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Abstract: The global trends in taxation have generated a “race to the bottom” in capital income taxa-
tion, which is intended to be stopped by OECD through the introduction of a global minimum tax rate
(15% of effective average tax rate—EATR). The question is whether the defined tax competition floor
would have heterogeneous implications in different economies. The aim of this paper is to examine
the long-term relationship between the EATR and FDI, and between the EATR and budget balance
(BB) in European OECD economies in the period 1998–2021, using non-stationary, heterogeneous pan-
els. According to the linear PMG model, a significant negative long-term relationship was revealed
between the EATR and FDI and between the EATR and BB, while the error-correction parameters
are significant and heterogeneous, showing that the speed of adjustments towards equilibrium is
different across the analyzed economies. However, the nonlinear PMG results revealed asymmetry as
the magnitude of the influence of an EATR reduction has a greater effect on FDI attraction and deficit
deepening than an increase in the EATR on the opposite tendencies of FDI and deficit. Policymakers
are facing a trade-off related to FDI attraction/budget deficit deepening when making decisions in
relation to the EATR, and they are mostly oriented toward FDI inflow using EATR reduction in the
analyzed economies.

Keywords: EATR; FDI; budget balance; PMG model; European OECD economies

1. Introduction

One of the most important instruments that policymakers use to promote economic
growth and prosperity in the economy is tax policy; however, different countries’ tax
regimes cannot be analyzed in isolation. Tax regimes and tax rates could significantly
affect decisions about the localization of production and investment in open economies
due to capital mobility across borders. In the context of tax competition, countries fight for
businesses and jobs in an environment where labor and/or capital are highly mobile. On
the other hand, tax competition could negatively affect the budget balance (BB). Growing
empirical evidence indicates that tax policy decisions made by the OECD and the EU
should consider the corporate tax system diversity in Europe. Namely, understanding the
tax burden dynamics on investment localization and budget balance requires knowing the
changes in tax systems over time in the OECD and EU member states.

In the last two decades, policymakers have been faced with specific tax policy chal-
lenges due to a “race to the bottom” in capital income taxation becoming the global trend
in taxation. With the aim to attract foreign direct investments (FDI) and to foster economic
growth, tax rates and bases are being lowered, improving competitiveness (Elschner and

Risks 2023, 11, 219. https://doi.org/10.3390/risks11120219 https://www.mdpi.com/journal/risks

https://doi.org/10.3390/risks11120219
https://doi.org/10.3390/risks11120219
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/risks
https://www.mdpi.com
https://orcid.org/0000-0003-2657-2421
https://doi.org/10.3390/risks11120219
https://www.mdpi.com/journal/risks
https://www.mdpi.com/article/10.3390/risks11120219?type=check_update&version=1


Risks 2023, 11, 219 2 of 18

Vanborren 2009). The intention to create favorable tax systems implies corporate income
tax rate cuts, particularly the effective average tax rate—that is, the EATR (Arnold et al.
2011). The EATR is of specific importance as it measures the real profitability of FDI;
namely, the difference between the net present value of FDI profitability before and after
taxes (Egger et al. 2009; Devereux et al. 2002). As a reaction, the OECD proposed a global
minimum tax rate (15% of EATR) in 2022, and it has been accepted in EU economies and
over 135 economies worldwide, generating another global trend related to tax coordination.
The question is whether the defined tax competition floor would have a heterogeneous
implication in different economies, measured through the impact of the EATR reduction on
the attraction of FDI. In addition to the primary goal of attracting FDI, tax competition may
have other consequences. Thus, applying competitive tax strategies could impose some
risks (Podviezko et al. 2019): the decline in the corporate income tax (both statutory and
effective) rate may have a negative impact on the budget balance.

This paper’s two main objectives are to empirically evaluate the effect of EATR changes
on the decision to localize FDI and the relationship between the EATR and BB in the
European OECD economies using the available empirical data from the period 1998–
2021. The paper analyzes tax competitiveness in the specific sample of European OECD
economies. In those economies, there are tendencies towards tax harmonization; however,
EU economies have maintained fiscal sovereignty, which gives them the ability to establish
heterogenous tax policies within the EU boundaries. Therefore, the sample is heterogeneous
and could be separated into two sub-groups: emerging European OECD economies and
developed European OECD economies. These goals are analyzed in the framework of cross-
sectional dependent, non-stationary, heterogeneous panels, using the (Pooled) Mean Group
(PMG/MG) estimator to reveal the long-run relationship between the EATR and FDI and
between the EATR and BB, as well as using heterogeneous error-correction parameters. The
third goal is to analyze the asymmetric effects of the EATR—namely whether an increase vs
drop in EATR has a greater impact on the FDI and BB in European OECD economies—using
non-linear PMG vs. MG estimation. As a robustness check, the Common Correlated Effects
model (CCE) is implemented. Therefore, the hypotheses tested in this paper, based on the
literature—Bénassy-Quéré et al. (2005), Bellak and Leibrecht (2005), Egger et al. (2009),
Barrios et al. (2014), Todorova (2019), Glavaški et al. (2022b), Fernández-Rodríguez et al.
(2023)—are:

Hypothesis (H1). There is a significant negative long-term relationship between the EATR and
FDI, while the error-correction parameters are significant and heterogeneous, showing that the speed
of adjustments towards equilibrium is different across European OECD economies.

Hypothesis (H1a). The long-run relationship between the EATR and FDI differs in two clusters:
developed vs. emerging European OECD economies.

Hypothesis (H1b). Long-run relationship between EATR and FDI differs in two subperiods:
pre-crisis and crisis period.

Hypothesis (H1c). The decrease in EATR has a stronger effect on FDI attraction in comparison to
an increase in EATR.

Hypothesis (H2). There is a significant positive long-term relationship between the EATR and
BB, while the error-correction parameters are significant and heterogeneous, showing that the speed
of adjustments towards equilibrium is different across European OECD economies.

Hypothesis (H2a). The long-run relationship between EATR and BB differs in two clusters:
developed vs. emerging European OECD economies.

Hypothesis (H2b). The long-run relationship between EATR and BB differs in two subperiods:
pre-crisis and crisis period.
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Hypothesis (H2c). The effect of the decrease in EATR on deficit deepening is more intensive in
comparison to the contribution of an EATR increase.

The remainder of the paper is organized as follows. After the Introduction section,
in Section 2, the empirical literature’s current evidence is reviewed. Section 3 deals with
changes in the effective average tax rates, FDI, and budget balance in the European OECD
economies over the analyzed period. Section 4 presents the methodology and data used,
while Section 5 discusses the estimation results. The last part of the paper outlines the
concluding remarks.

2. Literature Review

The literature on competitive tax policies in European OECD Economies is consulted
in this paper. Despite retaining fiscal sovereignty among EU members, EU institutions
have been advocating for tax harmonization in order to prevent harmful tax competition
across member states (Glavaški et al. 2022b; Beljić et al. 2023). As Marques et al. (2019)
point out in their research, it is desirable to govern tax policies on the supranational level
due to: (a) the reduction in the aggressive multinational corporations’ tax planning, and
(b) strengthening the neutrality of the tax systems of EU member states. However, in their
study, Gropp and Kostial (2000) note that the tax harmonization in EU, given the variety
of tax strategies applied by EU members, could cause divergent (positive vs. negative)
repercussions. According to the results, harmonization would benefit high-tax economies
while harming low-tax countries in response to changes in FDI flows. Namely, tax coordi-
nation can harm certain economies, given the diversity of their structure and size (Milton
2017); thus, economic policymakers, especially in emerging economies (Matthews 2011;
Van Ganzen 2023), often opt for tax strategies that ensure tax competitiveness (Gunter et al.
2021). Tax competition is the result of a market struggle to attract foreign capital; thus,
many economic policymakers choose to lower tax rates, considering that this encourages
work, savings, and investments (Gale and Samwick 2014). Bellak and Leibrecht (2005)
empirically confirm that high tax burdens in emerging EU economies act as an obstacle
to FDI inflows as they negatively affect the investments’ profitability. Arnold et al. (2011)
indicate that the most detrimental impact on GDP per capita is caused by corporate income
taxes. However, Anguelov’s (2017) results imply that lower corporation tax rates could in-
crease foreign direct investment (FDI) while reducing annual GDP growth, suggesting that
although tax competition may attract investment, it may not always foster overall economic
expansion. Furthermore, Talpoş and Vancu’s (2009) research findings show that corporate
tax revenue has a negative effect on economic growth in developing economies, while
having a beneficial impact in developed countries. Namely, the research of Thanh and Canh
(2020) suggests that developed countries have the possibility to maintain or increase the
corporate tax rate to increase corporate income tax revenue, while in developing countries,
the opposite effect occurs: with the tax burden growth, capital accumulation decreases.

A series of papers underline the impact of the EATR. Bénassy-Quéré et al. (2005)
asserted that investors may be misled following statutory tax rates. The tax burden may
remain the same even though the statutory tax rate is reduced. Thus, FDI asymmetry
can be a result of tax strategies applying profit-related incentives or credits to achieve tax
competitiveness. Furthermore, tax competition often results in a convergence of tax rates
to the lowest continental level in an integrated region like the EMU, where the majority
of FDI originates from economies implementing incentives. Accordingly, an effective tax
rate is more suitable (as it reflects tax incentives) for investment location decisions (Barrios
et al. 2014); thus, corporations’ production and location decisions are greatly impacted by
effective tax rates. Egger et al.’s (2009) results show a negative correlation between bilateral
effective tax rates and outbound foreign direct investment (FDI). Furthermore, there is a
positive correlation between the tax burdens of the parent and host countries. The effective
tax rate represents how much companies really pay after deductions, tax credits, write-offs,
and foreign income allocations (Auerbach 2013). Namely, the EATR correctly reflects tax
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incentives and is more suitable to evaluate the taxation impact on FDI allocation decisions
by companies (Barrios et al. 2014). Glavaški et al. (2022b) revealed a significant long-run
relationship between EATR dynamics and FDI in emerging EU economies. Specifically,
their research shows that small open economies that use tax competition by decreasing the
EATR have succeeded in attracting FDI. Furthermore, it is also confirmed that almost all
emerging EU economies have achieved an equilibrium between the EATR and FDI inflow
quicker as a result of joining the EU due to the increased mobility of capital, labor, products,
and services among members. Beljić et al.’s (2023) findings indicate that there is a negative
relationship between the EATR and FDI for EU members; however, when including the
pandemic crisis in the model, the results show a limited ability of tax strategies to attract
FDI, suggesting that FDI is more sensitive to crisis conditions than to changes in tax policies.

Furthermore, the asymmetric effects of tax competitiveness are a current topic of
academic discourse. Papers analyzing the influence of the EATR on FDI and the budget
balance are therefore particularly important. On one hand, almost all of the EU’s national
governments aim to attract FDI as investments are a component of the gross domestic
product (GDP) and they contribute to economic expansion. As result, FDI creates increased
employment, competition, technology transfer (Stanišić 2008), improved market position,
export growth, and inflow of foreign currency (Ercegovac and Beker Pucar 2022; OECD
2008). However, to increase tax competitiveness, economic policymakers are compelled to
reduce labor and capital taxes (rates and tax base), which has the unintended consequence
of causing budgetary instability (Todorova 2019). Dabla-Norris and Lima’s (2023) findings
imply that base broadening, as opposed to rate hikes, during fiscal consolidations causes
less output and employment declines. On the other hand, the opposite effects may occur
when the EATR drops as it could cause budget deficit deepening. Fernández-Rodríguez
et al. (2023) conclude that the tax burden, measured through the EATR in the G7 countries
(developed economies), is lower than in the BRICS countries (emerging economies). How-
ever, in exchange, to finance public spending, the G7 nations need to incur greater debt and
a larger deficit. The purpose of this paper is to fill the gap in the existing literature regarding
the asymmetric EATR impact on FDI influx and BB in European OECD economies using the
(non)linear (Pooled) Mean Group Estimator and the Common Correlated Effects Estimator,
considering the apparent scarcity of scientific papers dealing with this subject for European
economies that are Member States of both the EU and OECD.

3. Descriptive Analysis: EATR, FDI, and BB

Tax policies influence the capital owners’ decisions on the investments’ localization,
given that the main goal of business is profit maximization. Differences in tax rates,
especially corporate income tax rates, determine the location of investments. However,
the statutory tax rate is not a relevant signal for capital owners. Therefore, for investment
decision-making regarding the ‘host’ country, effective average tax rates are applicable. The
EATR includes the impact of the nominal tax rate and, in addition, depreciation, as well as
various tax benefits and exemptions, such as: (a) tax holidays; (b) R&D double deduction;
(c) royalty income relief; (d) incentives for investments in newly established companies
that perform innovative activities (Andresen et al. 2018). The EATR can be defined as the
quotient of the present discounted value of taxes and the present discounted value of the
profit that would be realized if there were no taxes (Arsić and Rand̄elović 2017):

EATR =
R∗ − R

π/(1 + r)
(1)

where R* represents the present discounted value of the economic rent that is distributed in
the absence of taxes, R is the present discounted value of the economic rent in the presence
of taxes, while π is the net profit before tax and r is the interest rate.

Empirical data related to European OECD economies show that the EATR has dis-
played decreasing tendencies from 1998 to 2021 (Figure 1). Furthermore, most of the
observed economies, especially the emerging, followed the EATR in Ireland. One of the



Risks 2023, 11, 219 5 of 18

most important reasons for Ireland’s success has been recorded as being its low EATR;
namely, the tax rate is notably below average, between 9.4% and 14.1% (Figure 1, panel
(b)). In the group of emerging economies, Slovakia notably decreased the EATR between
1998 and 2004, from 36.7% to 16.5%, slightly increasing it after 2013. Poland lowered the
EATR even before EU membership, from 32.4% to 17.1%; however, after the membership
year, the EATR was slightly raised to 17.5% and again lowered to 16% in 2019 (Figure 1,
panel (a)). In the group of developed economies, Germany and France had the highest
rate of EATR; however, France constantly decreased their EATR in the observed period,
from 39.2% to 28.1%. Another developed economy, Portugal, also applied a competitive tax
strategy of lowering the EATR between 1998 (33.4%) and the global financial crisis (23.7%);
subsequently, the EATR was increased (max to 28.4%) and again reduced to 21.4% (Figure 1,
panel (b)).
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FDI is a key element in the accelerated evolution of economic integration, as well as
globalization. FDI provides direct, long-term, and stable connections between economies,
and also improves the competitive position of the “host” economy. Namely, the FDI inflow
represents a significant source of capital, and, in addition, it encourages the exchange
of technology transfer and knowledge between economies (Stanišić 2008), which further
enables the “host” economies to penetrate international markets (OECD 2008). With the
right policy framework, FDI can ensure financial stability, promote economic development,
and improve the well-being of societies (Kostin et al. 2021). Therefore, FDI has become
the primary focus of economic policymakers as a result of its increasing significance over
time (Moosa and Merza 2022). Namely, national governments are motivated to adopt tax
strategies that provide incentives, i.e., represent a stimulus for the FDI influx.

From the beginning of the observed period until 2003, most of the 22 European OECD
economies detected a rise in the influx of foreign capital (Figure 2). However, prior to
joining the EU, emerging economies, such as the Czech Republic, Slovakia, and Lithuania,
experienced a drastic drop (Figure 2, panel (a)). A significant decline in FDI inflow in
the observed European OECD economies was recorded after the outbreak of the global
financial crisis and after pandemic crisis. Consequently, FDI inflows did not return to
their pre-crisis level despite their continued growth in most of the observed economies,
with the exception of the following developed economies: France, Spain, Poland (Figure 2,
panel (b)).
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The EU’s fiscal framework has two dimensions: (a) the establishment of a fiscal union
through greater risk sharing, shared borrowing, and a common EU budget in terms of size
and utilisation; (b) the creation and implementation of fiscal regulations at the EU level
that are applied to national fiscal policies (Blanchard et al. 2021). However, due to fiscal
sovereignty, the design of fiscal rules is of primary importance. There are undoubtedly
a variety of elements that affect the financial effort that policymakers can sustain. The
functioning of fiscal policy is becoming more heterogeneous as a result of pressure from
the divergences among key macroindices in the EU economies (Glavaški et al. 2022a).
Thus, budget balance depends on current government expenditures, on one hand, and
government revenue levels, on the other hand, and, consequently, on the ability to raise tax
rates and broaden tax bases.

Many EU economies suffered from a high deficit and entered into an excessive deficit
procedure (Figure 3). The global crisis caused higher indebtedness in the period 2008–2010,
which accompanied the decrease in GDP in the years of the global, which crisis determined
a sharp increase in public expenditure, creating a deeper budget deficit. In the period
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2011–2019, the fiscal balance positions of the European OECD economies were improved,
until the pandemic crisis.
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4. Methodology and Data

The research panel data econometric framework enables the investigation of the long-
term relationships over time and across European OECD countries between the EATR
and FDI, as well as between the EATR and BB. The whole sample contains the data on 22
European OECD economies (N = 22), 14 developed and 8 emerging economies, and the
total observed period is 1998–2021 (T = 24), meaning a large panel (macro panel). Given the
availability of EATR-related data, that was the longest period. Longer time dimensions re-
quire taking cross-section dependence, heterogeneity between panels, and (non)stationarity
into consideration. Specifically, compared to the asymptotic of conventional large N and
small T dynamic panels, the asymptote of large N and large T dynamic panels differs.
(Blackburne and Frank 2007). Small T panel estimation usually relies on fixed- or random-
effects estimators, based on pooling individual groups and allowing only the intercepts
to differ across the groups. Nonetheless, it is frequently incorrect to assume that the slope
parameters are homogeneous in large T panels. In this paper, we use methods with large
T dynamic panels in order to analyze: (a) Hypotheses (H1, H1a, H1b), (H2, H2a, H2b),
using MG vs PMG Estimator; (b) Hypotheses (H1c), (H2c) through non-linear PMG vs. MG
Estimator; (c) robust panel estimation through CCE.

4.1. Pooled Mean Group vs. Mean Group Estimator

In macro panels, the assumptions of the stationarity and homogeneity of the slope
parameters are often incorrect (Im et al. 2003); therefore, we used Mean-Group (MG) and
Pooled Mean-Group (PMG) techniques to estimate non-stationary heterogeneous panels.
While PMG is based on an equal long-run relationship across all panel units and the
averaging of coefficients, MG is based on the estimation of N time-series regressions and
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averages coefficients. The only distinction between the two models is the restriction in
long-run coefficients as the short-run adjustments are heterogeneous in both. The Hausman
test could be used to distinguish whether to use the MG or PMG estimator (Hausman
1978). As those methods are defined as panel error-correction models, the model could be
described as:

∆yit = ϕi(yit−1 − θiXit) + ∑p−1
j=1 λij∆yit−1 + ∑q−1

j=0 δij∆Xit−j + µi + uit (2)

where the cross-section units are represented by i = 1, 2,. . ., N; the number of periods t = 1,
2,. . ., T; Xit is a kx1 vector of explanatory variables; ϕi is the error-correction parameter,
indicating the speed of adjustment to a long-run equilibrium relationship for each European
OECD economy. If a long-run relationship exists and the variables indicate a return to
the long-run equilibrium, the error correction parameter should be significantly negative;
otherwise, ϕi = 0 means that there is no evidence regarding long-run equilibrium. θi
represents a long-run equilibrium relationship between variables; λij is the coefficient of
the lagged dependent variable; δit is the short-run parameter for each panel unit (European
OECD economy); uit represents individual effects; and uit is the stochastic disturbance term.

Using the described specification, we estimated the following models:

∆FDIit = ϕi(FDIit−1 − θiEATRit) + ∑p−1
j=1 λij∆FDIit−1 + ∑q−1

j=0 δij∆EATRit−j + µi + uit (3)

where the dependent variable FDI represents foreign direct investment in USD of 22 Euro-
pean OECD economies during the period 1998–2021 obtained by the World Bank.

∆BBit = ϕi(BBit−1 − θiEATRit) + ∑p−1
j=1 λij∆BBit−1 + ∑q−1

j=0 δij∆EATRit−j + µi + uit (4)

where the dependent variable BB represents the budget balance as percentage of GDP for
22 OECD, while the variable EATR shows the effective average tax rates for each European
OECD economy during the period 1998–2021, based on the Devereux/Griffith methodology
available in the paper by Spengel et al. (2019). Using the Devereux/Griffith methodology,
we downloaded data from the EU project, Effective tax levels. This provided accurate data
on the effective average tax rates, which we identified to be more reliable for our analysis
than corporative tax rates. In the case of FDI localization and its relationship with the EATR,
as well the relationship between the EATR and budget balance in examining the long-term
relationship between those variables, PMG and MG estimators are especially useful and
might be anticipated to be homogeneous across the European OECD economies. On the
contrary, short-run coefficients would differ depending on the characteristics of the European
OECD economies and would indicate how quickly the long-run relationship is adjusted.
Hypotheses H1a and H2a are tested on the sample adjusted in the dimension N, separating
the data into two clusters, developed and emerging European OECD economies, while
hypotheses H1b and H2b are tested on the sample adjusted in the dimension T, separating the
data into two sub-periods, precrisis (1998–2007) and crisis period (2008–2021).

Non-Linear Pooled Mean Group Estimator

The specification of the nonlinear asymmetric model, established by Shin et al. (2014),
decomposes the EATR into a partial sum of the decomposition of positive and negative
changes (EATRincre and EATRincre, respectively). Partial sum processes of positive and
negative changes are defined as:

EATRincreit = ∑t
j=1 ∆EATRincreit =∑t

j=1 max (∆EATRit, 0) (5)

EATRdecreit = ∑t
j=1 ∆EATRdecreit =∑t

j=1 min (∆EATRit, 0) (6)
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Those positive and negative changes are included in the model, represented by Equation (7)
and (8), defining the new specifications:

∆FDIit = ϕi(FDIit−1 − θiEATRincreit) + ϕ2(FDIit−1 − θiEATRdecreit)+

∑
p−1
j=1 λij∆FDIit−1 + ∑

q−1
j=0 δij∆EATRincreit−j + ∑

q−1
j=0 δij∆EATRdecreit−j + µi + uit

(7)

∆BBit = ϕi(BBit−1 − θiEATRincreit) + ϕ2(BBit−1 − θie f EATRdecreit)+

∑
p−1
j=1 λij∆BBit−1 + ∑

q−1
j=0 δij∆EATRincreit−j + ∑

q−1
j=0 δij∆EATRdecreit−j + µi + uit

(8)

4.2. Robust Check—Common Correlated Effects (CCE)

As the aforementioned models do not include cross-sectional dependence, the method
of Common Correlated Effects (CCE) is applied in the research in order to check the robust-
ness of the PMG model. Common factor model representation allows for nonstationarity
in dependent variables, observed and unobserved factors, various types of cointegration
(between dependent and explanatory variables, between dependent, explanatory variables
and some of the unobserved factors), heterogeneity of parameters, endogeneity, and cross-
section dependency. Moreover, the common factor approach is able to separate the impact
of regressors and the impact of unobserved common factors when the same common factor
drives both inputs and outputs (Eberhardt and Teal 2009). The most famous method for
common factor model estimation is Pesaran’s (2006) Common Correlated Effects (CCE)
method, which is robust for cross-section dependency and allows for parameter heterogene-
ity. In this paper, we are interested in methods which are robust to cross-section dependency,
and which allows heterogeneous parameters and heterogeneous factor loadings, such as
the CCE method, in order to undertake robustness check.

5. Empirical Results and Discussion
5.1. Heterogeneous Effects of EATR on FDI and BB: Pooled Mean Group vs. Mean Group
Estimator Results

The following empirical steps are part of the process used to determine the short-
and long-term dynamic estimates and relationship between the EATR and FDI and the
EATR and BB (Hypotheses (H1) and (H2)). Considering the analyzed sample in the longest
possible period (1998–2021) for the 22 European OECD economies, the cross-sectional
dependence (CSD) in the panel is tested first. The results of the Pesaran CD test are
presented in Table 1 and simultaneously represent the analysis related to Hypothesis
(H1) (for EATR and FDI) and Hypothesis (H2) (for EATR and BB), implying that the null
hypothesis of cross-section independency must be rejected for the variables EATR, FDI,
and BB. The strong institutional framework in EU economies and common policies—such
as the common market, common agricultural policy, customs union, tax harmonisation,
and finally monetary union for some of the European OECD economies—which inevitably
result in connections, spillover effects, and dependencies between EU countries, are the
causes of the detected dependence (Glavaški et al. 2022b).

Due to the CSD test results, the Pesaran CIPS test (2007), a second-generation panel
unit root test, is utilized, allowing for CSD. Unit root tests do not reject the null hypothesis
of non-stationarity, which means that the variables FDI and EATR are non-stationary, as
well as the variable BB. After that, the stationarity of the first differences was tested, and the
results show that all variables are stationary (Table 1). Due to the existence of CSD, a robust
version of Westerlund’s test is used to test the cointegration. According to the Westerlund
test results, the alternative hypothesis of cointegration is accepted for both models, and the
null hypothesis of no cointegration is rejected. (Table 1).
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Table 1. Pesaran CD test, Pesaran CIPS test and Westerlund cointegration test.

Variables Pesaran
CD Test p-Values Lags

Pesaran (CIPS)
Test in the

Level
p-Values

Pesaran (CIPS)
Test at the

First Differences
p-Values Westerlund

Cointegration Test p-Values

Sample: 22 European OECD economies; period 1998–2021

EATR 37.97 0.000

0 −1.190 0.117 −13.937 0.000

Pt −9.552 0.0001 −1.566 0.059 −5.892 0.000

2 −1.003 0.158 −3.881 0.000

FDI 10.36 0.000

0 −7.694 0.000 −19.935 0.000

Pa −6.782 0.0001 −2.479 0.007 −14.416 0.000

2 0.396 0.654 −5.586 0.000

Sample: 22 European OECD economies; period 1998–2021

EATR 36.35 0.000

0 −1.190 0.117 −13.937 0.000

Pt −9.640 0.0001 −1.566 0.059 −5.892 0.000

2 −1.003 0.158 −3.881 0.000

BB 33.93 0.000

0 −0.758 0.224 −17.016 0.000

Pa −6.887 0.0001 1.450 0.926 −5.186 0.000

2 2.163 0.985 −2.929 0.002

Source: Authors based on Stata 15.

The homogeneous coefficients in the model estimated by PMG and MG are shown
in Table 2 (panel (a)). In the case of PMG, the cointegration vector is significant and
between 0 and 1, indicating a negative long-run relationship between FDI and the EATR. A
negative relationship is expected as the EATR reduction affects the FDI influx. A long-term
relationship between the EATR and the FDI was found using the Mean Group estimator, as
well as significant and heterogeneous error-correction parameters, indicating that the rate
of adjustment towards equilibrium differs. The error-correction coefficients show a fiscal
adjustment—about 70.3% of the deviations from the long-run equilibrium relationship are
corrected in one year according to the PMG method, and in the case of the MG method,
72.4% of deviations are corrected. However, using the Hausman test, the PMG model
was revealed to be more efficient, and thus the dynamics of the heterogeneous adjustment
coefficient were analyzed using the PMG model. Furthermore, we separately analyzed
two clusters (Table 2, panel (c), (e)). One represents 14 high-income (developed) economies
and the second represents 8 low-income (emerging) European OECD economies. Using
divided models, the results from PMG suggest that there is a more intensive long-term
relationship between FDI and the EATR in developed (−1.678) than in emerging European
OECD economies (−1.271). The error correction shows a fiscal adjustment—about 86.2%
(developed economies) and 66% (emerging economies). Thus, developed economies are
more successful (in comparison to emerging economies) in attracting FDI through tax
competitiveness—i.e., by decreasing the EATR.

As that Hausman test suggested that the PMG method of estimation is more efficient,
the heterogeneous adjustment coefficients will be analyzed using the PMG estimator
(Table 3).

The primary advantage of using heterogenous panels is the estimates of each Eu-
ropean OECD economy in the context of error-correction parameters. The correction of
the equilibrium error (Table 3, panel (a)), which indicates adjustments towards long-term
equilibrium is significant and negative in emerging European OECD economies, including
Czech Republic, Estonia, Latvia, Lithuania, Hungary, Poland, Slovenia, Slovakia, and devel-
oped European OECD economies: Austria, Belgium, Denmark, Finland, France, Germany,
Greece, Ireland, Italy, Luxembourg, Netherlands, Portugal, Spain, Sweden. In one emerging
economy (Czech Republic) and in four developed economies (Denmark, Finland, Italy, and
Spain), an adjustment coefficient greater than 1 was detected, indicating overcorrection.
Therefore, the speed of adjustment towards equilibrium is highest in: (a) France, followed
by Portugal, meaning that those open developed economies are using tax competition in
the context of EATR reduction (from 39.8% to 33.5%; from 33.4% to 21.4%, respectively); (b)
Slovakia—a small open emerging economy which has sharply reduced the EATR in the
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context of tax competition (from 36.7% to 18.7%). On the other hand, the error-correction
parameter is not significant in Lithuania and Hungary (constant EATR about 19% till 2016),
indicating that FDI influx in those countries is determined more by other factors rather
than tax competition.

Table 2. PMG and MG estimator results for homogeneous coefficient for European OECD economies
(developed and emerging) in the period 1998–2021.

Sample: 22 European OECD Economies; Period 1998–2021

Dependent Variable: FDI
Panel (a)

Long-Run
Equilibrium (θ) Error-Correction (Φi) Dependent

Variable: BB Panel (b)
Long-Run

Equilibrium (θ) Error-Correction (Φi)

Coef. p-Value Coef. p-Value Coef. p-Value Coef. p-Value

MG −0.0519 0.523 −0.724 0.000 MG 0.144 0.118 −0.486 0.000

PMG −0.098 0.006 −0.703 0.000 PMG 0.182 0.001 −0.446 0.000

Hausman test statistic 0.5537 Hausman test statistic 0.6258

Sample: 14 Developed European OECD economies; period 1998–2021

Dependent
variable: FDI

Panel (c)
Long-Run

Equilibrium (θ) Error-Correction (Φi) Dependent
variable: BB Panel (d)

Long-Run
Equilibrium (θ) Error-Correction (Φi)

Coef. p-Value Coef. p-Value Coef. p-Value Coef. p-Value

MG −2.745 0.785 −0.852 0.000 MG 0.116 0.383 −0.500 0.000

PMG −1.678 0.002 −0.826 0.000 PM 0.210 0.001 −0.453 0.000

Hausman test statistic 0.9053 Hausman test statistic 0.4312

Sample: 8 Emerging European OECD economies; period 1998–2021

Dependent variable: FDI
Panel (e)

Long-Run
Equilibrium (θ) Error-Correction (Φi) Dependent

variable: BB Panel (f)
Long-Run

Equilibrium (θ) Error-Correction (Φi)

Coef. p-Value Coef. p-Value Coef. p-Value Coef. p-Value

MG −2.051 0.245 −0.726 0.000 MG 0.193 0.078 −0.463 0.000

PMG −1.271 0.000 −0.660 0.000 PMG 0.126 0.006 −0.435 0.000

Hausman test statistic 0.3980 Hausman test statistic 0.3152

Source: Authors based on Stata 15. Note: Heterogeneous coefficients of models (c), (d), (e) and (f) are not presented
in the table, however, those coefficients are available upon request.

Hypothesis (H2) is oriented to the impact of changes in the EATR towards BB in European
OECD economies. The homogeneous coefficients in the budget balance model (Table 2, panel
(b)) show that the cointegration vector is significant and between 0 and 1, indicating a positive
long-run relationship between the EATR and BB. This means that an increase in the EATR could
affect budget surpluses, while an EATR reduction could negatively affect budget balance. The
error-correction coefficients show a fiscal adjustment—about 44.6% of the deviations from a
long-run equilibrium relationship are corrected in one year according to the PMG method,
whereas in the case of the MG method, 48.6% of deviations are corrected. The Hausman
test indicated that PMG is the optimal model. The homogeneous coefficients in the budget
balance models for two clusters (developed and emerging) (Table 2, panel (d) and (f)) show
that the cointegration vector is significant and between 0 and 1, indicating a long-run
relationship between the EATR and BB, meaning that an EATR reduction could negatively
affect budget balance in both group of economies. The vulnerability to deficit deepening
due to tax reduction is similar in both groups of economies. Thus, our primary conclusion
based on the whole sample is confirmed due to the similar long-run and error-correction
parameters in the developed and emerging European OECD economies.

Furthermore, the homogeneous coefficients in the preferred Pooled Mean Group esti-
mator revealed a long-run relationship between the EATR and BB, while the error-correction
parameters are significant and heterogeneous, showing that the speed of adjustment to-
wards equilibrium is different. The error-correction term indicating correction towards
long-run equilibrium is significantly negative (Table 3, panel (b)) in emerging European
OECD economies, such as Czech Republic, Estonia, Latvia, Hungary, Poland, Slovenia,
and in developed European OECD economies: Austria, Belgium, Denmark, Finland, Ger-
many, Ireland, Italy, Luxembourg, Netherlands, Portugal, Spain, Sweden. The speed of
adjustment towards equilibrium is highest in: (a) Luxembourg, meaning that in this small
open developed economy, tax competition is used in the context of effective average tax
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rates (from 32.6% to 21.8%); (b) Czech Republic, indicating that, in the context of effective
average tax rates, this open emerging economy uses tax competition (from 26.4% to 17.0%).
On the other hand, the error-correction parameter is not significant in Lithuania, Slovakia,
France, and Greece, implying that other factors are dominant in explaining the budget
balance, in addition to the EATR.

Table 3. PMG estimator results for heterogeneous coefficient for European OECD economies in the
period 1998–2021.

Sample: 22 European OECD Economies; Period 1998–2021

(a) Dependent Variable: FDI (b) Dependent Variable: BB

PMG Estimator Error-Correction
(Φi) ∆EATR Error-Correction

(Φi) ∆EATR

Emerging European
OECD Economies Coef. p-Value Coef. p-Value Coef. p-Value Coef. p-Value

Czech −1.215 0.000 −0.0508 0.614 −0.7058 0.002 0.245553 0.559

Estonia −0.364 0.026 0.066 0.418 −0.2912 0.043 0.39071 0.381

Latvia −0.357 0.022 0.0321 0.431 −0.5860 0.009 0.0605 0.829

Lithuania −0.245 0.141 0.0075 −0.075 −0.3207 0.135 −0.2693 0.344

Hungary −0.056 0.603 0.115 0.108 −0.4261 0.012 −0.1321 0.435

Poland −0.692 0.000 0.0109 −0.0486 −0.4004 0.016 −0.114 0.593

Slovenia −0.531 0.002 0.3158 0.048 −0.552 0.004 0.3822 0.474

Slovakia −0.7789 0.000 0.037 0.220 −0.1721 0.251 −0.2038 0.227

Developed European OECD economies

Austria −0.897 0.001 −0.0098 0.924 −0.6625 0.003 −0.0941 0.695

Belgium −0.7156 0.020 −0.032 0.621 −0.6331 0.002 −0.0505 0.840

Denmark −1.01 0.000 −0.104 0.225 −0.306 0.036 −0.3181 0.539

Finland −1.133 0.000 0.061 0.383 −0.389 0.025 −0.2825 0.473

France −0.9503 0.000 0.0047 0.018 −0.233 0.078 −0.170 0.615

Germany −0.733 0.001 0.023 0.487 −0.5338 0.003 0.3909 0.045

Greece −0.476 0.000 0.073 0.025 −0.2321 0.090 −0.272 0.018

Ireland −0.5023 0.023 −0.005 0.927 −0.399 0.017 −0.251 0.808

Italy −1.037 0.000 −0.0028 0.973 −0.324 0.043 −0.221 0.804

Luxembourg −0.727 0.019 −0.122 0.457 −0.829 0.000 −0.298 0.236

Netherlands −0.346 0.044 −0.026 0.43 −0.579 0.002 −0.396 0.283

Portugal −0.925 0.000 0.1283 0.009 −0.481 0.005 0.0485 0.914

Spain −1.313 0.000 0.0341 0.201 −0.394 0.016 −0.887 0.138

Sweden −0.450 0.050 0.204 0.148 −0.3793 0.021 −0.0364 0.947

Source: Authors based on Stata 15.

It appears that while making decisions on the EATR, policymakers are primarily
focused on FDI inflow via EATR reduction in European OECD economies, and that they
are faced with a trade-off between FDI attractiveness and budget deficit widening due to
tax competition. For economies with an already high EATR rate, a worldwide minimum
tax rate initiative would thus have less detrimental consequences and limited beneficial
implications on budget balance.

5.2. Asymmetric Effects of EATR on FDI and BB: Before and after Crisis (Pooled) Mean Group
Estimator Results

Section 3, related to the descriptive analysis of key variables in the analysis, showed
that European OECD economies were affected by the global financial crisis (2008–2009),
indebtedness crisis (2008–2010), and pandemic crisis (2020–2021). Due to the spillover
effects of these crisis in the European OECD economies, we separated the sample into two
sub-samples: first, covering the relatively stable period of 1998–2007 (pre-crisis period), and
second, covering the period characterized by global instabilities, 2008–2021 (crisis period).

The homogeneous coefficients in the models (pre-crisis and crisis period) estimated by
PMG and MG are shown in Table 4 (panel (a), (c)). In the case of the PMG model for the
observed period before the global financial crisis, the cointegration vector is significant and
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between 0 and 1, indicating a long-run relationship between FDI and the EATR. A negative
relationship is expected as an EATR reduction affect FDI influx. Furthermore, a negative
relationship is revealed for the PMG model which includes global crises (financial, debt,
and pandemic crisis). The long-run relationship is higher in the model that estimated the
period before crisis (−1.957). Namely, it was a phase of expansion, during which greater
FDI inflows and tax competition occurred; i.e., the policy of decreasing the EATR began.
The subsequent FDI influx drop was a result of the global financial and pandemic crises;
thus, the EATR reduction did not significantly attract FDI.

Table 4. PMG and MG estimator results for homogeneous coefficient for European OECD economies
in two subperiods: 1998–2007 and 2008–2021.

Sample: 22 European OECD Economies; Period before Global Crisis 1998–2007

Dependent Variable: FDI
Panel (a)

Long-Run Equilibrium
(θ) Error-Correction (Φi) Dependent Variable:

BB Panel (b)
Long-Run Equilibrium

(θ)
Error-Correction

(Φi)

Coef. p-Value Coef. p-Value Coef. p-Value Coef. p-Value

MG −0.202 0.309 −0.161 0.034 MG 0.667 0.017 −0.735 0.000

PMG −1.957 0.000 −0.691 0.000 PMG 0.764 0.000 −0.453 0.000

Hausman test statistic 0.2687 Hausman test statistic 0.7554

Sample: 22 European OECD Economies; Period after Global Crisis 2008–2021

Dependent Variable: FDI
Panel (c)

Long-Run Equilibrium
(θ) Error-Correction (Φi) Dependent Variable:

BB Panel (d)
Long-Run Equilibrium

(θ)
Error-Correction

(Φi)

Coef. p-Value Coef. p-Value Coef. p-Value Coef. p-Value

MG −2.97 0.334 −1.013 0.000 MG 1.017 0.448 −0.762 0.000

PMG −1.290 0.028 −0.938 0.000 PMG 0.078 0.035 −0.573 0.000

Hausman test statistic 0.4273 Hausman test statistic 0.5560

Source: Authors based on Stata 15. Note: Heterogeneous coefficients of models (a), (b), (c) and (d) are not
presented in the table and are available upon request.

The homogeneous coefficients in both the pre-crisis and crisis budget balance models
(Table 4, panel (b), (d)) show that the cointegration vector is significant and between 0
and 1, indicating a positive long-run relationship between the EATR and BB, meaning
that an EATR reduction could negatively affect budget balance. However, the impact of
changes in the EATR towards BB in European OECD economies before and during the crisis
significantly differs (0.764 and 0.078; respectively). The tax policies before the crisis had
a notably greater influence on the budget balance; however, after the crisis, other factors
determined deficit deepening; namely, high deficits were not primarily a consequence of
cutting the EATR.

5.3. Asymmetric Effects of EATR on FDI and BB: Nonlinear Pooled Mean Group vs. Nonlinear
Mean Group Estimator Results

The homogeneous coefficients in the model (FDI and EATR) estimated using nonlinear
PMG and MG are shown in Table 5 (panel (a)). The results of the nonlinear PMG show
the asymmetric effects of EATR changes on FDI in European OECD economies in the
observed period (H1a). The negative sign indicates that an increase in EATR discourages
investments, while a decrease in the EATR increases FDI—the main results are unchanged.
The asymmetry is indicated by the magnitude of their different coefficient values. The
homogeneous coefficients of the preferred (based on Hausman test) nonlinear Pooled Mean
Group estimator revealed a long-run relationship between the EATR decrease and the FDI,
showing that a decrease in the EATR (0.2664) has a stronger effect on FDI attraction in
comparison to an increase in EATR (0.125). Furthermore, the positive sign indicates that a
decrease in EATR deepens the budget deficit, while an increase in EATR decreases the deficit
(Table 5, panel (b)). Again, the main results are unchanged—the asymmetry is indicated
only by the magnitude of their different coefficient values (H2a). The homogeneous
coefficients of the preferred nonlinear Pooled Mean Group estimator revealed a long-run
relationship and indicated that a decrease in EATR (0.338) again has a more intensive effect
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on deficit deepening in comparison to the contribution of an EATR increase (0.214) on
deficit reduction.

Table 5. Nonlinear PMG and MG estimator results for homogeneous coefficients for European OECD
economies in the period 1998–2021.

Sample 22 European OECD Economies; Period 1998–2021

Dependent Variable:
FDI Panel (a)

Long-Run
Equilibrium (θ)

Error-Correction
(Φi)

Dependent Variable:
BB Panel (b)

Long-Run
Equilibrium (θ)

Error-Correction
(Φi)

Coef. p-Value Coef. p-Value Coef. p-Value Coef. p-Value

MG
EATRdecre −0.594 0.318

−0.765 0.000 MG
EATRdecre 0.147 0.644

−0.504 0.000EATRincre −0.560 0.335 EATRincre 0.311 0.228

PMG
EATRdecre −0.2664 0.008

−0.705 0.000 PMG
EATRdecre 0.338 0.001

−0.454 0.000EATRincre −0.125 0.000 EATRincre 0.214 0.000

Hausman test statistic 0.3915 Hausman test
statistic 0.486

Source: Authors based on Stata 15.

Finally, the results of the nonlinear PMG showed that a decrease in the EATR has
stronger effect on FDI attraction in comparison to an increase in EATR, which is recognized
by policymakers. Both positive and negative changes to the EATR have a significant effect
on FDI, but negative EATR changes have a greater impact on FDI attraction than positive
EATR changes on FDI dislocation. On the other hand, the nonlinear PMG indicated that the
effect of a decrease in the EATR on deficit deepening is more intensive in comparison to the
contribution of an EATR increase. Therefore, policymakers are facing a trade-off related to
FDI attraction/budget deficit deepening when they make decisions in relation to the EATR.

5.4. Robustness Check

A robustness check using different methods of estimation was conducted using the
Pesaran (2006) CCEMG method (Table 6). In the first part of Table 6, the homogeneous
parameters are represented. According to the homogenous parameters, EATR lowering
has positive effects on FDI influx, which is in accordance with the PMG estimation results.
Other significant control variables included in the model are the long-run interest rate and
dummy variable representing crisis conditions (dummy variable takes value 1 during the
crisis 2008–2010 and 2020–2021, otherwise 0). Lowering the interest rate attracts FDI, while
in the crisis years, the inflow of FDI was reduced. Moreover, the negative relationship
revealed by PMG, between EATR and BB, is confirmed. Table 6represents a model that
focuses on the EATR as a key variable; however, we included other control variables in the
model, such as GDP per capita growth and labor force (labor). Those variables positively
affect the budget balance, insuring a lowering of the budget deficit. It is expected that the
reduction in the EATR has a negative impact on budget balance, which is confirmed in the
CCE model with the positive sign and significant variable EATR. Otherwise, increasing the
EATR would lead to positive effects on BB.

The conclusions related to the robustness check using the alternative method are:
(1) the same variables, EATR, with the same sign, significantly determine FDI, as in the case
of the previously applied PMG method; (2) EATR with the same sign and similar intensity
influences budget balance, meaning that a decrease in EATR deepens the budget balance.
Hence, we could claim that the results are stable across the alternative estimators.
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Table 6. Nonlinear PMG and MG estimator results for homogeneous coefficient for European OECD
economies in the period 1998–2021.

22 European OECD Economies; Period 1998–2021

Dependent Variable:
FDI

Homogenous
Coefficient

Dependent Variable:
BB * Homogenous Coefficient

Coef. p-Value Coef. p-Value

EATR −0.919 0.047 EATR 0.150 0.044

Long_IR −0.477 0.087 gdppc_growth 0.099 0.000

Dummy_crisis −0.318 0.000 Labor 4.156 0.083

* Augmented Common Correlated Effects method (AUG) is applied. Source: Authors based on Stata 15.

6. Conclusions

Tax competition between economies imposes constant competition that involves lower-
ing corporate income tax rates and narrowing tax bases in order to attract FDI and increase
economic growth. However, there is a risk that such tax strategies could have negative
repercussions on tax revenues, and more precisely, on the budget balance in European
OECD economies. This research contributes to the literature that analyzes the impacts
of EATR changes on FDI localization by focusing on European OECD economies, which
includes a heterogeneous sample, including both developed and emerging economies.
The paper’s main findings can be summarized as follows: (i) The results of the panel
models (PMG estimator) based on twenty-two European OECD economies for the period
1998–2021 show that a significant long-run relationship between EATR dynamics and
FDI inflow exists, while the error-correction parameters show significant heterogeneity,
indicating that the speed at which European OECD economies adjust to equilibrium dif-
fers. However, the highest adjustment parameter is estimated in the economies that have
reduced the EATR the most (emerging economies: Slovakia—reduction of 18%, developed
economies: Portugal—reduction 12%). Meanwhile, in some economies, the adjustment
is not significant—in these cases, the fluctuations of FDI inflow could not be explained
predominantly by a lowering of the EATR; rather, it is necessary to take a broader set of
potential determinants of FDI localization into consideration. (ii) Furthermore, the results
of the nonlinear PMG showed that a decrease in the EATR has a stronger effect on FDI
attraction in comparison to an increase in EATR, which is recognized by policymakers. This
study finds that positive and negative EATR changes significantly affect FDI; hence, the
long-run asymmetry is discovered by identifying the unequal coefficient values between
an increase and decrease in EATR, while an EATR decrease has a greater effect on FDI than
an EATR increase. This means that both long-run EATR positive and negative changes
have a significant effect on FDI, but negative EATR changes have a greater impact on FDI
attraction than positive EATR changes on FDI dislocation. (iii) The results showed that
an EATR reduction can influence fiscal deficit deepening, with heterogeneous effects in
European OECD economies. According to the empirical analysis, we concluded that the
speed of adjustments towards equilibrium is different across European OECD economies
(emerging economies: Czech Republic, developed economies: Luxemburg), while in some
economies, adjustment is not significant, meaning that the EATR is not a crucial factor for
the sustainability of public finance in those economies. (iv) The more detailed, nonlinear
PMG indicated that the effect of a decrease in the EATR on deficit deepening is more inten-
sive in comparison to the contribution of an EATR increase. (v) The clusters’ differentiations
show a stronger long-run relationship between FDI and an EATR reduction in developed
in comparison to emerging European OECD economies, while the vulnerability to deficit
deepening due to an EATR reduction is similar in both groups of economies. (vi) The PMG
estimator’s findings indicate that the long-term relationship was stronger prior to the crisis
as the global crises lowered the ability of tax policy (cutting EATR) to attract FDI. (vii) The
Common Correlated Effects model is implemented as a robustness check as this method
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includes cross-sectional dependence. The CCE model confirmed the conclusions based on
the PMG model in relation to the long-run relationship between the EATR and FDI, and
between the EATR and BB.

In summary, due to tax competition, it seems that policymakers are facing a trade-off
related to FDI attraction/budget deficit deepening when they make decision regarding the
EATR, and that they are mostly oriented toward FDI inflow through EATR reduction in
European OECD economies. Therefore, a global minimum tax rate initiative would have
fewer negative effects on economies with an already higher EATR rate and a limited positive
impact on budget balance. Thus, it is imperative for policymakers to: (i) further evaluate
the benefits/drawbacks of tax competition, given that tax competition, in addition to the
confirmed success of FDI influx, may also negatively affect budget balances; (ii) examine
the specific effects of tax coordination/competition on crucial macroeconomic variables
(economic growth, budget balance, FDI inflow, equality, public revenues) in heterogenous
economies worldwide in order to prevent further harmful spillover to the most vulnerable
economies. In future research, we would also include an exemplary new Fourier-based
type-2 fuzzy neural network method (Mohammadzadeh et al. 2023), which is simple and
effective for high-dimensional problems; moreover, it can be used as an approach for
modeling and analyzing uncertain data.
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