineering and related techniques activities, as well as test and
technical analysis involve architecture and engineering services, technical testing,
building inspections and cartography;

• Scientific R&D activities involve all fields of human knowledge, whether for profit
or not;

• Advertising, market research and opinion polls;
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• Veterinary activities comprise medical-veterinary care with or without hospital-
ization of farm and companion animals;

• Employment activities related to the search, selection, guidance and placement of
personnel at all levels and in all fields, as well as labour subcontracting activities;

• Travel agencies, tour operators and other reservation services include agen-
cies and tour operators engaged primarily in the sale of travel packages, tourism,
transportation, and accommodation services on either a wholesale or retail basis to
individuals and companies;

• Investigation and security activities include surveillance and protection activities
carried out by specialized personnel or using other means of protection. Addition-
ally, encompass inquiry and investigation activities outside the judicial framework,
as well as detective activities;

• Building-related activities and maintenance of garden include cleaning services,
security and surveillance, waste segregation and reception duties;

• Administrative and support service activities provided to businesses encompass
financial planning, document preparation, call center operations, event organization
and other related services;

• Public administration, defense and compulsory social security include general
administrative activities at all levels of government, in the economic and social
domains;

• Education comprise public, private and cooperative teaching across all levels or
fields of study accessible to the general public;

• Human health activities take place in inpatient facilities, outpatient clinics and
other healthcare settings. These activities involve a range of medical procedures,
from diagnosis to treatment, and include services performed by legally authorized
paramedical professionals;

• Social support activities with accommodation target children, youth, individuals
with disabilities, and families experiencing social exclusion. This sector includes
nursing homes and similar institutions providing integrated and continuous care;

• Social support activities without accommodation target population with need of
social support in their homes or elsewhere;
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• Theatre, music, dance and other artistic and literary activities related to the
production and performance of those works, as well as the operation of venues
intended for cultural and entertainment events;

• Lotteries and other gambling activities encompass the organization of the lotter-
ies, operation of casinos and other gaming venues, as well as retailers, street and
online vendors;

• Sports, amusement and recreation activities cover sports activities, bullfighting,
theme parks, and others;

• Activities of associative organizations involve the management and administra-
tion of such entities, typically including representation before public authorities,
dissemination of information and guidance, collective bargaining and public rela-
tions;

• Repair of computers, personal and household goods, such as peripheral, com-
munication equipment, garden equipment, footwear, clothing, furniture, musical
instrument, and other goods;

• Other personal services activities cover services such as textile and leather wash-
ing and dry cleaning, hairdressing and beauty salons, funeral services, wellness
activities, among others.
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A.4 OLS estimation

TABLE III: OLS RESULTS.

Dependent variable: Firm productivity (2022-2023)
Variables OLS Variables OLS

(1) (2)

Sector07 1.00 (1.19) Sector52 0.01 (0.04)
Sector08 0.02 (0.05) Sector53 -0.02 (0.09)
Sector09 -0.87 (2.25) Sector55 0.15*** (0.03)
Sector10 0.09*** (0.02) Sector56 0.14*** (0.01)
Sector11 -0.07** (0.03) Sector58 -0.08* (0.05)
Sector12 -0.20 (160.4) Sector59 0.14 (0.11)
Sector13 -0.01 (0.03) Sector60 0.25*** (0.06)
Sector14 -0.08*** (0.02) Sector61 0.46** (0.20)
Sector15 -0.001 (0.04) Sector62 0.15*** (0.03)
Sector16 0.09 (0.06) Sector63 -0.01 (0.13)
Sector17 -0.02 (0.06) Sector64 0.25*** (0.05)
Sector18 0.001 (0.02) Sector65 -0.15 (0.19)
Sector19 -0.30 (0.31) Sector66 0.04* (0.02)
Sector21 -0.01 (0.10) Sector68 -0.02 (0.03)
Sector22 -0.09* (0.05) Sector69 0.06*** (0.01)
Sector23 0.002 (0.06) Sector70 0.09*** (0.03)
Sector24 0.11 (0.09) Sector71 0.09*** (0.02)
Sector25 0.02 (0.02) Sector72 -0.76** (0.29)
Sector26 0.18** (0.08) Sector73 0.03 (0.04)
Sector27 0.18*** (0.06) Sector74 -0.01 (0.04)
Sector28 0.01 (0.03) Sector75 0.07** (0.03)
Sector29 -0.14 (0.15) Sector77 -0.01 (0.04)
Sector30 -0.29* (0.18) Sector78 0.08 (0.07)
Sector31 0.06** (0.02) Sector79 0.19*** (0.06)
Sector32 -0.05 (0.05) Sector80 -0.13 (0.12)
Sector33 0.10*** (0.03) Sector81 0.12*** (0.04)
Sector35 -0.13 (0.24) Sector82 0.06 (0.05)
Sector36 -0.14 (0.21) Sector84 0.57 (0.37)
Sector37 -0.23 (0.23) Sector85 0.22*** (0.05)
Sector38 -0.002 (0.05) Sector86 0.07*** (0.01)
Sector39 1.16 (0.81) Sector87 0.36*** (0.07)
Sector41 0.14*** (0.02) Sector88 0.12* (0.07)
Sector42 0.06** (0.03) Sector90 -0.11 (0.26)
Sector43 0.15*** (0.01) Sector91 0.04 (0.15)
Sector45 0.08*** (0.01) Sector92 0.11 (0.24)
Sector46 -0.02 (0.01) Sector93 0.05 (0.05)
Sector47 0.02** (0.01) Sector94 0.24*** (0.07)
Sector49 0.01 (0.02) Sector95 0.09 (0.08)
Sector50 0.003 (0.11) Sector96 0.12** (0.05)
Sector51 0.05 (0.03)

Linear regression with the selected economic sectors at two-digit level, estimated by OLS using 291,509
firm-year observations. Column "OLS" reports the coefficients estimated by OLS. Bootstrap cluster-
robust standard errors are reported in parentheses. ˚p ´ value ă 0.10, ˚ ˚ p ´ value ă 0.05, ˚ ˚ ˚p ´

value ă 0.01.

A.5 Implementation

The analysis was conducted using R software as the primary programming language.
The implementation of machine learning models was facilitated through various libraries,
notably gglasso (Yang & Zou 2015) and glmnet (Friedman et al. 2010). These libraries
provided a framework for model building, parameter tuning and evaluation, enabling a
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comprehensive analysis of the impact of CEO salary on firm productivity in the selected
economic sectors.
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