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µέλος της Συµβουλευτικής Επιτροπής. Όντας ο ίδιος, ένας ακαδηµαϊκός δάσκαλος 

που συνδυάζει µε µοναδικό τρόπο την ακαδηµαϊκή γνώση και έρευνα µε την πράξη, 

µε ενέπνευσε και µε επηρέασε στην επιλογή του θέµατος της παρούσης διατριβής. 

∆εν υπάρχουν λόγια να εκφράσω την ευγνωµοσύνη µου για την συνεισφορά του 
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ψυχολογικής υποστήριξης (ευτυχώς για εµένα µα ενδεχόµενα ατυχώς για την ίδια), 
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ανάγκη να ευχαριστήσω εκείνους τους ανθρώπους που σχετίστηκαν εκουσίως ή 

ακουσίως µε την διαδικασία αυτή, είτε µέσω του πανεπιστηµιακής κοινότητας, είτε 

µέσω της επαγγελµατικής, είτε µέσω της προσωπικής µου ζωής. Θέλω να γνωρίζουν 

ότι όλοι µε βοήθησαν, ίσως µε διαφορετικούς τρόπους, να φτάσω στην ολοκλήρωση 

αυτού του πονήµατος. 

Χωρίς αµφιβολία,  το πιο επώδυνο κοµµάτι αυτής της διαδικασίας ήταν αυτό της 

ανάγκης απόλυτης προσήλωσης σε µια υψηλών απαιτήσεων επιστηµονική έρευνα, 

έχοντας ταυτόχρονα το βαρύ φορτίο µιας πλήρους ωραρίου και ιδιαιτέρων 

απαιτήσεων επαγγελµατικής ενασχόλησης. Ήταν αυτός-ο αρχικά απρόβλεπτος µα 

µετέπειτα ανεξήγητος µε γνώµονα την κοινή πρακτική και την απλή λογική-ο 

παράγοντας που πολλές φορές µε εξώθησε πέρα από τα όρια της ανθρώπινης 

υποµονής, οδηγώντας µου κάποιες από αυτές τις φορές στο να πω αυτό ήταν, τα 

παρατάω όλα. Ευτυχώς, χάρη στο Θεό δεν το έκανα. Η κα. Στέλλα Καραγιάννη ήταν 

δίπλα µου στηρίζοντάς µε  διαρκώς. Της οφείλω το ότι κατόρθωσα να διεκπεραιώσω 

αυτό το τεράστιο (για τα δικά µου µέτρα) έργο. Προφανώς, αυτό δεν ήταν χωρίς 

προσωπικό κόστος. Απεναντίας, παραβλέποντας το υλιστικό κοµµάτι, θα ήθελα να 

απευθύνω µια συγνώµη στους ανθρώπους στους οποίους δεν αφιέρωσα τον χρόνο 

που τους άξιζε πραγµατικά. Σε αυτούς τους ιδιαίτερους ανθρώπους που πίστεψαν σε 

εµένα και στεκόντουσαν πάντα δίπλα µου ανεχόµενοι πολλές από τις 

δικαιολογηµένες ή αδικαιολόγητες ιδιοτροπίες µου. Ένα τεράστιο ευχαριστώ µοιάζει 

στα αλήθεια τόσο ελάχιστο, όταν χρειάζεται να αναφερθώ στη βοήθεια και τη 

παρουσία της µητέρας µου, σε αυτόν τον άνθρωπο που απλά έκανε τα πάντα για 

εµένα, χωρίς καν να το ζητήσω. Αποτέλεσε και αποτελεί τη πηγή αγάπης, φωτός και 

ζεστασιάς. Χωρίς αυτόν τον άνθρωπο δεν θα υπήρχε τίποτα από τα παραπάνω.  

Τέλος, αν αυτός ο µαραθώνιος αγώνας δρόµου (ενδεχόµενα δεκάθλου κατά 

περίπτωση) άξιζε το κόπο, είναι κάτι που µένει να απαντηθεί. Ούτως ή άλλως, ο 

καθένας µας ως ένας άλλος Οδυσσέας, βρίσκεται να περιπλανάται µέσα σε αυτή τη 

ζωή, ψάχνοντας για τη Ιθάκη, για τη δική του Ιθάκη που αν και ποτέ δεν έχει τύχει να 

γνωρίσει και ίσως ποτέ δεν συναντήσει µε τον τρόπο που περιµένει…στο τέλος της 

δικής του διαδροµής, θα κληθεί να αποδώσει σε έναν ταπεινό επίλογο της δικής του 

µικρής Οδύσσειας.  

Το ταξίδι ήταν περιπετειώδες, αρκετά επικίνδυνο αλλά, παντελώς διδακτικό και 

µοναδικό ως εµπειρία. Αν ο στόχος επετεύχθη; ...Αυτό µένει να απαντηθεί…. και 

µόνο η ίδια η ζωή έχει την απάντηση. 
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ABSTRACT 

 

Corporate Tax Reform Acts are usually motivated by a country’s urgent need to raise 

corporate tax revenues, enhance entrepreneurship, stimulate productivity in the 

corporate sector, increase economic growth and, last but not least, to amplify the 

country’s competitiveness in raising Foreign Direct Investment inflows. Clearly, the 

mixture of needs and demands, as well as the policy tools used, varies from country 

to country and with the time of the action.  

This study offers a documented discussion of fiscal policy considerations exploring 

the interrelation paths (tax-effect transmission channels) among corporate income tax 

policy and certain factors of a country’s Real Economy and Capital Market. With 

regard to the Capital Market transmission channel, research has been undertaken 

based on data from the Athens Stock Exchange (ATHEX) for the period 2.1.1998-

16.10.2006. The methodologies employed include - inter alia - the use of up-to-date 

structural breaks and nonlinearity testing, leading to the implementation of event-

study experiments with the use of BEKK-GARCH models specifically modified to 

account for tax effects in the systematic risk modelling of bank returns’ series. 

With regard to the Real Economy, the factors discussed are those of the corporate 

income tax revenues, the GDP growth and the FDI inflow. The research starts with a 

theoretical corporate income tax rate adjustment model which is based on endogenous 

growth considerations and refers to theoretical nonlinear tax effects studied in the 

literature. The empirical research proceeds to capture the theoretical considerations in 

econometrically calibrated country-specific panel models. The tax-effects 

transmission path on the three factors of the Real Economy is explored in a group of 

12 OECD countries for the period 1982-2005. Finally, the study concludes with the 

investigation of a computational FDI-flow distribution model that encompasses the 

models calibrated at the previous stages. This probabilistic computational model is 

used to simulate alternative tax competition scenarios for the group of 12 OECD 

competing countries.  

According to the study’s findings, policy makers should consider the fact that market 

(case study of ATHEX) agents-investors may not believe corporate tax reforms to be 

either plausible or effective in real terms, and this attitude is evidently reflected in 

their investing behaviour. In terms of the Real Economy, a corporate tax rate 

adjustment seems to be an effective fiscal-policy tool in formulating public revenue 
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strategy in the long run. It should, however, be treated with caution, as it might have 

volatile effects. Additionally, when a government attempts to eliminate the corporate 

tax burden and also decrease public investment, it should as well consider economic-

growth stimulating strategies, to avoid recession. Regarding the tax effect on FDI 

flows, corporate income tax rate differentials are negatively and nonlinearly related to 

FDI-inflow differentials. Finally, with regard to the rumoured threat of corporate tax 

rates’ race to the bottom due to a world-scale corporate tax competition, simulations 

show that it does not seem to be a realistic scenario. Hence, OECD and EU tax 

administrations could reconsider the need for corporate income tax harmonisation and 

also, give special consideration to coordinating their member countries actions in 

such a way as to prevent the likely welfare losses stemming from corporate tax 

competition. 

 

Keywords: Corporate Income Tax Rates, Corporate Income Tax Revenues, GDP 

Growth, FDI Flows, Tax Competition, Nash Equilibrium, OECD, Stock 

Market, Systematic Risk. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



   

Ph.D Thesis by Anastasios Saraidaris                                                                                                x  

ΠΕΡΙΛΗΨΗ 
 
Οι µεταρρυθµίσεις στη φορολογία των επιχειρήσεων είναι συνήθως επιτακτικές όταν 

πραγµατοποιούνται και υπαγορεύονται από λόγους όπως, η  αύξηση των εσόδων από 

τη φορολόγηση των επιχειρήσεων, η αύξηση της επιχειρηµατικότητας, η ενίσχυση 

της παραγωγικότητας στις επιχειρήσεις, η οικονοµική ανάπτυξη και,  η προσέλκυση 

νέων ξένων άµεσων επενδύσεων. Προφανώς, το µίγµα αναγκών και απαιτήσεων 

όπως και αυτό των φορολογικών µέτρων που λαµβάνονται από µια χώρα, διαφέρει 

τόσο από χώρα σε χώρα,  όσο  και σε σχέση µε τον χρόνο κατά τον οποίο 

λαµβάνονται αυτές οι αποφάσεις. 

Η παρούσα µελέτη αποσκοπεί στην παροχή τεκµηριωµένων κατευθύνσεων 

φορολογικής πολιτικής οι οποίες προκύπτουν µέσα από τη διερεύνηση πιθανών 

διαύλων φορολογικών επιπτώσεων σε στοχευµένους παράγοντες της Πραγµατικής 

Οικονοµίας και της Κεφαλαιαγοράς. Αναφορικά µε την Κεφαλαιαγορά και τη 

διερεύνηση των φορολογικών επιπτώσεων, η έρευνα εστιάζεται στο Χρηµατιστήριο 

Αθηνών (Χ.Α.) και καλύπτει το διάστηµα από 2.1.1998 έως 16.10.2006. H 

µεθοδολογία που ακολουθείται-µεταξύ άλλων-αφορά σε ελέγχους δοµικών 

µεταβολών, ελέγχους µη γραµµικότητας ενώ, στο βασικό στάδιο έρευνας 

πραγµατοποιείται η διερεύνηση συµβάντος φορολογικών επιπτώσεων (tax event 

study). Για το σκοπό αυτό, χρησιµοποιούνται ειδικά τροποποιηµένα µοντέλα ΒΕΚΚ-

GARCH ώστε να ανιχνευτούν επιπτώσεις των φορολογικών µεταβολών στο 

συστηµaτικό κίνδυνο των αποδόσεων τραπεζικών µετοχών του  Χ.Α. 

Αναφορικά µε το κανάλι της Πραγµατικής Οικονοµίας, οι παράγοντες που 

διερευνώνται είναι: τα έσοδα από τη φορολογία εισοδήµατος επιχειρήσεων, η 

οικονοµική ανάπτυξη και οι ροές των ξένων άµεσων επενδύσεων.  Η  έρευνα αρχίζει 

µε την δηµιουργία ενός θεωρητικού υποδείγµατος το οποίο βασίζεται σε 

τεκµηριώσεις προερχόµενες από τη θεωρία ενδογενούς ανάπτυξης και σε θεωρητικές 

αναφορές περί µη γραµµικής επίδρασης των φορολογικών συντελεστών. Η εµπειρική 

διερεύνηση προχωρά µε τη κατασκευή εξατοµικευµένων ανά χώρα οικονοµετρικών 

µοντέλων πάνελ, που αποδίδουν εµπειρικά τις θεωρητικές σχέσεις ανάµεσα στους 

στοχευµένους παράγοντες της Πραγµατικής Οικονοµίας και τους φορολογικούς 

συντελεστές εταιρικών κερδών. Οι φορολογικές επιπτώσεις διερευνώνται σε ένα 

σύνολο 12 χωρών του ΟΟΣΑ για την περίοδο 1982-2005. Η διερεύνηση στο τελικό 

της στάδιο ολοκληρώνεται µε τη κατασκευή ενός υπολογιστικού µοντέλου 

κατανοµής ροών ξένων άµεσων επενδύσεων. Το υπολογιστικό αυτό µοντέλο 
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πιθανοτήτων επιτρέπει τη προσοµοίωση εναλλακτικών σεναρίων φορολογικού 

ανταγωνισµού µεταξύ των ερευνώµενων χωρών.  

Σύµφωνα µε τα εµπειρικά ευρήµατα της µελέτης, οι µέτοχοι (του Ελληνικού 

Χρηµατιστηρίου Αξιών εν προκειµένω) δεν φαίνεται να προσλαµβάνουν τις 

φορολογικές µεταρρυθµίσεις ως εφικτές ή αποτελεσµατικές σε πραγµατικούς όρους, 

σε βαθµό τέτοιο που να αλλάζουν εµφανώς την επενδυτική τους στρατηγική. Στην 

Πραγµατική Οικονοµία, η µεταβολή των φορολογικών συντελεστών εταιρικού 

εισοδήµατος, ενώ αποτελεί δραστικό εργαλείο µακροπρόθεσµης δηµοσιονοµικής 

πολιτικής, εντούτοις προκαλεί µεταβαλλόµενα αποτελέσµατα. Περαιτέρω, όταν µια 

χώρα µειώνει το εταιρικό φορολογικό βάρος και αυτό όµως συνεπάγεται µικρότερη 

κρατική συµµετοχή µε δηµόσιες επενδύσεις, θα πρέπει άµεσα να λάβει  µέτρα 

οικονοµικής ανάπτυξης, ώστε να  αποφύγει την ύφεση. Αναφορικά µε τις ροές των 

ξένων άµεσων επενδύσεων, οι διαφορές των φορολογικών συντελεστών εταιρικού 

εισοδήµατος βρέθηκαν να σχετίζονται αρνητικά και µη γραµµικά µε τις διαφορές 

ροών  των ξένων άµεσων επενδύσεων. 

Τέλος, ο φηµολογούµενος κίνδυνος ελαχιστοποίησης των φορολογικών συντελεστών 

εταιρικού εισοδήµατος λόγω του παγκόσµιου φορολογικού ανταγωνισµού, φαίνεται 

να είναι µη ρεαλιστικός. Κατά συνέπεια, τόσο ο ΟΟΣΑ όσο και η ΕΕ ίσως θα 

µπορούσαν να αναθεωρήσουν την εκτίµηση περί αναγκαιότητας ‘οµογενοποίησης’  

της πολιτικής φορολόγησης του εταιρικού εισοδήµατος ώστε, να εστιάσουν την 

συντονισµένη προσπάθεια των χωρών-µελών τους στην µείωση των πιθανών 

απωλειών σε όρους ευηµερίας εξαιτίας του φορολογικού ανταγωνισµού. 
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INTRODUCTION  
 
The scope and structure of the study 
 

The introduction of a Corporate Tax Reform Act in a country’s tax legislation is a 

frequent practice in public policy worldwide. A country’s Corporate Tax Reform Act 

quite often is dictated by a country’s urgent need, for example, to enhance 

entrepreneurship, to raise corporate tax revenues, to stimulate productivity in the 

corporate sector, to increase employment, to increase economic growth, or to restore 

the country’s competitiveness in raising foreign direct investment (FDI) inflows. 

 

The first experimental tax reform framework on which the field literature is based was 

established in the US with the 1986 Tax Reform Act. This Act changed the overall 

corporate tax burden, decreased the corporate tax rate from 46% to 34% and altered 

the relative treatment of old and new capitals with the repealing of treatment of the 

investment tax credit and the subsequent lengthening of depreciation lifetimes. The 

US Tax Reform Act in 1986 provided thus a unique experimental framework for 

evaluating asset price theories and empirical financial models. 

 

The US Tax Reform Act of 1986 repealed the investment tax credit (hereafter ITC) 

for the third time since its introduction in 1962. The motivation for the introduction of 

the ITC was to encourage new investment by reducing the after-tax costs below the 

statutory tax rate (STR) reduction.  

 

The difference between the ITC and the STR is that the ITC only reduces the tax 

burden of new investments, whereas a reduction in the STR also reduces tax revenues 

from existing investments. To prevent companies from reselling existing assets to 

qualify for the ITC, the amount of used investments eligible for the ITC was 

drastically limited. 

The traditional hypothesis has been challenged by Auerbach and Kotlikoff (1983) and 

Feldstein (1981). They argued that the value of a firm must decline following the 

introduction of an ITC. They also warn that each tax accelerated depreciation plan is 
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likely to initiate wealth redistribution from current holders to those with no existing 

stock of capital.  

 

Also, Summers (1981, 1983), Gravelle (1984) and Auerbach (1986) concluded that 

the effects of an ITC on firm value are ambiguous.  

 

Overall, policymakers may seek to minimise any windfall gains and losses from a 

corporate tax reform. Knowledge of the magnitudes of wealth transfers is essential 

when comparing alternative proposals and weighting these redistributions against the 

efficiency gains of each proposal. In addition to equity considerations, wealth 

redistribution can have important real effects on the economy through changes in 

saving, consumption, and bequests. These wealth effects can either reinforce or offset 

the direct incentive effects of an investment-enhancing tax policy. 

 

 

Whether the changes to a corporate tax law act succeed in stimulating 

entrepreneurship or GDP growth, increasing tax revenues, rationalising the stock 

market response or increasing firms’ market values, among other outcomes, is an 

open question. The answer obviously demands a multifactor and multistep analysis. 

 

The present study is constructed in three different levels (referred as parts), including 

six different steps (referred as chapters) of research. The sequential flow from the first 

level to the other two levels is not a prerequisite for the study’s evolution. At the first 

level (Part I, Chapters 1&2), the study includes an investigation of corporate tax 

reforms’ transmission evidence in capital markets and specifically refers to the case of 

the Athens Stock Exchange (hereafter ATHEX). The first level of the study is 

specifically concerned with the existence of possible links between the corporate tax 

law changes and the behaviour of bank stocks listed in ATHEX in terms of time-

varying beta changes. The corporate tax law changes studied in Greece are a part of a 

gradual, interrupted and incoherent corporate tax reform plan enacted over the period 

2 January, 1998, to 16 October, 2006, that included various corporate tax relief plans 
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in the form of reductions of corporate tax rates, tax relieves for losses to corporate 

portfolios and tax incentives to stimulate investment. 

 

The second level of the study (Part II, Chapters 3,4 & 5) includes an investigation of 

the corporate taxation changes and their interconnection with factors of the real 

economy. The last level (Part III, Chapter 6) of the study includes the construction of 

a computational tax competition model that will be used to quantitatively evaluate 

countries’ tax policy scenarios in terms of optimising the benefits of alternative 

corporate tax rate adjustments.  

 

The second and third levels of the study (i.e., Chapters 3,4,5 & 6) are sequential and 

discuss the link between corporate tax rates and the real economy via the factors of 

corporate tax revenues (hereafter CTR), GDP growth and FDI inflows. The models’ 

specification at the second and third levels of the study requires the selection of a 

representative group of 12 OECD countries within which the research question will be 

studied. 

 

As the research enters the real economy transmission channel, the corporate tax rates 

become the key factor that accounts for the corporate taxation changes. They are 

expressed as Effective Average Tax Rates (EATR), Effective Statutory Tax Rates or 

Effective Marginal Tax Rates (EMTR). The research aim at these stages is to identify 

the links between corporate tax rates and three targeted  factors of the Real Economy 

to ultimately construct a computational model that will allow us to investigate 

alternative corporate tax competition and conspiracy scenarios. Corporate tax 

competition has been widely debated in the international diplomatic arena during the 

last ten years in the framework of homogenised corporate income tax treatment 

provisions in the E.U. and OECD. 

 

In a way, this study attempts to model Corporate Income Tax Rates as the key 

determinant or the control button initiating an exploration - under certain conditions - 

of the consequences when corporate tax rates are changed in either direction. This tax 
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policy game is discussed in terms of public income (corporate tax revenues), GDP 

growth and FDI inflows. 

 

Hence, in Chapter 3, the study discusses the issues of corporate taxation (in terms of 

EATR, STR and EMTR) and corporate tax revenues for a group of 12 OECD 

countries including Greece. The study focuses on the modelling of the link between 

corporate taxes and CTR. This research moves beyond the findings of all previous 

studies in the literature and not only replicates the Laffer curve, such as in Clausing 

(2007), but also discusses the role of countries’ individual characteristics in a revenue 

optimisation framework. Within this framework, the case of Greece and the setting of 

the optimal corporate tax rates will be addressed also, as will the establishment of the 

basis for capturing Greece’s and other similar countries’ tax enforcement and 

collection peculiarities in a nonlinear static Laffer-type relationship between corporate 

tax revenues and corporate tax rates.  

 

Proceeding to the next step (Chapter 4), the study moves to the construction of a 

robust panel GDP growth model that links GDP growth to corporate taxes within an 

endogenous growth conceptual framework. At this step, the study merges the 

literature on endogenous growth theory and the Barro theoretical GDP growth-taxes 

parabolic model. This literature refers to the demand side of the economy, in which 

tax rates are considered to be public spending proxies. On the contrary, the analysis in 

Chapter 4, investigates the above relationship within a GDP supply-side economies 

framework, in which tax rates are treated as public income variables. In other words, 

the study in Chapter 4 first, empirically replicates in the field of corporate taxation, 

the theoretical GDP growth-taxes, long-run effect-discussed in the endogenous 

growth theory-and second, argues about optimisation concerns in a connection path 

linking GDP growth with the corporate taxes-Laffer curve models constructed in 

Chapter 3. 

 

Additionally, the investigation in Chapter 5 focuses on corporate tax effects on 

differential FDI incoming flows. To achieve a more realistic and plausible view, than 

the usual experimental path of bilateral FDI competition, we set the competition not to 
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a one-to-one bilateral FDI basis but instead, to a one-to-one world FDI differentials 

context. The latter setting is actually more realistic because, no country competes with 

others in terms of bilateral FDI flows, whereas, the countries do adjust their tax 

strategy to gain advantages  in the global FDI competition arena.  

 

Finally, the study evolves to the sixth and final step (Chapter 6) of the investigation, 

concerned with the construction of an FDI probability distribution model. This is a 

computational tax competition model built on elasticities that come from the models 

constructed in Chapters 3,4 and 5. At this step, we model the behaviour of 12 OECD 

countries that compete with each other over global FDI inflows, keeping an eye on 

maximising their corporate tax revenues and GDP growth. 

 

The computational model is the “mechanism” to replicate and evaluate numerically 

alternative tax conspiracy scenarios, providing hence evidences on the debate over the 

corporate tax rates’ race to bottom scenarios. This part of the study offers plausible 

policy considerations for  common corporate tax policy provisions in closed economy 

groups like the EU and OECD and also, reveals tax competition Nash equilibrium 

positions. Additionally, argues for likely pareto optimal positions, as well as, for 

alternative  corporate tax policy scenarios at various levels of world available FDI.  

 

Overall, the three empirically calibrated models upon which the probabilistic FDI-tax 

competition model is built, are static models that actually represent a nonlinear and 

non-dynamic, long-run relationship among corporate income tax rates and, corporate 

income tax revenues, GDP growth and FDI flows. 

 

With regards to the fiscal policy considerations, in real life, though the knowledge of 

the long-run static relationship between corporate tax rates and the targeted 

macroeconomic variables is of great importance, policy practitioners need to be 

constantly aware of the complex nonlinear dynamics that also determine the above 

relationship. 
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In other words, policy practitioners need to abstain from any short-run tax 

optimisation concerns. The complex nature of the employed macroeconomic variables 

and likely dynamic-reverse causalities phenomena1, render overoptimistic and rather 

risky any tax manipulation or optimisation practises. 

 

We argue that, a long-run corporate tax policy, scheduled in a static framework, can 

be treated as an overall policy guideline. However, there is a compelling need for 

policy makers to take frequently corrective actions, reconsidering-when needed-their 

disposition of the appropriateness of the tax policy mix, according to individual 

countries’ needs and demands.  

 

To the authors’ knowledge, no similar study has been attempted to explore the effects 

of changes in countries’ corporate income taxation on targeted factors, via the 

transmission channels of the  capital market and the Real Economy. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                                                 
1 see  Karagianni, Pempetzoglou and Saraidaris, 2009a and 2009b. 
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Figure 1.1:  The Corporate Income Tax Effect  
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PART I 
CORPORATE INCOME TAX CHANGES AND  

STOCK MARKET EFFECTS: 
 THE CASE OF ATHEX 

 
 

CHAPTER 1 

The Theoretical Framework 
 
 

1.1 Introduction  

 
In the Part I of the study, the research is applied in the Greek capital market.2 

Specifically, the study searches for possible linkages between the corporate tax law 

changes and the stocks listed in the ATHEX by studying changes in the time-varying 

betas. 

 

The changes in the Greek corporate tax laws from 2nd  January, 1998, to 16th  October, 

2006, include a variety of corporate tax Law Acts, such as gradual decreases in 

corporate tax rates, investment tax incentives and other tax measures, to boost 

entrepreneurship in the corporate sector. 

 

A similar set of changes was enacted some years ago in the US with the 1986 Tax 

Act, which provided a unique experimental framework for evaluating asset price 

theories and empirical financial models. 

 

The search for effects likely induced by the corporate tax law changes in the Greek 

capital market is attempted by examining time-varying betas behaviour for selected 

stocks. It is worth noting that in the majority of the field literature, such event studies 

look for abnormalities in portfolios’ (aggregate) returns, in individual stock returns or 

                                                 
2 Some parts of the empirical investigation are either published in Karagianni, S., Kyrtsou, K., 

Saraidaris, A., 2010 or, are soon to be published in Karagianni, S., Kyrtsou, K., Saraidaris, A., 2011. 
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even in abnormalities of stocks’ conditional variances. The stock market event studies 

on systematic risk, are relatively scarce in event study literature. 

 

Below follows a list of questions and answers concerning the purposes and the goals 

of this part of the study: 

 

� What is the goal of the study in Part I? 

 

The study in Chapters 1&2 (Part I) belongs in the field of empirical financial literature 

that discusses on regulatory effects' event studies. Specifically, it discusses the 

possibility that corporate tax law announcements, released in Greece during the period 

02.01.1998-16.10.2006, to have changed the investing behaviour in ATHEX. An 

answer to the above query could yield important implications for the evaluation of 

corporate tax policies’ efficiency and the systematic risk management. 

 

� Why is there a need to investigate further the ATHEX spot markets’ 

characteristics? 

 

The study in Chapter 1 is heavily concerned with a step-by-step data refinement 

process in order to ensure at the maximum degree the condition that, the data series 

included in the event study, are generated by the same process. Noteworthy, the 

ATHEX during the examined period, is said to be a highly complex system, this being 

concluded by abnormalities in stock returns’ distributions due to e.g., structural 

breaks, outliers, nonlinearities in the mean and variance, etc. In such a system, with 

large scale variations in the underlying  data generating process, it is possible to incur 

a loss of important information that will accordingly reduce efficiency in systematic 

risk estimations. Therefore, the data refinement process is needed in re-adjusting 

appropriately the event study window in order to apply the tax event investigation on 

data being produced by a unified procedure. 

 

� Why is an event study methodology preferable over modelling firm-level 

accounting data when searching for consequences of corporate tax law 

changes? 
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In the relevant literature, event studies are perceived to be superior to the studies using 

firm-level accounting data in time-series or panel models to evaluate policy or 

regulatory changes. 

  

� What are the expected policy implementations? 

 

We expect to find answers or hints relatively to policy regulation practises in a spot 

capital market that undergoes the first period of a maturity process.  

 

� What is the relevance of tracing the tax law changes’ consequences in 

firms’ market value and stocks’ trading behaviour? 

 

We expect to find answers that, besides the fiscal policy considerations, will improve 

risk-hedging strategies and portfolio management techniques in an constantly 

changing tax policy environment, like that in Greece. This will be evident especially if 

we successfully capture tax policy effects on systematic risk modelling.  

 

� Why does this study use time-varying betas instead of looking for the 

abnormal returns by applying market models such as CAPM, AARs, 

CARs, or BHARs3?  

 

First, the use of market models to assess abnormal returns in stocks or portfolios, 

though very popular in the field empirical literature in recent decades, exhibits a 

tendency toward type I errors (overestimation of the existence of abnormal returns). 

Additionally, the increased stock volatility that is frequently reported, seriously 

complicates the interpretation of the results and the process of determining policy 

implications. As a result, finding likely abnormal returns in aggregated stock series 

does not convey clear and distinct information about risk modelling in portfolio 

management. Overall, looking for abnormal returns in aggregated market series using 

                                                 
3 CAPM: Capital Assets Pricing Models, AAR: Average Abnormal Returns models, CAR: Cumulative  

Abnormal Returns models, BHAR: Buy and hold Abnormal Returns. 
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market models yields results that suffer from clear interpretation validity problems 

and convey vague policy implications. 

 

To the authors’ knowledge, no study up to now has explored the effect of the changes 

in the Greek corporate tax legislation system on the ATHEX listed companies. 
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1.2 Overview of the Literature in Event Studies 
 
Over the last forty years, event studies have made an enormous contribution to capital 

markets investigation. Nowadays, the number of published event studies is said to 

exceed 600, and the literature continues to grow. According to Corrado (2009), 

primarily, they have been applied in the financial and accounting field with the two 

landmark papers by Ball and Brown (1968) and Fama et al. (1969).  

 

Later on event studies passed to disciplines such as economics, history, management, 

marketing, etc. Event studies, first entered the field of corporate finance with the three 

seminal papers of Modigliani and Miller (1958), Miller and Modigliani (1961, 1963) 

that were the first to discuss capital structure issues through an event study 

framework. 

 

The basis for the implementation of the event studies in capital markets is the 

Efficient Market Hypothesis  (EMH) theory introduced by  Fama (1970). 

 

Fama (1970) was the first that introduced the concept of market efficiency. According 

to him a market is efficient if prices fully reflect all available information and no 

profit opportunities are left unexploited. That means, in an efficient market the series 

of daily stock changes or returns are uncorrelated with variables in the information 

set. Overall Fama (1970) tests Efficient Market Hypotheses by applying three types of 

efficiency tests. First, in the ‘weak-form’ efficient market hypothesis prices can not be 

predicted from historical price trends  and thus, is  impossible to profit from the past 

realizations whereas these, add nothing in predicting future prices. Second, In the 

‘semi strong-form’ efficient market hypothesis not just stock prices but any 

information that is publicly available (e.g., announcements of annual earnings, stocks 

splits, etc.)  should be uncorrelated with subsequent movements in stock prices. Last, 

in the ‘strong-form’ efficient market hypothesis, all private or public information are 

incorporated in prices and thus, could not be useful to insider trading in predicting 

stock prices. Therefore, the competing market participants always reflect any 

information rationally and instantaneously on prices, in a way that past relevant 

information becomes useless in predicting future prices.  
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According to the type of the event examined,  stock market event studies have been  

applied to investigate issues such as, Initial Public Offerings (IPOs), Seasoned Equity 

Offerings (SEOs), mergers, stock splits, self-tenders and share repurchases, exchange 

listings, spin-offs, dividends yield, Earnings announcements, capital market 

regulatory announcements, macroeconomic announcements, world socio-political 

news/shocks, government public policy  announcements, etc. 

 

From the seminal study of Fama (1970) and onwards, someone can underline a 

voluminous balk of event studies in capital markets. Among these we can distinguish 

Ritter (1991), Agrawal et al. (1992), Cusatis et al. (1993),  Dharan and Ikenberry 

(1995),   Brav et al. (1995), Brav (1997), Ikenberry and Lakonishok (1993), Michaely 

et al. (1995),  Ghosh et al. (1995), Loughranand Ritter (1995), Ikenberry et al. (1996),    

Mitchell and Stafford (1997),  Benartzi et al. (1997), Brav and Gompers (1997), Desai 

and Jain (1997), Meznar et al. (1998), McKenzie and Thomsen (2001), Lamdin 

(2001), Nicolau (2002), Thomsen and McKenzie (2003), Drakos (2004), Tuck (2005), 

Cichello and Lamdin(2006), Calvo-Gonzalez (2007), Darkow (2008), Misra and Rao 

(2009) . 

 

Generally speaking, the research structure followed in an event study is quite common 

for all studies of this category. Abnormal returns are deemed as deviations from the 

market model predictions, a methodological approach primarily introduced by Fama 

et al. (1969). The focus is placed on measuring the examined securities’ mean and 

cumulative mean abnormal return during the event window. However, the 

methodology followed for the implementation of event studies vary according to the 

demands of each individual case.  
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1.2.1 Event Studies Classification 

Overall, event studies can be grouped in two broad categories according to the time 

horizon of the event window: a. The short-horizon studies, which are regarded as 

being rather reliable and advantageous and, b. The long-horizon studies, where an 

acceptable degree of effectiveness is not always granted. As Kothari and Warner 

(2006) say, the effectiveness of an event study application vary considerably 

according to the calendar time period whereas, depends upon the examined data 

characteristics (e.g., volatility in the stock returns).  

 

An event window in stock market event study could be defined as; the entire length of 

time over which one may look for a stock returns’ change (e.g., a change on variance, 

systemic risk, etc.) to what the analyst has identified as “news” received by investors. 

News is regarded as the information entering the market either in the form of rumours 

or, in the form of official announcements and might trigger investors to change their 

investing behaviour. 

 
 

1.2.2 Methodological Limitations in event studies 

The Efficient Market Hypothesis (EMH) testing and the event window setting up in 

stock market event studies are hot topics of discussion in the field studies. First, Fama 

(1991), questioned about the credibility of event studies to exploring markets 

efficiency and that constituted a topic of thorough discussion in the studies of  Kothari 

and Warner (1997) and, Fama (1998), whereas, there is still a long way to go in that 

field. 

 

Fama (1998), defending the EMH as to the event studies finding in  the short or long 

term return anomalies argues that, ‘…consistent with the market efficiency hypothesis 

that the anomalies are chance results, apparent overreaction to information is about 

as common as under reaction, and post-event continuation of pre-event abnormal 

returns is about as frequent as post-event reversal. Most important, consistent with 

the market efficiency prediction that apparent anomalies can be due to methodology, 

most long-term return anomalies tend to disappear with reasonable changes in 

technique.’  
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Moreover, Fama (1998) argues that most of the long-term return anomalies are 

obviously fragile. Thus, he is worried about the credibility of long-term event studies 

that conclude on abnormal returns’ findings when examine the effects of a new 

information dissemination in stockholders’ investment behaviour. 

 

He attributes the fragility of the long term event studies to the, a. Bad-model 

specification problems and, b. Return metric problems. As regards to the Bad-model 

problems, these are grouped into two major classes. In the first class belong, problems 

related to asset pricing models that do not manage to comprehensively describe 

expected returns’ distribution. A second class of modelling problems, is related to the  

inappropriate sample period selection, which accounts for generating  random sample-

specific patterns in the average returns.  

 

Discussing the return metric problems, Fama (1970), argues that studies of long-term 

returns are sensitive to the way these tests are implemented. Consequently, average 

monthly abnormal returns’ (AARs or CARs) models result in different findings 

compared to buy-and-hold abnormal returns’ (BHARs) models. Additionally, equal-

weight returns’ models produce different findings than value-weight returns’ models.  

 
Discussing about the econometric considerations in event studies’ methodologies, we 

could say that although the basic methodological pattern of event studies has not 

changed over time, two main methodological considerations have lately came up. 

First, the use of high frequency (daily or moreover intraday) data and second, the 

advanced level of sophistication of the methods employed in event studies. However, 

despite the improvement of the long-horizon event study methodologies, there are still 

severe limitations to overcome. These are related to the power of the statistical tests 

employed, as well as, to  the  models’ specification credibility. 

 

Additionally, recent literature on event studies stresses the issue that returns’ variance 

increases can induce models’ misspecification and result in overestimating event 

related abnormal returns. 
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Summarizing from Kothari & Warner (2006), the long-horizon event studies, exhibit 

high sensitivity to the returns generating process. That means, the power of long-

horizon event studies, exhibits the following behavioural patterns: 

a. Reduces when the variance of abnormal returns increases conditional on the event. 

b. Increases with the increase of the examined sample size. 

c. Depends on the firms’ individual characteristics (size and industry). 

d. Reduces with the increase of the returns’ variance (noise in market). 

Generally, the above findings set the methodological framework for the step-by-step 

data refinement process that will be followed for the implementation of the corporate 

tax reforms event study in the ATHEX. 

 

As Ladmin (2001) says, ‘…for an event such as a merger or earnings announcement 

there is a single identifiable event and thus a single and short event window. In the 

case of a regulatory change, the event window is a less concise time and concept. A 

regulatory change was at some time first substantively broached, then debated, and 

ultimately resolved when the change was enacted or defeated. The event window 

would encompass this entire time frame. Moreover, within this event window there 

will be multiple “event periods” (at a minimum two, which would be at the beginning 

and end of the event window) during which the probability of enactment of the 

regulatory change substantively was affected, constituting news. Thus, a regulatory 

change may have an event window spanning many months, during which there could 

be numerous event periods’. Actually, when an event study refers to regulatory 

changes it is hard to identify the periods that the event was clearly unanticipated.  

 

Additionally to Famma (1998) findings,  Ladmin (2001) uncovered the three 

following issues of concern, a. The first issue refers to the extent at which one should 

expect the findings to account for a true measure of the response to a regulatory 

change, b. A second issue relates to the significance of event studies in the evaluation 

of regulation theories and, c. A third issue of concern is the low power of event study 

models and the event period arrangement problems. 

 

In particular, when we consider regulatory changes it is likely the regulatory impact to 

be mixed up with influences from other sources of influence related e.g., to the  firm 



18          Part I: Stock Market Effects
 
                                              
                    
 
 
   

Ph.D Thesis by Anastasios Saraidaris 

or to the industry examined. Therefore, is needed to extend the event window to 

encompass alternative revised expectations.  

 

Another issue is concerned with the value of the findings for the evaluation of 

contradictory regulation policies. In more details, there are two prominent views as 

regards with the value of regulations. The first is  the economic theory of regulations 

(ET), and the second one  is the  normative analysis as positive theory (NPT). 

 

The ET discussed by Stigler (1971), Peltzman (1976), and Becker (1983) advocates 

that a regulation provision arises from the pressure of interest groups asserted on 

politicians and policy makers.  Consequently, according to this theory,  the smaller-

numbered producer groups have an advantage over consumers. In ET, regulation is 

not motivated by regulators seeking to enhance social welfare, as is the case in  the 

NPT. 

 

On the contrary, the NPT justifies regulation provisions as attempts of  regulators to 

correct market failures in order to maximize social welfare, for example, in the case of 

environmental pollution, by reducing the monopoly costs of pollution damages. 

 

Two kinds of problems arise from biases in  the event studies’ results. The Frankfurter 

and McGoun (1993, 1995), discuss the Type I error problem as a bias towards 

publication of positive results, whereas, they claim that “no effect” findings may 

never see the light of day. On the contrary, a less common one is the Type II error 

problem, where the low power tests might account for faulty conclusions of no 

evidenced responses to regulatory changes. 
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1.2.3 Improving Credibility of Regulatory  Event Studies 

In order to improve credibility in regulatory event studies, Ladmin (2009) suggests 

researchers to pay particular attention on the following three areas of concern: a. The 

importance of selecting appropriate event periods, b. The use of cross-sectional tests 

and, c. The employment of additional evidences in  support of the study findings. 

Moreover, documents that,  the credibility of regulatory event studies increases when, 

events are unexpected. 

 

Blacconiere and Northcutt (1997), in a event study of the superfund amendments and 

reauthorization Act of 1986, documented that when the examined initial set of 26 

events all related to the  examined Law Act had been broken down to a smaller subset 

of 17 events, the study results revealed more sizeable and statistically significant 

responses of  the examined data .  

 

In the case that nonzero impacts are evidenced in a regulatory study, the researcher is 

suggested to  encompass eventually a wider set of examined firms. Thus, firm-specific 

characteristics, such as firms’ size can be tested whether they account for the kind of 

firm-specific responses to regulatory changes. 

 

Finally, researchers can also examine other variables e.g., the firms’ profitability, that 

could be affected by regulatory changes. Concluding, according to Schwert (1981), an 

event study on firms’ characteristics is believed to be superior to studies that employ 

firm accounting data (e.g., profits).  

 

All in all, in empirical literature an event study is definitely considered to be a 

valuable tool of research, which is increasingly applied lately to evaluate regulatory 

responses in the area of macroeconomics and finance. Despite the inherent 

methodological inefficiencies and the difficulties in interpretation of the findings  in  

the long-horizon event studies, these can still deepen our understanding of responses 

to targeted regulatory changes. 
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1.3 Macroeconomic News Event Studies in Stock Markets 
 

Obviously, when referring to news/announcements effect event studies, the ideal case 

to locate the day ‘0’ is to study events such as the terrorists attach of 11th September 

2001, a war burst, an in-between countries’ diplomatic episode, a sudden drop in 

world leading stock markets, a political corruption scandal, a Central Banks’ 

unanticipated announcement of a rise or decrease in interest rates, etc. Empirical 

analysis of the relationship between macroeconomic data and stock prices have been 

carried out in numerous studies among which we distinguish the following: 

 

McQueen and Roley (1993) fail to identify significant macro factors and attribute this 

to the constant coefficient models used. They claim that each announcement may have 

different implications at different points of the business cycle. 

 

Berry and Howe (1994) whereas suggested a positive, moderate relationship between 

public information and trading volume, they concluded on an insignificant 

relationship between public information and  price volatility. 

 

Reinhart and Simon (1997) applied an examination of the market reaction to Federal 

Reserve policy easing from 1989 to 1992 and found that these actions were mostly 

unexpected and were not viewed to be persistent by the market. 

 

Chen et al. (1999) examined monetary policy stock market effects, with a special 

focus on the effect of discount rate decisions on stock market returns, volatility and 

trading volumes using intraday data. They found that, equity returns generally respond 

negatively and significantly to the unexpected announcements; however, the effect of 

expected changes on equity returns is insignificant. Furthermore, they found that 

equity prices respond to announcements within a short term trading period after the 

information release. Additionally, unexpected discount rate changes, contribute to 

higher market (short-lived) volatility and trading volumes.  
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Kim et al. (2001) measure the market return and volatility effects of political 

announcements in Hong Kong stock market and conclude that political developments 

have a significant impact on market volatility and return. 

 

Flanery and Protopapadakis (2002) found that stock market returns are significantly 

correlated with inflation and money growth. Nevertheless, the authors’ claim that the 

impact of real macroeconomic variables on aggregate equity returns is difficult to be 

established, because their effects are neither linear nor time invariant.  

 

Bomfim (2003) in the context of public disclosure of monetary policy decisions, 

examines pre-announcement and news effects on the stock market. The results 

suggest stock markets’ conditional volatility is abnormally low on days preceding the 

regularly scheduled policy announcements. This effect is statistically significant only 

over the past four to five years, and is attributed to changes in the Federal Reserve’s 

disclosure practices in early 1994. The author concludes with documenting that the 

element of surprise in such decisions tends to boost stock market volatility 

significantly in the short run. 

 

Nikkinen et al. (2003) conclude that the domestic news announcements have no effect 

on implied volatility on either of the examined markets. The results indicate that 

whereas the US macroeconomic news announcements are valuable sources of 

information, on European stock markets the domestic news releases seem to be 

unimportant. 

 

Graham, Nikkinen and Sahlstrom (2003) investigate the relative importance of 

scheduled U.S. macroeconomic news releases for stock valuation. They found that the 

time of the announcement, measured by days from the beginning of the month to the 

release day, has a moderating impact for the macroeconomic announcements 

importance.  

 

Kim et al. (2004) investigated the impact of scheduled government announcements 

relating to six different macroeconomic variables on the risk and return of three major 

US financial markets. They concluded that these markets do not respond in a 
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meaningful way to the information released by the government. Moreover, it is the 

‘news’ content of these announcements which cause the market to react. For the US 

stock market, only consumer and producer price information was found to be 

important. Also, financial market volatility was found to have increased in response to 

some shorts of announcements and to have fallen for others. The confirmation that 

little evidence could be found of returns responding to non-price news about the state 

of the economy may indicate that trading in these markets is dominated by short term 

(liquidity) traders that show actually little interest in a company’s fundamentals. 

 

Nikkinen et al (2006) investigate how global stock markets are integrated with respect 

to the U.S. macroeconomic news announcements. They found that the international 

investors are able to obtain diversification benefit by investing in segmented emerging 

regions. 

 

1.4 Tax Event Studies in Stock Markets 
 

From a public policy perspective, based on the way that tax event studies are 

implemented, when we refer to the case of  stock markets these can be roughly 

grouped into three categories:  

a. The category of the tax clientele effect on dividend yield, which obviously receives 

the majority of concern;  

b. The category of transaction tax (STTs) studies, which is relatively limited 

compared to the first; and 

c. The category of tax law announcement studies, which belong to the broader 

category of policy or regulation announcement event studies and obviously engage the 

least space in the tax literature. The latter have been studied in the empirical literature 

either as news/announcement arrival effects either on stock trading data or at firm 

level  accounting data.  

 

The above categorization is based on the type of tax law changes, as well as, on the 

methodological criteria as regards the way tax laws are anticipated to affect the 

stockholders’ behaviour. Therefore, in the first category the differential tax treatment 
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of dividend vs. capital gains is a policy measure that is apparently compelled by the 

need for an equivalent treatment of the wealth produced for stockholders of different 

individual income tax brackets. In these studies it could be set a clear cut ‘0’ day for 

the tax effect investigation procedure. That means, studies of this field explore the tax 

effect examining stock series characteristics around the day of the dividend yield. In 

the second category STTs laws are set as a policy tool to affect the volume of 

transactions and stocks’ volatility and hence to affect the stockholders’ trading 

behaviour. Unlike the first and second categories, in the third category  there is not a 

clear cut ‘0’ date of event in stock market, and tax laws (e.g. personal taxes, corporate 

taxes, consumption and inherence taxes) are designed from policy makers in order to 

stimulate macroeconomic factors such as, GDP, employment, tax compliance, public 

revenues, etc. In other words, since tax changes most of the times do not focus on the 

stock market directly, tracking the consequences of the tax law announcements on the 

stockholders’ behaviour and stock series characteristics change becomes a rather 

ambiguous issue. 

 

The discrimination of literature to favour studies concluding on  significant Tax 

effects, is probably the reason for the concentration of research interest in the first 

field of tax studies.  These studies are more sensitive to Type I errors whereas, reach 

more appealing though rather dubious conclusions. 

 

From a methodological point of view, in tax clientele effect event studies, there is a 

clear cut event day ‘0’ , this of the dividend yield, to set the event window in the 

investigation of shareholders’ disposition in favour or against dividend or capital 

gains. In such cases, tax effects can be possibly witnessed in the after effects 

investors’ cash flows. Important studies in this field of literature are presented in the 

following section. 

1.4.1 The Tax Clientele Effect 

Miller and Modigliani (1961), examining the dividend puzzle on stock market series, 

concluded on dividends not to affect the firm value in perfect capital markets with no 

taxes, transaction costs and asymmetries in information. They argued that only 

investment policy can affect corporate value. Generally, the dividend puzzle has been 
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disputed quite extensively in empirical financial literature and there are ample of 

theories that attempt to explain the effect of dividends in the stock returns. Among 

others, obviously the strongest explanation behind a company’s decision to distribute 

dividends is that of the market imperfections due to information asymmetries between 

management and investors. Farrar and Selwyn (1967) and Brennan (1970) conclude  

that due to  the shareholders’ fiscal loss when they receive dividends instead of  

capital gains, firms should prefer the higher after tax returns rather than dividends. 

 

When we discuss the tax event literature, a special consideration should be given on  

the dividend effect in the light of the so-called tax clientele effect as this was first 

discussed in the seminal study of Elton and Gruber (1970). They explored the 

relationship between stock price behaviour on the ex-day and the tax levied on the 

marginal stockholder. The point behind their approach is that, in a market with 

rational arbitrage, the price drop should equal the marginal stockholder’s after-tax 

value of dividends and capital gains. This means that the marginal investor’s income 

tax rate is suspected to account at a large extend for the stock prices drop on the ex-

day. Hence, Elton and Gruber (1970) confirmed the existence of the ‘dividend 

clientele effect’ that was initially raised as an issue of concern by Miller and 

Modigliani (1961).  

 

Black and Scholes (1974) conclude that firms, knowing in advance the evidence of 

different shareholders groups as regards their preference for differing dividend 

policies, should adjust their dividend policy to satisfy this demand.  

 

Blume et al. (1974) add to the findings of Elton and Gruber (1970) the existence of a 

modest inverse relation between investor tax brackets and dividend yields. On 

contrary, Schlarbaum et al. (1978) using individual investors’ data from a brokerage 

firm, concluded that there was very little evidence of the former short of relationship. 

Later on, Barclay (1987) confirmed the results of Elton and Gruber (1970) study, with 

the 1986 tax reform act in the US taxes on dividends and capital gains, whereas, 

Michaely (1991) reached empirical findings against the tax-induced clientele 

hypothesis since; the ex-day price drop remained below dividend yield even in an 

environment of an equal tax treatment of capital and dividend gains.  
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Kato and Loewenstein (1995) in a study applied for the Japanish stock market found 

only a weak dividend-related tax effect which wish was additionally attributed to 

peculiar trading practises of  institutional investors in  the beginning of the new fiscal 

year, which actually coincided with the ex-dividend day . 

 

Milonas and Travlos (2001) analyze the ex-dividend day stock price behavior in the 

Athens Stock Exchange (ASE) over the period 1994-1999. Their findings show that 

on the ex-dividend day, stock prices fall by a lower amount compared to the dividend 

paid. Strangely, these findings cannot be attributed to tax effects since; there are not 

any in the Greek tax law system. These findings might be attributed though to 

microstructure effects, even though the authors argue that the particular 

microstructure effects identified by prior studies may not be the determinant factors. 

 

Daunfeldt (2002) in Sweden tax reform finds that the tax induced clientele hypothesis 

is not supported by data of the Swedish stock market. 

 

Chetty and Saez (2005), use the large tax cut on individual dividend income enacted 

in 2003 to analyze the effects of dividends taxation on financial corporate behaviour. 

They document a sharp and widespread surge in dividend payments following the tax 

cut. 

 

Graham and Kumar (2006) combine security-specific information from a brokerage 

house with self-reported survey data of 30,000 individuals. In the light of an expected 

tax clientele effect, they find that high-age and low-income individuals invest more in 

high-yield stocks. They reached this conclusion having considered  income as a proxy 

variable for the marginal tax rate. 

 

Mylonas et al. (2006) reach to a conclusion consistent with the tax effect hypothesis, 

analyzing the ex-dividend day stock price behaviour in the Chinese stock market. 

They find that on the ex-dividend day the non-taxable stocks prices, fall by an amount 

equal to the dividend yield. As regards the taxable stocks of the sample, small 

dividend yield stocks fall proportionally to the dividend paid. Whereas, in the case of  
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the large dividend-yield stocks, the price adjustments depend on the effective tax rate 

on dividend income.  

 

Brown Liang and Weisbenner (2007) examine how executive stock ownership affects 

firm payouts using the 2003 dividend tax cut to identify an exogenous change in the 

after-tax value of dividends. They conclude that executives with higher ownership 

were more likely to increase dividends after the tax cut in 2003, whereas no relation is 

found in periods when the dividend tax rate was higher.  

 

Borges (2008), in  a study of the ex-dividend day behaviour of stock prices in the 

Lisbon Stock Market over the period 1990–1998, found that on the ex-day stock 

prices fall by less than the dividend. She found no evidence of tax related clientele 

effects justifying this behaviour by the low market liquidity and arbitrage trading. 

 

Desai and Jin (2008), attempt to classify US institutions that manage taxed versus tax-

deferred accounts. Analyse a panel of firms matched with the tax characteristics of the 

clients of their institutional shareholders to conclude that "dividend-averse" 

institutions are significantly less likely to hold shares in firms with larger dividend 

payouts. 

 

Dahlquist et. all. (2009), evaluate the dividend tax clientele hypothesis and find that 

tax-neutral investors change their stock portfolios towards dividend-paying stocks and 

earn about 40 basis points higher dividend yield than investment funds that prefer 

capital gains over dividends. They conclude that; private corporations, foundations, 

and partnerships, follow deviating dividend preferences because of the different tax 

provisions. 

 

Surprisingly, the tax clientele effect also “appears” in studies were dividends and 

capital gains are not taxed differently. Such an example is that of Frank and 

Jagannathan (1998)  study on the Hong Kong market. In this stock market tax-induced 

clienteles do not exist, and therefore the ex-day price drop should be equal to one. 

Nevertheless, the authors find that the price drop is less than the dividend mount and 

attribute this to the nuisance of handling dividends. 
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It is noteworthy that in a majority of the studies is witnessed a less that one price drop 

on the ex-dividend day. These findings are quite strange especially in cases where 

there is no discriminatory tax treatment between dividends and capital gains. In these 

cases, the witnessed prices drop apparently does not constitute a sufficient reasoning 

of a likely tax rate adjustment behaviour or of existing trading inefficiencies in the 

investment behaviour. 

 

Summing up, the majority of this field studies in an environment of differential tax 

treatment between corporate dividends and corporate profits conclude that, investors 

in lower tax brackets prefer stocks with higher dividend yields, while higher-bracket 

investors prefer lower-yield stocks. Still, while the ex-dividend day price drop of less 

than one is well established in both US and non-US markets, the different theories 

have not been very successful at explaining this irregularity. The evidences are still 

mixed about the existence (or not) of a tax-clienteles phenomenon or of the existence 

of  alternative sources of abnormalities in stocks trading characteristics. 

 

1.4.2 The Transaction Taxes Effect 

The transaction taxes is a subject of concern for both policymakers and investors. 

Policymakers aspire, through the transaction taxes, to raise tax revenue and reduce 

speculation in the stock market. The latter effect becomes especially important in 

emerging markets. The impact of a transaction tax change can be identified for 

investors, investment strategies and market volatility. The empirical literature 

discussing  the impact of taxing securities transactions is relatively limited compared 

to the literature on the tax clientele effect. 

 
First, Roll (1989) studied the effect of transaction taxes on stock return volatility. He 

examined 23 countries during 1987 -1989 and did not found evidences that volatility 

could be related somehow to transaction taxes. 

 

Umlauf (1993) studied the effects of transaction taxes in the Swedish stocks volatility 

and returns for the period 1980–1987. He found that in the year 1986 volatility did not 

decline while, stock prices and market turnover decreased with the tax rate being 

increased by 2%.  
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Campbell and Froot (1995) examined the experiences of stock markets in Sweden and 

the UK and found a fall in trading volume in the presence of STTs. More specifically, 

found that  an increase of STTs lead to a reduction in overall trading volume, due to a 

migration of trading into offshore markets or alternatively, to local substitute 

securities. 

 

Saporta and Kan (1997) found that the post-1955 stamp duty changes in UK, had a 

sharp effect on stock returns but a negligible effect on conditional volatility. Hence, 

increasing transaction taxes to reduce the impact of noise traders, and thereby to 

reduce volatility, is not consistent with the available evidence. 

 

Jones and Seguin (1997) studying the transaction costs decrease in the US stock 

exchange in May 1975, concluded that, a reduction in the transaction cost affects 

similarly the trading behaviour with a reduction in transaction taxes. Thus, they  

confirmed the conclusions of Umlauf (1993).  

 

Green et al. (2000) in an empirical study of the relationship between transactions costs 

(transactions taxes and brokerage charges) and share price volatility in the London 

Stock Exchange, concluded that changes in transactions costs had a significant and 

dependable effect on shares price volatility. The sign of this effect depended critically 

upon the way that volatility had been measured. Also, added that in emerging 

markets, transaction costs constitute an important factor of influence on shares 

volatility, and therefore, the stock market regulatory committee need to consider 

seriously  the tax effect on transactions. 

 

Graham et al. (2003) in an event study of the  change in NYSE stocks prices’ 

quotations from 1/8s to  1/16s decimals, examined the effect in price quotations on ex-

dividend day trading activity. They found  that abnormal ex-dividend day returns 

increase in the 1/16 and decimal pricing eras, relative to the 1/8 era. They also found 

that abnormal returns increase, because of the  reduction in capital gains’ tax rates 

launched on May 1997, similarly with an increase induced by a taxation effect on 

dividends and capital gains. 
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Later on, Baldagi et al. (2006) found that price volatility of stocks listed in the Chinas’ 

stock market, significantly increased with the increase in transactions taxes. 

Furthermore, they documented that the change in the structure of prices volatility 

could be an indication of a less efficient stock market, in the sense that, shocks had 

been slowly diffused  in the market.  

 

Also, Hau (2006) examined the volatility effect of minimum price variation rules in 

the French stock market and argues that, minimum price variation rules result in an 

increase of about 20% of transaction costs for stocks priced above a certain threshold 

(500 francs). He concludes that, perhaps due to the levied transaction tax, the increase 

of transaction costs results in an increase in volatility. 

 

Phylaktis and Aristidou (2007) examined the effects of security transaction tax (STT) 

on volatility. They focus on the investigation of the issue whether a levied transaction 

tax has a greater effect on highly traded stocks, since it penalizes entering and exiting 

the market and also, whether this effect depends on the state of the stock market. They 

witnessed a differential effect of transaction taxes on prices’ volatility during bear and 

bull periods. In addition, they found tax effects are stronger for highly traded stocks 

and during bull periods but surprisingly, volatility had increased instead of falling as 

was the intention of the proponents of transaction taxes. This work is actually in line 

with an earlier study by Hardouvelis and Theodossiou (2002) who investigated for the 

US stock market, a possible existence of an asymmetric relation between the initial 

margin requirements, as another type of STTs, and stock market volatility during bull, 

normal and bear periods. They show that higher initial margin requirements are 

associated with lower subsequent market volatility during normal and bull periods 

but, they have no significant effect during bear periods. 
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1.4.3 The Tax News Effect 

This category of event studies constitutes only a small part of the wider category of 

news/announcements event studies. Beginning the discussion about the relevant 

literature, we need to clarify that in the corporate taxation framework in Greece, for 

the period of the study, there is no provision for a differential tax treatment between 

corporate income profits and dividends, whereas, corporate income profits and 

dividends are both taxed  only on a corporate level.4 Therefore in Greece, unlike the 

common in practise, there is not a provision for taxing capital and dividend gains 

according to the shareholders’ personal income bracket. Subsequently, the approach 

that will be followed in this tax event study lies closer to the approach followed in 

news/announcements event studies and the related literature, rather than this of the tax 

clientele or transaction tax effect event studies. Apparently, in this research, similarly 

with all news event studies, setting an appropriate event window is a rather arbitrary 

process. 

 

Below we will present some of the most representative news event studies in the field 

macro economy. 

Feldstein et al. (1980) provide the first econometric analysis of taxation effects on the 

realization of capital gains. The analysis documents the findings of earlier study by 

Feldstein and Yitzhaki (1978) relatively to the effect of taxation on selling corporate 

stocks. The results indicate that the current high tax rates of capital gains substantially 

reduce selling of corporate stock. 

 

Poterba (1987a, b) argue that the effective (real) capital gains tax rate is substantially 

lower than the statutory capital gains tax rate . 

 

Cuttler (1988) assessed asset price effects by examining the stock market’s reaction to 

the Tax Reform Act of 1986. He treated this act as a unique experiment for studying 

asset pricing theories. The Act changed the overall corporate tax burden; corporate tax 

rate decreased from 46% to 34% and also changed the relative treatment of old and 

new capital (repeal of treatment of the investment tax credit and lengthening of 

                                                 
4 This is lately changed with the Tax Reform Act launched with the Law: 3842/2010 

(G.N.58/23.04.2010). 
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depreciation lifetimes). He expected these changes to produce substantial cross-firm 

heterogeneity in their reaction to tax news. The empirical findings offered evidence in 

support of the asset price model. He concluded that the differential taxation of new 

and old capital could have substantial effects on firms’ market values. Nevertheless, 

he did not found some important evidences of a large market response to tax news 

since, evidently the market responses to the tax news were very small. 

 

A year later, Lyon (1989) in a study of the US firms listed in New York stock 

exchange, concluded that, a tax law change which stimulates new assets acquisition, 

may result in excessive returns on new investments and eventually will increase 

firms’ market value. Nevertheless, firms’ value might also decline because the 

investment incentives apply only to new investments and therefore, the value of 

existing assets, compared with the new investments, may decline. Overall, investment 

incentives have a theoretically ambiguous effect on a firm’s market value. Changes in 

firm’s market value are found to be positively related to investment tax credits. On the 

contrary, there are no supportive evidences of a relationship between changes in the 

firm’s existing assets and the firm’s market value. 

 

Amoako–adu  et. al. (1992) found that, the changes in capital gains taxation in Canada 

had a differential effect on low-dividend yield vs. high-dividend yield stocks. The 

study revealed that the Canada stock market anticipated the 1985 capital gains 

taxation changes but, not the 1987 reduction of tax exemptions. The later resulted in a 

significant market reaction which started one day before and ended one day after the 

reading of the tax reform proposals in Parliament. The study concluded that, despite 

the presence of tax-sheltering opportunities in Canada, changes in capital gains 

taxation may affect considerably equity values. 

 

Poreba and Weisbenner (2001) studied for the period 1963-1996 the NYSE and 

AMEX stocks responses to changes in the capital gains taxation of individual 

investors. They concluded that whereas these changes do not affect the incentives for 

“window dressing” by institutional investors, they affect the incentives for year-end 

tax-induced trading by individual investors. They suggest, tax-loss trading contributes 

to turn-of-the-year return patterns. 
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Shackelford and Verrecchia (2002) define an intertemporal tax discontinuity (ITD) as 

a circumstance in which different tax rates are applied to gains realized at one point in 

time versus other at a different point in time. They found that ITDs may dampen 

trading volume and amplify price changes at the time of disclosure, relatively to an 

economy in which ITDs will be absent. 

 

Blouin et al. (2003) provide empirical support for the theory of Shackelford and 

Verrecchia (2002) with evidence of price increases and equity constrictions around 

announcements of quarterly earnings and additions to the S&P 500 index. They find 

that stock returns rise whereas, their trading volume fall with the announcement of tax 

incentives. 

 

Li Jin (2006) studied whether the capital gains tax is an impediment to selling 

disposition by some investors in the US capital market. He found that selling 

decisions by institutions serving tax-sensitive clients are sensitive to cumulative 

capital gains, a pattern not observed in institutions serving mostly tax-exempt clients. 

The resultant price reactions reduced loses (or increased profits) of returns on stocks 

with higher cumulative capital gains. Overall, the author argued that capital gains 

taxation had an important influence on tax-sensitive investors’ selling decisions. 

 

Arin et al. (2009) investigated the effects of various tax policy innovations on stock’s 

market returns and tested whether financial markets serve as a transmission chanell 

for tax policy innovations. They found that indirect taxes have a larger effect on 

market returns than labour taxes. On the contrary, corporate tax innovations do not 

have any statistically significant effect on stock returns. The authors attribute the 

findings to the firm's disposition to select between equity financing and bond 

financing. 

 

Last, beyond the above studies, an interesting discussion on the issue of  investors’ 

behaviour under various corporate and  capital gains taxation states, can be also found 

in studies such as,  Constantinides (1983), Constantinides (1984), Sias and Starks 

(1997), Reese (1998), Klein (2001), Poterba (2001), Ayers et al.  (2003), Callaghan et 
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al.(2003), Green and Hollifield (2003), Barber and Odean (2004), Grinblatt and 

Moskowitz (2004), and, Gallmeyer et al. (2005), etc. 

 

From a methodological point of view, when referring to effects on stock returns due to 

announcements’ release (e.g., corporate news, capital market regulation, 

macroeconomic news, etc.) event studies tend to become quite arbitrary  as to the 

specification process of the event ‘0’ date, as well as, to the length setting of the 

examined event window. The latter is obviously related to the shareholders’ 

expectancy of the announcements, to the market efficiency as an information 

transmission channel and also, to the nature of the announcements itself. In more 

details, it is quite common in public policy practise, tax laws to be debated in the 

policy arena for quite a long time before they came into power. This practise 

apparently renders rather ambiguous the process of an appropriate event window 

setting.  

 

To circumvent the problems of the event studies methodological limitations, the 

present study follows a step-by-step data refinement process 5. This will assure a 

higher credibility in study findings,  regardless the findings are against or in favour of 

tax induced responses  in the ATHEX. 

 

Generally, data improvement actions should be followed when events are either 

anticipated or a study concerns a developing stock market. It is noteworthy  though 

that, announcements of world macroeconomic events e.g., a sudden rise of interest 

rates in European Commission Bank, a war burst, a terrorist  attack (e.g., 11th 

September 2001),  are found  in literature to shock quite evidently the stock  markets 

because these events are less anticipated by the market. In such a case, obviously the 

event study application is evidently less complex. 

 

To overcome the inherent limitations in the methodologies of event studies and for the 

purposes of the present study, we readjust the event window start from 2.1.1998 to 

1.6.2001. Thus, we focus the study only in the phase that the ATHEX is considered to 

be a developed capital market (losing however valuable information for the period of 

                                                 
5 Following the studies of Kothari and Warner (2009) and, Ladmin (2001). 
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developing phase). Furthermore, it is well known in empirical literature, and  we are 

going to document it further here, emerging markets tend to exhibit different 

behavioural patterns compared to the developed ones (Antoniou and Ergul, 1997, 

Bekaert and Harvey, 1997, etc). 

 

Additionally, we filter the group of firms listed in the ATHEX, down to the firms 

listed in the bank sector. Apparently, bank shareholders (institutional or not) 

constitute an investors’ class, that is definitely risk-averted, is more conscious of the 

market’s fundamentals and, consequently, more sensitive in the surrounding the stock 

market macroeconomic and regulatory environment. 

 

1.5 The Role of Systematic Risk in Stock Markets 
 
In the beginning, the issues of Systematic Risk (beta coefficient), variance and 

covariance, are important to be introduced appropriately. A brief discussion of these 

issues follows below. 

 
Systematic risk (is found in literature also as market, or un-diversifiable risk) is the 

risk which applies to a whole market or to a market segment. Unlikely the systematic 

risk, the idiosyncratic risk refers only to individual stocks or assets. 

 

The systematic risk may be affected by political or economic causes, e.g. wars, abrupt 

changes in a macroeconomic environment, a bankruptcy in banking sector or in 

countries’ economies, etc. It is hard to minimize it, but it can be controlled with 

appropriate risk hedging strategies and when diversifying investments. 

A synchronization of systematic risks for a set of financial investments could result in 

disastrous chain-reactions in the world economy. Such chain-reactions can be 

occasionally triggered by political or financial actions taken at a governmental level 

(e.g. wars, bankruptcy phenomena, etc.). Subsequently, in finance, there is a clear 

distinction between the systematic and the systemic Risk. 

According to Kaufman and Scott (2003) “…Systemic risk refers to the risk or 

probability of breakdowns in an entire system, as opposed to breakdowns in 

individual parts or components, and is evidenced by co-movements (correlation) 
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among most or all the parts. Thus, systemic risk in banking is evidenced by high 

correlation and clustering of bank failures in a single country, in a number of 

countries, or throughout the world. Systemic risk also may occur in other parts of the 

financial sector for example, in securities markets as evidenced by simultaneous 

declines in the prices of a large number of securities in one or more markets in a 

single country or across countries. Systemic risk may be domestic or transnational”. 

The beta (β) coefficient in the modern portfolio theory refers to the systematic risk of 

a security or a portfolio. It is a key parameter in the capital asset pricing models 

(CAPM). The beta coefficient is a number that describes the relationship between an 

investment's return and the overall market's return. A beta more than one implies that 

a stock’s returns grow rapidly when the market is up (bull market), and fall rapidly 

when the stock market sinks (bear market). On the other hand, a beta less than one 

implies that a stock’s returns remain relatively unaffected by the swings in the overall 

market. Finally, a beta equals one refers to stock returns that follow the market 

returns.  It measures hence, the part of a stock returns’ statistical variance that is 

correlated with the return of the market portfolio stocks. The formula for the beta 

estimation is: 
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where ra measures the rate of return of the stock a, rp measures the rate of return of 

the market portfolio, the cov(ra,rp) is the covariance between the stock’s and stock 

market’s portfolio rate of returns. Finally, Var(rp) stands for the squared standard 

deviation of the market portfolio return rate. In other words, the beta denotes a 

combination of volatility and correlation. Therefore, if one stock has low volatility 

and high correlation, and another stock has low correlation and high volatility, beta 

coefficient shows which one is a safer investment. Comparing the beta coefficient to 

the correlation factor we could say that, the beta coefficient accounts for both the sign 

and the magnitude of an asset’s returns change while, the correlation factor accounts 

only for the sign of the asset’s returns change.  
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1.6 Event Studies with Time Varying Betas  
 
According to Bos and Newbold (1984), the variation in a stocks’ beta could be 

attributed to either microeconomic or macroeconomic (or both) news/changes (e.g. 

company operational changes, expectations of future events, inflation, etc.). In the 

standard  Capital Asset Pricing Model the beta coefficient of a risky asset or portfolio 

is assumed to be constant. Unlikely the assumption of a constant beta, Fabozzi and 

Francis (1978) in an earlier study had suggested that betas evolve randomly through 

time. In the Fabozzi and Francis (1978) and, Bollerslev et al. (1988) studies of the 

CAPM ,there is a clear consideration for the time-varying betas. In the extended event 

study  literature discussing regulatory, political or economic announcements on stock 

markets, yields that, changes in the general business conditions might be attributed to  

microeconomic or macroeconomic reasoning which can affect market risk and return 

expectations. 

 

The present study follows the strand of literature according to which a 

macroeconomic event or a regulatory announcement is likely to affect stocks’ time-

varying betas. Ball and Kothari (1989) and, Braun et al. (1995) are two of the earlier 

field studies discussing the market shocks within a time-varying betas study 

framework. Braun et al. (1995) found a weak asymmetric effect in betas, supporting 

hence the overreaction theory.  This finding was in line with the former studies of De 

Bondt and Thaler (1989) and, Chopra et. al.(1992) who have also documented that 

inefficiency of a stock market is reflected on the overreaction of stock prices. In 

addition, Braun et al. (1995) concluded that betas are not responsive enough to 

account for the differing return performances of ‘winners’ and ‘losers’ stocks.  

 

Generally, the literature on time–varying betas can be interestingly classified into 

studies that discuss on the ‘leverage or asymmetric effect’ and studies that discuss on 

the “two hypotheses for stock price abnormalities”.   

 

Using the term “leverage or asymmetric effect”,  we refer to the asymmetric effect 

that news might cause to assets’ volatility. The leverage effect encompasses the stock 

market volatility responses to bad or good news and initially brought to light by Black 

(1976).First, Black (1976) and later on, Christie (1982) concluded that when the value 
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of a leveraged equity drops, the equity’s volatility increases due to a high leverage 

effect. They found thought that financial and operational leverage could not account 

for the asymmetry of equity’s volatility. Distinguished studies that followed were 

these of French et al. (1987) and, Schwert (1990) who confirmed the findings of 

Black (1976) and, Christie (1982). 

 

Discussing the “leverage of asymmetric effect” on time varying betas, Brooks and 

Henry (2002) supported that the asymmetric effect induces equity holders to value 

their assets as being more risky. They found that, in case a beta accounts for  a proper 

measure of the sensitivity to risk and, the risk premium increases with volatility, then 

the beta has to be asymmetric and time-varying because it follows the variance-

covariance structure of the returns which  is also time varying and  asymmetric. 

  

Moreover, according to studies such as, Poterba and Summers (1986), Bollerslev et al. 

(1988), Engel et al. (1990), Campbell and Hentschel, (1992), Cho and Engle (1999), 

etc., expected market risk premium might account for a leverage effect due to a close 

adherence of the equity’s volatility to the market risk premium. Therefore, when the 

risk-free rates are constant, an increase in market volatility could lead to a lower 

equity price due to the increase of the expected return.  

 

Another significant feature in time-varying beta models, which concerns a significant 

part of the literature on time-varying betas, is that of the controversy of “stock prices’ 

abnormalities”6. This controversy is discussed under the light of two alternative 

hypotheses.  

 

First, the hypothesis of systematic changes of expected returns in an efficient market 

framework is being considered in the studies of Chan (1989), Ball and Kothari (1989). 

A second hypothesis-explanation of “stock prices’ abnormalities” is that of an 

overreaction to information which accounts for mispricing  phenomena incurred in 

                                                 
6 See also: Fama and French (1988), Porterba and Summers (1988), Lo and MacKinlay (1990), 

Lakonishok and Le Baron (1992), Jegadeesh and Titman (1993), etc. 
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stock markets. Seminal studies discussing this hypothesis are, DeBondt and Thaler 

(1989) and Chopra et. al. (1992).  

 

Cho and Engle (1999) classify the betas, to account for the two above-mentioned  

controversial hypotheses, into the categories of, a. Idiosyncratic betas and, b. Market 

betas. According to this classification, betas may change relatively to the market and 

the non-market shocks. Discussing the above two alternative hypotheses of abnormal 

stock prices; these are related to market shocks triggered by the systematic changes 

that occur in expected returns of an efficient market. Chan (1988) and, Ball and 

Kothari (1989), provide evidences for rises of the beta of individual stocks, in 

response to abnormally negative returns (and vice versa). Therefore, time-varying 

expected returns are affected by the variation on market portfolio expected returns, the 

relative risk of the firm’s investments, and the leverage effect. 

 

The second source of shocks is that of the overreaction to information, which causes 

the mispricing of the market assets. The overreaction theory supports the contrarian 

stock selection strategy according to which, investor buy stocks that have been losers 

and sell short those that have been winners.  De Bondt and Thaler (1989) and Chopra 

et al. (1992), find evidence that stocks having recently experienced huge losses tend to 

subsequently outperform stocks that have lately experienced price increases and vice 

versa.  This phenomenon is interpreted as an overreaction to information and occurs 

in inefficient markets.  Braun et al. (1995) also provide evidences in support of the 

overreaction theory by finding no leverage effect in the betas. They conclude that 

betas do not account for the stock returns change.  

 

Andersen et al. (2006) in a distinguished statistical event study where investigated  the 

time-varying betas behaviour, documented that, even from a pure statistical point of 

view, market betas are expected to fluctuate constantly due to the fact that their 

constituent components retain the feature of persistent fluctuation.  

 

In the later literature, more event studies on time-varying betas are these of Choudhry 

(2005 a,b) and, Patton and Verardo (2009). Choudhry (2005a) studied the effects of 

the Asian financial crisis during 1997–1998 on the time-varying betas of 20 firms 
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from Malaysia and Taiwan. He employed daily data for the period 1990-2001 and 

applied a bivariate GARCH model to produce the time–varying betas for the 

examined firms. He documented that there was a clear influence of the financial crisis 

on the time-varying betas of the examined firms. However, there was not a 

consistency as regards the type of the influence across the different firms since, in 

some cases betas increased whereas, in other cases decreased. Also the Malaysian 

firms seemed to react more to the Asian financial crisis than the Taiwanese ones. 

 

In a next study in the same field of literature Choundry (2005b) discussed the effects 

of the terrorist attacks of 11th September 2001 (and the period after) using daily data 

from 1991 to 2002. He employed a bivariate MA-GARCH (1,1) model to examine the 

time-varying betas of 20 US firms. He documented that, whereas terrorist attacks of 

11th September 2001 affected the majority of the examined firms, not in all cases 

betas were affected. Furthermore, in cases where betas seem to be affected, they do 

not exhibit a rise in all cases. He additionally, concluded that market volatility 

asserted a stronger impact on the betas after the September 11th.  

 

Lately, Patton and Verardo (2009) analyse the systematic risk changes around days of 

firm-specific announcements. They employ intra-day data for 810 stocks of the S&P 

500 index for the period 1995-2006 and examine the betas change in periods around 

quarterly earning announcements. They find that betas increase during firm-specific 

news announcements in both cases of good and bad news. The increase in beta 

becomes higher for stocks that exhibit higher profit levels and for announcements that 

are perceived to be more informative and unanticipated. Last, they document a 

noticeable heterogeneity in the behaviour of betas across the different industries. 
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1.7 Defining the Framework in the ATHEX  

The study in Part I belongs in the field of financial literature that discusses regulatory 

effects event studies. Specifically, it discusses the possibility corporate tax law 

announcements, released in Greece during the period 02.01.1998-16.10.2006, to have 

changed the investing behaviour in ATHEX. An answer to the above query could 

yield important implications for the evaluation of tax policies’ efficiency and the 

systematic risk management. 

 

Initially, the study is heavily concerned with a structured data refinement process 

followed in order to assure the condition that the employed data series are generated 

by the same data generating process. It is noteworthy that in this preliminary part of 

the empirical study, there will be a special concern for the date 1.6.2001, when 

officially opens the period that ATHEX belong in the developed capital markets. 

From that date onwards, the ATHEX investors’ profile changed drastically due to the 

flight of foreign speculative capitals to other emerging markets.  

 

At the second stage, the study focus will be put on the investigation of the tax effects 

on stocks’ systematic risk. Actually, in an EMH context it is expected the corporate 

tax reforms' content to be (instantly or eventually) incorporated in stocks’ 

fundamental values. A BEKK-GARCH tax dummies model is being applied to the 

investigation of time-varying betas in a ten Greek banks' sample. The applied BEKK-

GARCH model is appropriately modified to take into account the likely corporate tax 

announcements' effect on the variance and covariance of the examined series. The 

investigation is applied on daily stock series7 (instead of Indices series) in order to 

capture the maximum possible amount of information. Relatively to that, it is 

documented in literature (see Cho and Engle, 1999) that aggregated data series result 

in a significant loss of information related to the asymmetric response to released 

news.  

To our knowledge, no other study up to now has investigated the influence of 

corporate tax law changes on stocks’ systematic risk  in a stock market i.e. ATHEX in 

this case.  

                                                 
7 For details refer to the section 2.1. 
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1.7.1 The ATHEX Stock Market in the Examined Period 

There are two distinct phases that ATHEX went through during the whole examined 

period: 2.1.1998-16.10.2006. The first phase starts on 2.1.1998 and ends on 

31.5.2001. During this period ATHEX went through fundamental institutional 

changes in an environment of over-enthusiasm, in the light of  the entry of Greece in 

the Euro zone and the up-gradation of ATHEX market. During this phase, the stock 

market rallied unlike the world leading markets. This situation fruited in an 

environment of large infrastructure projects funded by E.U., as well as, the low- 

interest bank loans which challenged a great part of country’s population to be 

involved actively. It is truth that, in the absence of a solid investment background, 

investments were made with no conscience for the majority of individuals and 

institutions. Consequently, the stock market at a large extend was dominated by 

rumors and was driven by speculative capital towards irrational level of returns. 

 

From the end of September 1999 the Greek stock market started shrinking (see 

Figure(s) 1. A.1 in Appendices) with sequential crashes that were further fueled by 

corporate governance misdeeds in many listed firms. Within such an environment, the 

release of the official announcement of Greece entering the Economic and Monetary 

Union in 19.06.2000 (effective from 01.01.2002) as well as, the ATHEX 

classification of MSCI, to the group of the world developed market (effective from 

01.06.2001), unluckily, did not prevent a massive flight of investment capital out of 

Greece. On the contrary, both events above were apparently a long time before 

discounted in stock returns, inflating further the spot market. The terrorist attack of 

11th September 2001 was the event that further worsened the investing environment in 

Greece. Apparently, by that time ATHEX was following closely the world leading 

stock markets in a new round of instabilities.  

 

The second phase starts on 01.06.20018 and ends by the end of the examined period 

(16.10.2006). During this period, as soon as the consequences of the shock of 11th 

September 2001 started fading out, ATHEX entered a new upward phase (by the 

beginning of April 2003).  

                                                 
8 The split of the studied period into two sub periods; prior and after the critical date 01.06.2001, is 

quite arbitrary. Details are included in the section 2.3. 
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It is noteworthy that, the two sub-periods (before and after the critical date 

01.06.2001) exhibit divergent statistical characteristics (in terms of the mean, standard 

deviation, skewness and kurtosis). Evidently, in Figure(s) 1.A.1 and Table 1.A.2 

descriptive statistics are inflated during the second period. The divergence of  

statistical characteristics, as well as the ascertainment of the close adherence of 

ATHEX (after 01.06.2001) to the world leading stock markets, indicates the need for 

a throughout investigation of the data generating process along  the whole period. 

 

It is important to notice here that, later studies  like these of Panagiotidis (2005) and 

Saraidaris and Margaris (2009), found evidences of a change in the ATHEX data 

generating mechanism due to Greece’s entry in Euro monetary zone and the 

upgrading of the ATHEX to the mature stock markets. In details, Panagiotidis (2005) 

found an increased efficiency in small stocks FTSEmid40 index attributed to the 

official announcement of the Greece’s entry in the Euro monetary zone. Furthermore, 

Saraidaris and Margaris (2009) found an increase in weak chaos signal, as the 

ATHEX moved from the phase of emerging to that of mature stock markets (on 

01.06.2001).  
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1.8 Literature of Event studies in the ATHEX  

 
Some of the later event studies employing data from ATHEX, are the following: 
 
Papaioannou et al. (2000) analyses on both the day of announcement and the ex 

dividend day, the price reactions to dividend yields. The study findings show 

statistically insignificant abnormal returns on both the day of announcement and the 

ex dividend day. 

 

Siourounis (2002) employs GARCH type models and tests for their validity over the 

Athens Stock Exchange Market (ASE)9 as an emerging capital market. Correct 

specification, of the different models, implies that the weak Efficient Market 

Hypothesis does not hold for ASE. There is a strong empirical evidence that ASE 

follows a pattern where last period’s daily returns are correlated with today’s returns, 

and current volatility is positively related to past realizations. Negative shocks have an 

asymmetric impact on the daily stock return series, and political instabilities increase 

volatility over time. Furthermore, the mean of the series does not change during 

periods of high volatility. 

 

Veranos et al. (2004) employing  an event study methodology, investigated the effect 

of the nomination of Athens as the host city for the Olympics of 2004, on the stock 

exchanges of Greece (winner country) vs. Italy (loser country). They found a 

significant, positive effect on the Athens Stock Exchange and, particularly on the 

infrastructure-related industries.  

 

Athanassiou et al. (2006) analyse the impact of exogenous national security-related 

shocks on the time-varying volatility structure of the Greek stock market. Alternative 

autoregressive conditional heteroscedastic models are estimated, in order to reach to 

the best fit of the models describing return volatility and test symmetric vs. 

asymmetric innovation responses. The study documents a statistically significant 

impact of national security-related shocks on the market returns. 

 
                                                 
9 ASE stands for the first official abbreviation for the Athens Stock Exchange (before renamed as 

ATHEX). 
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Tolikas and Brown (2006) use Extreme Value Theory (EVT) methods to investigate 

the asymptotic distribution of the lower tail for daily returns in the ASE, over the 

period 1986-2001. Using a moving windows technique they show that the parameters 

of this distribution appear to vary with a tendency to become less fat tailed. The study 

concludes that the models that describe the market risk measurement being able to 

exploit the evidenced time varying behaviour, could lead to accurate risk estimates 

and thus, will potentially offer important implications for risk assessment. 

 

Diamandis et al. (2007) model the volatility of the ATHEX general index. With the 

use of alternative conditional heteroskedasticity models investigate for the period 

from January 1993 to 30 June 2003, whether stock returns include incremental 

information when we model index volatility. The study concludes that the examined 

shares clearly include incremental volatility information in their returns. 

 

Fylaktis and Aristidou (2007) examining the effects of security transaction taxes on 

volatility in ATHEX, found that, there is a differential effect of transaction taxes on 

volatility during bear and bull periods.  

 

Siokis and kapopoulos (2007) examined whether the dynamics of the political 

environment affects stock prices behaviour in the ATHEX. They found that the 

conditional mean and variance of the stock market index are affected by political 

developments in Greece. In particular, concluded that different political regimes affect 

the conditional variance of the stock market index, and this is asymmetrically affected 

by past innovations. 

 

Thomakos and Koubouros (2008) analyze the monthly realized volatility of the 

ATHEX from 1985 to 2003. The analysis focuses on the distributional and time series 

properties of the realized volatility series and on assessing the connection between 

realized volatility and returns through a multi-factor asset pricing model. They find 

among other results, strong evidences on existing volatility feedback effect and a 

leverage effect, as well as an existence of asymmetries between lagged returns and 

volatility.  
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Alexakis et al. (2008) examine the privatization process of 18 state owned companies 

via the stock market initial public offering entry process for the period 1988-2006. 

They tested whether the market participants react to the listing price by buying or 

selling significantly higher or lower and, also test if the ATHEX follows the EMH as 

regards the instantaneous price adjustment to new information. They find that the 

majority of the examined companies were trading at prices not significantly different 

than the listing prices, whereas the market followed the predictions of the EMH. 

 

Dasilas and Leventis (2009) examine the ATHEX market reaction by analysing stock 

prices’ and trading volumes’ response to dividend distribution announcements for the 

period 2000–2004. They document a significant market reaction to dividend 

announcements, in support of the ‘Information content of dividends hypothesis’. 

 

1.8.1 The Literature on the ATHEX’s Data Generating Structure 

In the later years, there are only a few empirical studies concerned with the ATHEX 

market liberalization and regulation effects to the market data generating process. In 

these studies, there are found evidences of increased non linearities and features of a 

highly complex system. These evidences can be attributed to reasons such as the two 

institutional events, i.e., the official entry in Monetary Union and the official 

classification of the MSCI Greece Index to the group of developed markets’ Indexes, 

also, the overregulation of the Greek Capital Market, the behavior of speculative 

funds, etc. Apparently, such complexities can account for an information loss, 

decreased efficiency and systematic risk misevaluations, when are not taken into 

consideration in modeling systematic risk behavior. Discussing the ATHEX related 

empirical literature, we note that a large part of the studies investigate the Efficient 

Market Hypothesis whereas, other studies discuss nonlinearity, causality, chaotic or 

complex data pattern issues. 

 

The studies of Stengos and Panas (1992) and, Koutmos et al. (1993), are among the 

first studies that employ nonlinear models to investigate  for dynamic properties in the 

stock returns’ generating mechanism in ATHEX.   
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Siriopoulos (1996), applying BDS and correlation dimension tests on the ATHEX 

General Index from 1974 to 1994, concluded that non linearities in the examined 

ATHEX stock returns could not be captured with a GARCH model since, they could 

have been generated by a “semi–chaotic” process. Barkoulas and Travlos (1998), in a 

following study of the presence of chaos and deterministic nonlinear structures, 

investigated the ATHEX stock returns over the period 1981-1990. They employed 

correlation dimension, Kolmogorov entropy tests, a forecasting experiment and a 

BDS statistical test.  They found existing nonlinearities and evidence of a very weak 

nonlinear deterministic data generating process. 

 

Panas (2001) employed ARCH and Autoregressive Fractally Integrated Moving 

Average models to investigate for the nonlinearities  in a set of 13 listed firms (mostly 

banks) in the ATHEX. He found nonlinearities and additionally documented 

statistically significant evidences of a long-memory fractional process, providing 

further evidence for nonlinear characteristics in the ATHEX stock returns.  

 
Laopodis (2004) applied several tests for the investigation for structural changes, 

market integration, and efficiency and found that, the ATHEX was weak-form 

efficient and was operating as a random walk even a long time before the examined 

announcements release. He tested the ATHEX efficiency over the period 1985-2001 

in the light of the Greek financial market liberalization. His findings obviously 

contrast to the mainstream studies which documented significant gains in efficiency in 

emerging economies after their financial market liberalization. Laopodis (2004) 

supported that the ATHEX during the examined period, reflected at a large extend the 

firms’ fundamentals and economic information and for that reason was preferred from 

foreign investors. 

 

Panagiotidis (2005) examined the announcement effect of Greece joining the 

Economic and Monetary Union on 19.06.2000. He tested the EMH in the ATHEX 

from 01.06.2000 to 14.03.2003 and found that, after the introduction of Euro, the null 

hypothesis of a random walk is strongly rejected for the indices; FTSE/ATHEX20, 

FTSE/ATHEX40 and FTSE /ATHEX80.  He documented that leverage effects exist 
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and the news impact is asymmetric. He concluded also that, there existed strong 

efficiency gains in the period after the introduction of the common currency. 

 

Lately, Saraidaris and Margaris (2009) tested the ATHEX data producing pattern in 

the light of chaos evidences in the ATHEX bank and indexes return series for the 

period 02.01.1999-16.10.2006. They found a weak though clear chaos evidence that 

was interestingly decreasing after the official classification of the MSCI Greece Index 

to the group of developed market indexes on 1st June 2001. They attributed the 

evidence of a weaker chaos in the second period (i.e., after the 1st June 2001) to a 

change in the investing behaviour in the ATHEX due to capital market regulatory 

changes and the subsequent classification of the MSCI Greece Index. These reasons 

are believed to have accounted also for the substitution of a large part of domestic and 

foreign speculative funds, from long-run capital. 
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1.9 The Corporate Tax Reforms in Greece  

 
During the examined period, policy makers in Greece have taken a range of policy 

actions in order to stimulate investments with corporate tax relieves and lower 

effective corporate tax rates. The numerous changes of the corporate tax law include a 

number of Tax Acts that have been launched accordingly, from the Tax Law 

2601/1998 to the Tax Law 3299/2004. 

 

In more detail, the first Law Act 2601/1988 was published in Gazette G.N. A’ 

81/15.4.1998, and was concerned with tax relieves for business’ development and 

business investments. 

 

With the G.N. 207A’/7.10.1999 and G.N. 286A’/29.12.2000, there is a noticeable 

controversial change in taxation disposition. Specifically, at first with the Law Act 

2742/1999 there is a disposition towards a heavier taxation on stock transactions, 

whereas, the following Law Act 2874/200, cancels out the former and reduces tax 

burden on the ATHEX’s stock transactions. 

 

The International Accounting Standards (IAS) were initially launched in the ATHEX 

with the Law Act 2992/2002 which was actually concerned only with listed in 

ATHEX corporations and moreover, aimed to stimulate employment by providing 

additional corporate tax relieves. 

 

The Law Act 3091/2002, with article 28, set the rules for a fixed capital added value 

provision. Both the Law Act 2992/2002 and the Law Act 3091/2002 are tax reform 

Acts that actually modify the Law Act 2601/1998. The Law Act 3220/2004 partially 

modifies the Law Act 2601/1998 in terms of provisions for corporate tax relieves; the 

Law Act 3229/2004 also partially modifies the Law Act 2992/2002; and last the Law 

3301/2004 sets a more restrictive framework with binding deadlines for the 

implementation of the IAS in the Greek corporations. 

 

The Law Act 3296/2004 provides for the gradual reduce of the corporate tax rates, in 

a time span of four years. 
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The Law Act 3299/2004 provides to challenge business development, whereas, the 

Circular 1019/7.2.2006 recalls the business development Law Act 3220/2004 and is 

compelled by a EU directive providing for  the equal treatment of domestic and 

foreign businesses in Greece. An extended summary of the Tax laws above is laid in 

the Table 1.1. 

 

Note 1: Transaction taxes do not refer directly to corporate income taxation like the 

corporate tax rates. However, in the framework of the present study, and on the 

grounds that the tax literature regards them as significant taxes for stock market 

behaviour, we consider that they might affect the corporations’ market value and the 

stockholders’ capital gains  similarly to the corporate income tax rates .  

 

Note 2: It is important to note that, in Greece, both corporate income and dividend 

gains were taxed, for the period studied, at the same rate; the corporate income tax 

rate and taxes were levied at a corporate level. Thus, a preferential taxation issue of 

capital vs. dividend gains; that has been widely discussed in tax literature, does not 

comprise an experimental basis for the present study.  
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TABLE 1.1:  A Synopsis of the Corporate Tax Law Acts in Greece for the Period: 2.1.1998-16.10.2006 

GAZETTE 
NUMBER 

SUMMARY OF THE CORPORATE TAX LAW 10 CHANGES IN GREECE FOR THE PERIOD: 2.1.1998-16.10.2006 

G.N. 81 A’ 
/15.4.1998  
Law 2601/1998 

Corporate Tax relieves 
for businesses 
development and 
investments. 
    

     

G.N. 207 
Α’   

/7.10.1999 
Law 2742/2009 

Increase of transaction 
taxes in the ATHEX 
(from  0,35% to 0,6%). 

  

     

G.N. 286 Α’/ 
29.12.2000 
Law 2874/2000 
(Article 28) 

Decrease of transaction 
taxes in the ATHEX 
(from 0.6% to  0,3%) . 

Tax relieves for the 
1/5th of the corporate 
portfolio losses 
effective from the 
fiscal year 2000 . 

     

G.N.  54 Α’ 
/ 20.3.2002 
Law: 2992/2002 

Corporate Tax relieves 
for businesses 
development and 
investments. Effective 
from 20/3/2002. 
 

Incentives for 
corporations to apply 
IAS by the formation 
of a tax free 
depository capital of 
the same value with 
IAS launching costs 
for the start up year. 
Effective from 
20/3/2002. 

Incentives for 
merging 
corporations listed 
in the ATHEX. 
Reduces by 10% the 
Corporate Tax Rate 
for the first year of 
the merger. 
Effective from 
1/1/2002. 

Incentives for 
merging 
corporations listed 
in the ATHEX. 
Reduces by 5% the 
Corporate Tax Rate 
for the second year 
of the merger. 
Effective from 
1/1/2003. 
 

(Article 10) 
Reduces by 50% 
the costs of 
businesses research 
and development. 
Effective:1/1/2002-
31/12/2004. 

Makes obligatory 
the use of  IAS for 
all listed in the 
ATHEX 
companies.Effective 
from 1/1/2005. 

Reduce of Corporate 
tax rates in 
corporations that 
increase their 
employment. 
Effective for the 
year 2002. 
 
The STR decreases 
from 35% to 34% 
when employment 
increases by 5%. 
The STR decreases 
from 35% to 33% 

                                                 
10 Stock transaction taxes are also included in a broader view of the corporate income taxes.  



Chapter 1: The Theoretical Framework                      51                                                                              

Ph.D Thesis by Anastasios Saraidaris        
 

when employment 
increases by 10%. 
The STR decreases 
from 35% to 32,5% 
when employment 
increases by 12,5%. 

G.N. 330Α' 
/24.12.2002 
Law: 3091/2002 

(article 28) 
Sets the rules for the fixed 
capital added value 
estimation. Effective from 
1/1/2003. 

      

G.N. 15Α’ 
/28.1.2004 
Law: 3220/2004 

Modifies partly the 
corporate tax relieves of 
the Law: 2601/1998. 
Refers to the years: 2004-
2008 and is effective from 
28/1/2004. 

      

G.N.38Α’ 
/10.2.2004 
Law: 3229/2004 

Modifies partly the 
business development and 
investment Law: 
2992/2002 and launches 
the application of 
International Accounting 
(IAS) Standards for all 
listed in the ATHEX 
companies as of 
10/2/2004. 

      

G.N.263Α’ 
/23.12.2004 
Law: 3301/2004 

Modifies partly the 
business development and 
investment law: 
3229/10.2.2004 as to the 
implementation of the 
International Accounting 
standards (IAS). Effective 
from 1/1/2005. 
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G.N.253 
/14.12.2004 
Law:  3296/2004 

Decrease of transaction 
taxes in ATHEX from 
0,3% to  0,15%. 
Effective from 1/1/2005. 

Modifies the tax 
treatment for the 
listed Banks’ fixed 
assets added value. 
(Modifies the article 
15 of the Law: 
3229/2004). 

Reduces gradually 
the Corporate 
Statutory Tax Rates 
(STR) from 35% for 
the year 2004 to 
25% for the year 
2007. 
 
The STR for the 
year 2005 is set to 
32% . 

Reduces gradually 
the Corporate 
Statutory Tax Rates 
(STR) from 35% for 
the year 2004 to 
25% for the year 
2007. 
 
The STR for the 
year 2006 is set to 
29%. 
 

Reduces gradually 
the Corporate 
Statutory Tax 
Rates (STR) from 
35% for the year 
2004 to 25% for 
the year 2007. 
 
The STR for the 
year 2007 is set to 
25%. 

  

G.N.261A’ 
/23.12.2004 
Law: 3299/2004. 

Tax relieves for business 
development. Effective 
from 1/1/2005. 

      

The Circular 
No:1019/7.2.2006, 
recalls the 
Tax Law No: 
3220/2004 for the 
years after  
01.01.2005. 
 

Recall of the tax relieves 
for the years after 
01.01.2005 under the 
E.U. directive for equal 
opportunities in business 
practices for foreign and 
domestic corporations. 
Effective from 7/2/2006. 

      

 
Notes: Gazettes included in the study are provided from the National Printing House site: www.et.gr.The articles in press are electronically assessed and categorized through 
Greek newspapers’ web sites or occasionally, where needed, collected in paper. For the needs of the present study, tax announcements concern only written news and therefore, 
rumours or news transmitted on radio or TV are not included. Naftemporiki, for the period of study, was a top daily financial paper in terms of readability with the most 
comprehensive web stock portal. Kathimerini, for the time examined, was among the top daily political newspapers with an extensive financial session while additionally, 
maintains a quite extended articles’ web data base. 
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1.9.1 Critical Dates for the  Corporate Tax Law Changes 

It is worth noting that, when referring to events in the form of announcements, event 

studies become quite arbitrary as to the specification of the event date ‘0’, as well as, 

to the appropriate setting of the event window. In this study there is special 

consideration about the way corporate tax laws access the Greek stock market. This 

access is obviously influenced by the extent at which the tax announcements are 

anticipated, the efficiency of stock market as information transmission channel and 

also, the nature of the announcements itself. Obviously, in the case of Greece, the 

dominant feature of the tax news dissemination process is that they are extensively 

debated in the policy arena. Therefore, there is a rather extended time-window from 

the point tax news first enter the stock market, to the point they come into effect as tax 

laws. 

 

For the needs of the present study, we locate and record four different groups of dates 

at which a corporate tax law could enter the capital market; the date on which the first 

article was published in the daily press, the date on which a bill becomes a Law in the 

Greek parliament, the date on which the Law become effective and the date of the 

official publication of the Tax Law in the Gazette. These dates will provide the basis 

for scheduling the tax event dummies in a five day windows, before and after each 

critical date (see Table 1.2). 
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TABLE 1.2:  Critical Dates for the  Corporate Tax Law Acts in Greece (period: 2.1.1998-16.10.2006). 

 

TAX  LAW ACT 
GAZETTE NUMBER OF 

LAW PUBLICATION 

DATE OF LAW 
OFFICIAL 

PUBLICATION 

DATE OF BILL VOTING 
IN PARLIAMENT 

EFFECTIVE AS OF 
DATE 

DATE OF THE FIRST  
RELEVANT 

ANNOUNCEMENT IN 
DAILY PRESS 

L 2601/1998 G.N.  A'81/15.4.1998 15/4/1998 7/1/1998 1/1/1998 3/1/1998 (Naftemporiki) 
L 2742/1999 G.N.  207Α’/7.10.1999 7/10/1999 23/9/1999 7/10/1999 8/9/1999 (Naftemporiki) 
L.2874/2000 G.N.  286Α’/29.12.2000 29/12/2000 12/12/2000 1/1/2001 5/12/2000 ((Naftemporiki) 
L 2992/2002 G.N.  54 Α'/ 20.3.2002 20/3/2002 11/2/2002 20/3/2002 8/9/2001 (Kathimerini) 
L.2992/2002 G.N.  54 Α'/ 20.3.2002 20/3/2002 11/2/2002 1//1/2002 8/9/2001 (Kathimerini) 
L.2992/2002 G.N.  54 Α'/ 20.3.2002 20/3/2002 11/2/2002 1/1/2003 8/9/2001 (Kathimerini) 
L.2992/2002 G.N.  54 Α'/ 20.3.2002 20/3/2002 11/2/2002 1/1/2005 8/9/2001 (Kathimerini) 
L.3091/2002 G.N.  330 Α'/24.12.2002 24/12/2002 2/12/2002 1/1/2003 21/3/2002 (Naftemporiki) 
L.3220/2004 G.N.  15Α’ /28.1.2004 28/1/2004 7/10/2003 28/1/2004 7/6/2003 (Naftemporiki) 
L.3229/2004 G.N.  38 Α’/10.2.2004 10/2/2004 14/1/2004 10/2/2004 2/8/2003 (Naftemporiki) 
L.3301/2004 G.N.  263 Α’/23.12.2004 23/12/2004 3/12/2004 1/1/2005 21/3/2004 (Kathimerini) 
L.3296/2004 G.N.  253 Α’ /14.12.2004 14/12/2004 31/11/2004 1/1/2005 30/10/2003 (Kathimerini) 
L.3296/2004 G.N.  253 Α’ /14.12.2004 14/12/2004 31/11/2004 1/1/2006 30/10/2003 (Kathimerini) 
L.3296/2004 G.N.  253 Α’ /14.12.2004 14/12/2004 31/11/2004 1/1/2007 30/10/2003 (Kathimerini) 
L.3299/2004 G.N.  261 A’/23.12.2004 23/12/2004 23/11/2004 1/1/2005 30/10/2003 (Kathimerini) 

Circular: 1019/7.2.2006 
 

- 7/2/2006 - 7/2/2006 28/1/2006 (Naftemporiki) 

 

Notes: The Circular No: 1019/7.2.2006, recalls the Tax Law No: 3220/2004 for the years 2004 and 2005. In cases when a corporate tax law includes articles that come into 
effect on various dates, the tax law is repeated at a line below, as many times as the number of different articles.   
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1.10 Tackling Methodological Limitations 
 
The present study is closer, from a methodological point of view, to the studies 

exploring news/announcements’ effects than to the tax clientele or transaction taxes 

effect studies. It employs a long-horizon event window and disaggregated data of 

individual stock return series instead of the market models frequently employed in the 

field literature on aggregate return series (e.g., CAPM, AARs, CARs, BHARs). The 

study employs the time-varying betas methodology and examines the effects of the 

tax law announcements on the variance and covariance of bank stock series using 

appropriately modified BEKK-GARCH tax models. We used daily frequency return 

data series of individual bank stocks because, according to Cho and Engle (1999), the 

asymmetric response of beta to good and bad news may be smoothed when aggregate 

data are used. 

 

This study is specially concerned with the elimination of the likelihood of having 

errors of type I or II keeping an eye also, on evaluating the findings with an 

economically rational interpretation. In other words, the study focuses on the increase 

of the constructed event model statistical significance within a comprehensive, in 

terms of the interpretation, framework.  

 

An extensions of  the research to the maximum feasible set of listed in the ATHEX 

stocks-even in case that accounted for all the likely shortcomings of  data errors; the 

randomly scattered no trading dates of each individual stock and  the corporate 

actions announcements and events- it would probably end up with results poor  in 

terms of interpretation. In other words, if it is not followed an appropriately scheduled 

methodology and a structured data work out plan, it would become rather puzzling for 

the researcher to summarize and retrieve meaningfully the bulk of data and arrange 

findings in an plausible way to reach economically meaningful conclusions. 

 

Therefore, the issues of concern in the present study are centred on: the adjustment of 

the appropriate event window considering the ATHEX peculiarity, the extensive and 

adjustable set of the tax dummies and last, the meaningful set up of the most 

representative and responsive to fundamentals; group of series to be investigated. For 
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the reasons above, we have to go through an extended exploration of the ATHEX data 

patterns. 

 

This study follows a line according to which, neither the more is better, nor the 

‘shining-found effects’ should be the only excepted answer to the tax effect hypothesis 

tests. At the end of the day, the methodological limitations are inherent to the long-

horizon window event studies and, what a researcher can do about, is to try to 

minimize them benefiting from the respective literature recommendations.  

 

Overall, this study of tax effects is characterised by the following features:  

• It is based on the recent literature on EMH and complex dynamics in the 

ATHEX for the examined period. 

• It examines in depth the ATHEX’s nonlinear characteristics, data outliers and 

statistical properties through a multiple event window setting. 

• It takes into consideration the effects of the upgrading of the ATHEX by 

Morgan Stanley. 

• It sets the length of the examined event window considering the data-

generating mechanism and the stock market properties. 

• It considers alternative critical dates in the light of the extensive debate on tax 

policy arena. 

• It explores the time-varying betas to account for the frequently cited 

conditional variance increase during the event windows. This factor 

complicates the interpretation when abnormal returns are found in studies 

using market models. 

• The selection of a BEKK-GARCH model, according to the literature, is 

believed to be an appropriate one for the description of the conditional 

variance evolution, an argument upheld by the findings of the study.  

• The study investigates the tax effect on stock betas to offer valuable 

information on the risk modelling strategies in long-run portfolio management 

within an ambiguous and unstable tax policy environment. 

• Finally, the selection of the bank series to apply the BEKK-GARCH modified 

tax model is grounded in the literature findings, according to which the bank 

sector constitutes a reliable transmission channel that interrelates the real 
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economy with the spot market and vice versa. Institutional as well as 

individual bank shareholders are mostly aware of the corporate world’s 

fundamentals and of the surrounding market regulatory and macroeconomic 

environment.  

 
 
 



58                                                                                                                     Part I: Stock Market Effects 
 
 
   

Ph.D Thesis by Anastasios Saraidaris 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Chapter 2: The Empirical Application  59    
 

Ph.D Thesis by Anastasios Saraidaris      
 

CHAPTER 2 

The Empirical Application 
 

2.1 Data  
 

This section includes a discussion of the data employed in the study. Specifically, the 

data consists of ten Bank stock return series and the Athens stock exchange Indices; 

the ATHEX Composite Index (ATHEX), the FTSE/ATHEX 20 Index (FTSE20), 

FTSE/ATHEX Mid 40 Index (FTSE40).11 The study covers the period: 02.01.1998 - 

16.10.2006. The data series comprise of daily return series on a five-day trading week 

basis. In order to retain the maximum number of observations along all the series 

used, we excluded those banks that were  listed in ATHEX later than 2.1.1998 as well 

as, those banks that were delisted for any reason from the ATHEX during the period 

of the study. In order to overcome the problem of no-trading days (due to holidays, 

corporate actions or, stock market technical causes) for some of the return series, we 

assume for these days the same value of returns with this of the last trading day. 

The application of the Augmented Dickey-Fuller stationarity tests, shows that all 

stock and Indices series become stationary in their first log-differences (see Table(s) 

1.A.6 in Appendices). Therefore, all data series used in the study are turned in first 

differences of their logarithmic stock prices (dlnprice). 

All series are also tested for autocorrelation and heteroscedasticity.12 The special 

interest for the bank sector yields from the decisive role that in all capital markets 

(regardless the level of the stock market development) the bank sector possesses. In 

financial literature it is widely accepted that the stocks trading in the bank sector 

constitute the most credible channel through which the Real Economy connects to the 

Stock Market. An additional reason for the selection of the bank stocks in this study is 

that, the bank sector is the one with the least no-trading days. Thus, the selection of 

bank series guarantee the circumvention of a problem that could otherwise bias the 

study’s estimations undermining  the reliability of the examined data. 

                                                 
11 The Indices FTSE/ATHEX 20 and  FTSE/ATHEX Mid 40 are also included in the preliminary tests 

section,  in order to check for differences with  the ATHEX Composite Index. 
12 see Section 2.2.1. 
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The examined ATHEX indices represent aggregations of different groups of 

companies and stock trading characteristics. Below follows a short description of the 

construction criteria of the employed indices; ATHEX Composite Index (ATHEX), 

the FTSE/ATHEX 20 Index (FTSE20), FTSE/ATHEX Mid 40 Index (FTSE40): 

• The ATHEX Composite Index (ATHEX) shows the performance of shares 

listed in the high capitalization. ATHEX is characterized by features such as, 

participation of only one class of ordinary voting shares for each company 

listed in the high capitalization category, it includes shares with a free float 

higher than 20%, etc. 13 

 

• The FTSE/ATHEX 20 Index (FTSE20), denotes  the high capitalization Index 

and is comprised from the 20 largest companies (blue chips) listed in the 

ATHEX stock market. Some of the  FTSE/ATHEX 20 shares’ eligibility 

criteria refer to; capitalization, liquidity and free float of shares as agreed by 

the FTSE/ATHEX Indices Advisory Committee. 14 

 

• The FTSE/ATHEX Mid 40 Index (FTSE40) stands for the middle 

capitalization Index, and serves to tracking the performance of the next (to the 

20 companies included in FTSE20) 40 companies listed in the ATHEX’s high 

capitalization category. Some of the FTSE/ATHEX Mid 40 shares’ eligibility 

criteria are: capitalization, liquidity and free float of shares as agreed by the 

FTSE/ATHEX Indices Advisory Committee. 15 

 

The study covers a period that includes two dates of a special importance; the official 

announcement of Greece entering the Monetary Union of Euro (on 19.06.2000) and 

also, the Morgan Stanley Capital International (MSCI) classification change for  

ATHEX stock market  to the club of the mature stock markets as of 1st June 2001. 

Also, the examined period expands a long time before and after the official 

announcement of the above events. 

                                                 
13 Information for indices is available from:  http://www.ase.gr/content/en/Ann.asp?AnnID=42200 
14 As above. 
15 As above. 
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Apparently, the examining of this period offers a unique experimental framework to 

test for structural breaks and outliers and, subsequently to account for likely changes 

in the series structure, reforming appropriately the latter steps of the study.  

2.1.1 The Data Refinement Procedure: Diagnostics and Preliminary Tests  

As evidenced in the event studies literature (see Kothari and Warner 2006) the 

appropriate arrangement of an event window, as well as, the control of homogeneity 

in returns’ generating process are two issues that merit a special concern in event 

studies. 

 

Therefore, in the following sections we run a set of diagnostics and preliminary tests 

to investigate for structural breaks, changing non linearity and data outliers in the 

return series. The above are useful tests that contribute in accounting for the factor 

homogeneity in the data generating process and help adjusting the event window to 

increase credibility in the investigation of  the effects of tax news announcements in 

the Greek capital market. 

 

In the field empirical literature there are evidences that when a stock market enters 

into the emerged phase; the trading behaviour changes and the market becomes more 

efficient. 

 

It is noteworthy, that studies discussing efficiency issues on ATHEX for the period 

before 2001 are mostly inconclusive, while there are evidences in later studies (see 

Panagiotidis, 2005 and, Saraidaris and Margaris, 2009) that the two constitutional 

events of the entry in the Euro zone and the classification change of ATHEX, seem to 

affect the data generating underling mechanism. This is something that we are going 

to test also in the framework of the present study. 

 

At this point having in mind the latest findings of empirical literature in ATHEX and 

also, considering the guidelines of Kothari and Warner (2006) as to the enhancement 

of the event studies credibility, we investigate the nature of the ATHEX data 

generating process in terms of non linearity, structural breaks and  data outliers. The 

above tests are implemented both for the whole event window as well as, for the two 
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sub periods that this will be split into; examining uniformity in the stock market 

characteristics. 

 

Figure 2.1: Break down of the event window for the implementation of the ATHEX 

stock market nonlinearity Tests. 

 
 
 
 
 
 
 
 
 

 

The testing process for the ATHEX nature and data characteristics as well as, the core 

event study tests are implemented in the following sequence of steps: 

 

a. Examine the stationarity, autocorrelation and heteroskedasticity on the bank 

and Indices return series initially for the period 02.1.1998-16.10.2006. 

b. Extract the data statistical diagnostics to account for normality, kurtosis and 

skweness for the three periods of concern (A, B and Full period). 

c. Examine the existence of structural breaks in the whole period of concern. 

d. Investigate the examined period changes  effect on the identified data outliers  

and discuss the role of the appropriate length settings. 

e. Examine for non linearities in the mean and variance of the Bank and Indices 

return series in the light of a changing length of the event window according to  

ad hoc or estimated structural breaks. 

f. Summarize findings as to the ATHEX dynamic characteristics and the data 

generating mechanism for the three periods examined. 

g. Adjust appropriately the event window. 

h. Proceed with the construction of a BEKK-GARCH modified with tax 

dummies model. 

i. Evaluate the tax reforms effect on the time varying betas. 

02/01/1998 16/10/2006

02/01/1998 31/05/2001 
01/06/2001 16/10/2006

 

Sub-period A 
Sub-period B 

Full window period 

 
 

 The Event Window 
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j. Summarize findings as regards the effect of the corporate tax reforms on the 

time varying betas and discuss implications for policy making and risk 

modelling efficiency within a volatile tax environment. 
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2.2 Investigation of the ATHEX Dynamics  

2.2.1 Preliminary Tests: Stationarity, Autocorrelation, Heteroscedasticity and Data 
Descriptive Statistics  

Discussing the results on the first two steps of the testing process (testing steps “a” & 

“b” ) we could say that, in terms of the mean, standard deviation, skewness and 

kurtosis the two sub-periods exhibit clearly different statistical properties since; all 

stat figures are inflated during the second period compared to the first one. The above 

finding indicates also an obvious change in investing strategies in the ATHEX after 

the 01.06.2001. The different nature of statistical characteristics in the two sub 

periods before and after 01.6.2001 clearly compels the need for a separate 

investigation of nonlinear evidences in the Greek stock market in the two distinct 

periods. Next we proceed with the non linearities and efficiency tests in the ATHEX  

(Tables: 1.A.6, 1.A.7 & 1.A.8). 

2.2.2 Distinguishing Structural Breaks from Data Outliers 

When modelling financial data series we normally come across features such as, non 

normality in residuals’ distribution and, non linearity in mean. These features can be 

attributed alternatively to causes such as; the nature of the underlying data generating 

mechanism, data errors, or moreover, to structural changes and/or data outliers (other 

than data errors). Structural breaks and data outliers represent data deviations from the 

standard data generating process. 

 
In defining a structural break we could simplistically say that it is a change (break) in 

the parameters, or eventually the structure, of a financial model. Koop and Potter 

(2000) support that the models where data dynamics change permanently in a way 

that it cannot be predicted by data, are structural break models. Apparently, a variable 

is likely to experience various structural changes as it evolves over time. As Hendry 

(2000) points out “Structural change and dynamics are inherent facets of economic 

life…”. It is widely accepted that a structural change is related to the way that agents 

react to different shocks driven by institutional, political, or economic reforms. 

“Breaks or jumps in the parameters that relate security returns to state variables 

could arise due to a number of factors, such as major changes in market sentiments, 

burst or creation of speculative bubbles, regime switches in monetary and debt 
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management policies...Similarly, if predictability of returns partly reflects market 

inefficiencies and not just time-varying risk premia, then such predictive relationships 

should disappear once discovered provided sufficient capital is allocated towards 

exploiting them.” (Pesaran and Timmermann, 2002). 

 

The presence of structural breaks is among the possible causes of resulting non 

linearity (in mean or/and variance). Structural breaks are expected to paly a 

significant role in the emerging markets’ data generating patterns, at the stage where 

these markets evolve towards their developed phase. Dealing with structural breaks is 

a quite delicate procedure when the arrival of a structural change in a financial model 

parameters is accompanied with highly nonlinear variables.  

 

Additionally to the structural breaks, a second source of nonlinearity in stock data 

structures is that of outliers. Outliers actually represent the unpredictable large shocks 

affecting only temporary the stock data. A definition of an outlier depends merely on 

the data structure as well as on the applied detection method. According to Hawkins 

(1980), an outlier is an observation that deviates so much from other observations as 

to arouse suspicion that it was generated by a different mechanism. Barnet and Lewis 

(1994) indicate that: “…an outlying observation, or outlier, is one that appears to 

deviate markedly from other members of the sample in which it occurs” . Besides, 

they say that not all outliers are illegitimate contaminants, and not all illegitimate 

scores show up as outliers. It is therefore important to consider the range of causes 

that may be responsible for outliers in a given data set.  They add that what should be 

done about an outlying data point is at least partly a function of the inferred cause.  

The value of the information yielding from the isolation and examination of the 

outliers in data sets is highlighted by Zellner (2007) who is strongly against robust 

methods. He attributes breakthrough theories in economics like; these of consumption 

and the CES production function, as examples of unusual or surprising findings that 

produced from the careful examination of changes in data retrieval. He claims also 

that: “…In view of the potential importance of unusual and surprising data, it is 

troubling to see how often outlying observations are discarded without thought or 

averaged with usual observations by means of ‘robust’ techniques” .  
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Unlikely the Zellner (2007) findings, economics literature in its majority treats the 

occurrence of outliers unsystematically and merely as a data contamination problem. 

Data contamination refers to any measurement, recording or typing errors that 

constitute faulty observations.  

 

According to Hampel et al. (1986), the frequency of data errors in the so-called 

“ routine data” varies from 1% to 10%, whereas in “high quality data” there are 

virtually no errors of this kind. Normally, survey data contains measurement errors. 

Such contaminations might occur from misreporting, or the presence of data miscoded 

errors such as the common decimal-point error.  However, there are data values, 

though not false, clearly extraordinary and seemingly irrelevant to the rest of the data. 

Outliers could bias the study estimates and therefore should be identified and 

determined as far as the underling mechanism that generated them. Barnett and Lewis 

(1994), stress the importance of the identification and handling of these outlying 

observations. 

 

In a part of the literature discussing data outliers in financial series, outliers are 

classified as follows: 

 a. Additive Outliers (AO); affect a single observation at some points future values of 

the examined time series. 

b. Innovational Outliers (IO); affect temporarily as an innovation the time series with 

the same dynamics. 

c. Level Shifts (LS); increase or decrease all the observations from a certain time 

point onward by some constant amount. 

d. Temporary Changes (TC);  allow an abrupt increase or decrease in the level of a 

series that returns to its previous level exponentially rapidly.  

Apparently, AOs and IOs are related to exogenous shocks  and temporarily 

endogenous changes, whereas, TCs and LSs are closer to what we name as a 

structural change.  

 
In financial time-series, data outliers may be the consequence of structurally unusual 

events such as a market crashes.  Johansen and Sornette (2001) analyzing the major 

financial indices, the major currencies, gold, the twenty largest U.S. companies in 
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terms of capitalisation, as well as, nine others chosen randomly, reaches the 

conclusion that large stock market price drawdowns constitute outliers.  

 

Tolvi (2001) shows that, the evidence for nonlinearity in eleven examined Finnish 

macroeconomic time series, is reduced after taken into account the outliers. Therefore, 

in examining economic data any potential outliers should be considered seriously, no 

matter what the ultimate aim or the model being used may be. 

 

In Bali and Guirguis (2007), financial time series modelling with ARCH and GARCH 

models is likely to give a false occurrence of non-normality generated by outliers. 

Specifically, they conclude that: “…Most studies employing ARCH and GARCH 

models document the existence of severe excess kurtosis in the estimated residuals. 

This non-normality may be due to model misspecifications, structural changes, or 

outliers...Correcting outliers dramatically reduce the non-normality and bias in the 

estimated coefficients for small samples”. 

 

Villavicencio (2008) examines the behaviour of Smooth Transition Autoregressive 

(STAR) models for the real exchange rates of 14 countries. She shows that, while it is 

possible that evidence of non-linearity exists for some real exchange rates, outliers 

and non-linearity may be easily confused. It is also possible that the nonlinear 

properties of the series are reflected in a few observations. Also, according to Van 

Dijk (1999) and Kyrtsou and Malliaris (2009), the unlucky removal of these abnormal 

observations could therefore destroy intrinsic non-linearity.  

 

From the above we conclude that, the distinction between a structural break and an 

outlier is a difficult task since both the outliers and structural breaks might account for 

the non-linear features of a given time series, whereas they affect in a different way 

the series’ underlying dynamics. Therefore, while outliers cause only temporal 

distortions, structural breaks account for the permanent changes in the dynamic 

behaviour of the data generating mechanism in a stock market. Hence, an 

identification procedure of structural changes prior to an outlier selection 

methodology would prevent us from biased conclusions. 
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Discussing about the methodologies being employed for the identification of 

structural breaks, in earlier literature we distinguish the study of Perron (1989) which 

was among the first studies that investigated for one or more breaks into the unit root 

test. Some years later, Zivot and Andrews (1992) developed a method for calculating 

the breakpoints endogenously. Lumsdaine and Papell (1997) extended the Zivot and 

Andrews test with incorporation of breaks in both level and trend. However, as Lee 

and Strazicich (2003) have shown the Zivot and Andrews-type tests can give spurious 

rejections in the presence of structural breaks. To avoid similar problems we will 

apply the endogenous one-break LM unit root test proposed by Lee and Strazicich 

(2004). 

 

Discussing about the outliers’ identification methods, Ben-Gal (2005) comments that:  

“ in presence of outliers, special attention should be taken to assure the robustness of 

the used estimators. Outlier detection for data mining is often based on distance 

measures, clustering and spatial methods”. He distinguishes the outlier detection 

methods into two main categories, the category of univariate methods and that of 

multivariate methods. Outlier detection methods can also be classified as parametric 

(or statistical) and nonparametric. The last category accounts for model-free methods. 

 

Parametric or statistical methods are based on the construction of a probabilistic data 

model with the use of mathematical methods of applied statistics and probability 

theory. These methods either assume a known underlying distribution of the 

observations (e.g., Grubbs 1969, Stefansky 1972, Barnett and Lewis, 1994) or, they 

are based on statistical estimates of unknown distribution parameters (eg. Caussinus 

and Roiz, 1990). These methods identify as outliers all observations deviating from 

the model distribution assumptions. 

 

In the literature of event studies in the stock markets, there have been applied various 

methods to test for long-run abnormal stock returns merely based on Capital Asset 

Pricing Models. Lyon at al. (1999) analyzed a variety of tests for the calculations of 

long-run abnormal returns and found that, only two approaches yielded well-specified 

test statistics in random samples. The first approach was the buy-and-hold abnormal 

returns approach, which was implemented with the use of constructed reference 
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portfolios. The second approach included the calculation of mean monthly abnormal 

returns with the use of calendar-time portfolios and time-series t-statistics. He 

recommended the study of long-run abnormal returns to include also an out-of-sample 

testing, for example in different time periods or across many financial markets. 

Besides, recommend these studies to be strongly rooted in theory, which might, for 

example, emanate from traditional models of asset pricing or from the systematic 

cognitive biases of market participants. 

In the following two sections we will employ the methods of Minimum Lagrange 

Multiplier Unit root tests and the Grubbs outliers’ detection test to locate the likely 

structural breaks and outliers respectively in the examined time period. 

2.2.3 The Structural Breaks Identification   

Examining for structural breaks (testing step “c” ) we follow the Lee and Strazicich 

(2004) one structural break-minimum LM test procedure. Lee and Strazicich (2004) 

assume the following data generating process: 

,y Zt t tδ= + Χ                                                        (2.1) 

 
                         1t ttβ εΧ = Χ +−                                                      (2.2)  

 
The unit root Ho hypothesis (there is a unit root) exists when β=1. Where Ζt is the 

matrix with exogenous variables. Zt is described by [1, t, Dt,]
’, where Dt=1 for t≥TB+1 

and zero otherwise, while TB denotes the time period of the structural break. So, 

∆Zt=[1,B t, Dt]
’, where Bt=∆Dt and Dt=∆DT*

t. The Model C (proposed by Perron, 

1989) allows for a shift in intercept and, under the alternative hypothesis, a change in 

trend slope. Model C  can be described such as Zt=[1, t, Dt, DTt]
’ , where DTt =t-TB  for 

t≥TB+1, or zero else. Starting with the Model C,  two changes are included in both 

level and trend.  

 

According to the Lagrange Multiplier principle, unit root test statistics are obtained 

from the following regression: 

      1
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                                        (2.3) 
 

( )2
0,t Niid σε ∼  
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Where δ−ψ−=

~
Z~yS

~
txtt  is a de-trended series with t=2,….,T. The symbol δ

~
 

denotes a vector of coefficients in the regression of variable ∆yt on ∆Zt and, 

δ−=ψ
~

Zy~
11x .  ∆yt and ∆Zt are the first differences of variables yt and Zt respectively. 

 

In order to correct for autocorrelation we add the term St i∆ −ɶ where i=1,…,k. 

The unit root null hypothesis is described by φ=0, and the LM test statistic is: 

τ~ = t-statistic for the null hypothesis φ=0, 

The location of the structural break Tβ yields from testing for all possible break points 

for the minimum (most negative or maximum in absolute values) unit root test t-test 

statistic.The LM unit root test can endogenously determine the one break by utilizing 

the following process: 

LMτ=Inf λ τ~ (λ)                                                        (2.4) 

 

As it is shown in Lee and Strazicich (2004) the critical values for Model C depend on 

the location of the breaks λ =TB/T, where T is the number of observations. The results 

are summarized in the following Table 2.1.  

 
TABLE 2.1:  The Structural Breaks with the one-break minimum LM unit root test.  

Series k
⌢

 BT
⌢

 

Test 
statistic 

( BT
⌢

) 

Estimated 
Dummy 
Values 

(Dt) 

Test 
Statistic 

(Dt) 

Break Points 
(λ= ΤB/T) 

 

Critical values 
(significance   
level 5%) 

Alpha 4 20/09/01 -2.148 -0.0029 -1.701 0.4 -4.50 
Tatt 8 09/08/00 -2.964 -0.0078 -3.223 0.3 -4.45 

Egnak 1 28/06/01 -2.136 -0.0048 -1.775 0.4 -4.50 
Egnap 1 20/03/00 -1.993 -0.0076 -2.516 0.3 -4.45 

Ete 8 25/09/01 -2.491 -0.0042 -2.311 0.4 -4.50 
Eurob 8 26/04/99 -2.612 -0.0106 -4.031 0.2 -4.47 
Tell 4 17/04/00 -2.625 -0.0037 -2.901 0.3 -4.45 

Temp 4 05/09/00 -1.883 -0.0052 -3.142 0.3 -4.45 
Tgen 7 22/11/00 -2.011 -0.0044 -2.181 0.3 -4.45 
Tpeir 8 28/09/01 -2.167 -0.0041 -1.925 0.4 -4.50 
Ftse20 1 20/07/01 -1.885 -0.0025 -1.775 0.4 -4.50 
Ftse 40 3 11/09/00 -1.861 -0.005 -3.051 0.3 -4.45 
ATHEX 1 22/11/00 -1.865 -0.0031 -2.266 0.3 -4.45 

 

In the Table 2.1, we denote with k
⌢

 the optimal number of lagged first-differenced 

terms that should be included in the unit root test to overcome likely data serial 

correlation.  
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With BT
⌢

 is denoted the estimated break point and, Dt denotes the estimated dummy. 

If Test statistic < critical values for the one-break minimum LM unit root test, then 

the null hypothesis is accepted (thus, Ho: there is a unit root). Dummies’ Test statistic 

denote statistical significance for Dt (in all cases the estimated dummies are statistical 

significant). 

 The location of a break is denoted as λ= ΤB/T, and the critical values in Model C is 

symmetric around λ and (1-λ). The last column includes the critical values for the one 

–break minimum LM unit root test at 5% significance levels.16  

 

In the above investigation we note that we employ the Banks’ and Indices returns 

series in the endogenous one-break minimum LM unit root test process. In detail, we 

apply the Lee and Strazicich (2004) model to investigate for the existence of one-

break minimum LM unit root. An examination of the results summarized in Table 2.1 

reveals that in all examined series there is one significant break in level and trend. We 

notice that the found breaks (but in the case of Eurob) are scattered in various dates 

around July 2000 and June 2001. The diversity of the dates of structural breaks, 

despite their clear concentration within a critical period around the 01.06.2001, 

reflects in a way the asymmetric reactions of the various investors’ groups, who 

following diversified investment practises invest in shares with different trading 

characteristics (in terms of volatility, price/earning ratios, etc). Asymmetric reactions 

are inherent to the heterogeneity existing in modern financial markets, which seems to 

fuel sudden changes in stock returns. The asymmetric reactions for the period studied 

are investigated in the light of the two constitutional events: a. Greece’s officially 

announcement of joining Economic and Monetary Union (released on 19.06.2000) 

and mainly, b. The Athens Stock Exchange’s upgrading by the Morgan Stanley 

(effective from 01.06.2001), which are suspected to have influenced heavily the 

investing in ATHEX strategies thereafter.  

It is important to note also that, first rumours relatively to the above two constitutional 

events, were released a long time before the events’ official announcement. The 

findings are in line with the literature discussing stock markets’ reactions, according 

                                                 
16 The critical values for significance levels 1% and 10% can be found in Lee and Strazicich (2004). 
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to which, structural changes are found either after unexpected announcements release 

or as soon as, sudden events occur. 

2.2.4    Data Outliers Identification 

Grubbs’ test which is  also known as the maximum normal residual test, is used to 

detect outliers in a univariate data set and is based on the assumption of normality 

which is apparently faulty here where, data distribution is leptokurtic17. Subsequently, 

in this study, we expect to have the maximum feasible number of outliers (instead of 

the most accurate number of outliers).  

 

Grubbs’ test detects one outlier at a time, which is consequently expunged from the 

data set and the test is iterated until no outliers remain. However, multiple iterations 

alter the probabilities of detection and are best suited to large data sets. 

 

Grubbs’ test is defined for the following hypothesis: 

H0:  No outliers exist in the data set, 

H1:  At least one outlier exists in the data set. 

 
Grubbs’ Test Statistic (G-stat): 

σ

YY
G

i −
=

max
  (2.5) 

 
Y and σ denote the sample mean and standard deviation respectively. The G-stat is the 
largest absolute deviation from the sample mean in units of standard deviation. 
 
The null hypothesis is rejected by the following critical region: 
 

( )
)2),2/((

2
)1),2/((

2

1

−

−

+−
×

−
>

NN

NN

TN

t

N

N
G

α

α
                                (2.6) 

 
t2(α / (2N), N – 2) denotes the critical value of the t-distribution with (N – 2) degrees of 

freedom at a  significance level α / (2N). 

 
For the needs of the present study as regards the application of outliers and the non 

linearity tests on the examined data, we are interested in finding the most feasible data 
                                                 
17 In any case, outliers by default affect the normality in data distribution. 
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outliers in the light of the tax events study (testing step “d” ). Apparently, the found 

outliers cannot be related to likely corporate tax law effects. In any case, looking for 

outliers, in the name of abnormal returns with statistical significance over 10%, 

beyond the ad hoc faulty assumption of normal returns distribution18, it is rather 

subjective according to the method used. Taking a closer look on the outliers found in 

this test, it is clear that only the 11th September 2001 terrorist attack effect is an 

evident abnormal return (negative return at a significance level of 10%) due to an 

announcement shock and, is found in the majority of the examined series. Obviously, 

other outliers might also be resulted from other world macroeconomic events but 

being scattered randomly across the bank and Indices series makes risky an attempt 

for drawing conclusions.  

With the data outliers’ test we find that outliers (irrelatively to their source) change 

not only according to the examined event window but also (when we split the 

examined periods), according to the ad hoc or estimated structural breaks of the 

individual series (see Tables 2.2&2.3). In other words outliers are very sensitive and 

subjected to the time span of the test. 

The sensitivity in the outliers' occurrence reveals that setting appropriately the event 

window is a key issue when investigating stock returns’ distributions and 

subsequently, the stock markets’ data generating mechanism. Moreover, as it is well 

evident in the field literature, outliers play an important (though not fully explored in 

literature) role on the returns’ distribution, on the exhibited returns’ non linearity and, 

on the causality relationship between the stock markets. Subsequently, they should 

merit a special role on the returns’ data generating mechanism investigation. However 

an exhaustive investigation of the outliers’ role in the data generating mechanism lies 

beyond the scope of the present study. 

 
 
 
 
 
 

                                                 
18 The leptokurtic distribution, thought common in stock return series, it is not known a priori whether 

it results from the normal data generating process or it is due to data outliers. Additionally, in literature 

is concluded that, when outliers’ extraction is attempted, the returns’ normal distribution increases. 
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TABLE 2.2:  Outliers with ad hoc structural breaks. 

 Alpha Tatt Egnak Egnap Ete Eurob Tell  Temp Tgen Tpeir  Ftse20 Ftse40 ATHEX 

Entire Period:  02.01.1998-16.10.2006 

D
at

es
 o

f o
ut

lie
rs

 

08/09/00 
06/12/00 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

16/01/03 
10/06/03 

23/06/03 
25/08/03 

 
 
 
 
 
 
 
 
 
 
 
 
 

01/11/01 
10/06/03 
11/06/03 
02/09/05 

 
 
 
 
 
 
 
 
 
 
 
 
 

02/09/05 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

17/04/00 
08/09/00 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

30/03/99 
14/04/99 
08/09/00 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

14/03/00 
16/03/00 
17/03/00 
17/04/00 
19/04/00 
08/09/00 
03/01/01 
22/05/03 
29/07/03 

 
 
 
 
 
 
 
 

19/04/00 
08/09/00 
11/09/00 
14/09/00 
12/09/01 

 
 
 
 
 
 
 
 
 
 
 
 

12/09/01 
14/09/01 
11/11/01 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

12/09/01 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

16/03/98 

21/04/98 
27/04/98 
27/08/98 
21/10/98 
04/01/99 
13/01/99 
24/02/99 
01/04/99 
07/04/99 
18/10/99 
17/04/00 
19/04/00 
08/09/00 
11/01/01 
12/09/01 

 

02/10/98 
01/04/99 
18/10/99 
16/03/00 
14/04/00 
17/04/00 
12/09/01 
14/09/01 
22/05/06 

 
 
 
 
 
 
 
 

16/03/98 
21/04/98 
27/04/98 
27/08/98 
21/10/98 
04/01/98 
13/01/99 
24/02/99 
01/04/99 
07/04/99 
18/10/99 
14/03/00 
17/04/00 
19/04/00 
08/09/00 
11/01/01 
12/09/01 

Period A: 1st Sub-sample, 02.01.1998-31.05.2001 

Dates 
of 

outliers 

01/11/01 
 

 
-- -- -- -- 

30/03/99 
14/04/99 
 

-- -- -- -- 
17/04/00 

 
 

22/05/06 
15/06/06 

 
-- 

Period B: 2nd Sub-sample, 01.06.2001-16.10.2006 

D
at

es
 o

f o
ut

lie
rs

 

19/07/01 
12/09/01 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

12/09/01 
01/11/01 
04/11/02 
13/01/03 
15/01/03 
16/01/03 
17/01/03 
07/04/03 
08/04/03 
05/05/03 
02/06/03 
09/06/03 
10/06/03 
12/06/03 
23/06/03 
25/08/03 
22/03/04 
14/10/04 
22/05/06 

01/11/01 
03/04/03 
10/06/03 
11/06/03 
23/06/03 
31/07/03 
08/09/03 
07/01/05 
02/09/05 
05/09/05 
07/02/06 

 
 
 
 
 
 
 
 

25/06/01 
17/09/01 
21/09/01 
01/11/01 
19/09/02 
05/05/03 
12/05/03 
10/06/03 
11/06/03 
04/08/03 
02/09/05 
07/10/05 

 
 
 
 
 
 
 

12/09/01 
22/05/06 
15/06/06 
30/06/06 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

19/07/01 
12/09/01 
31/10/01 
12/11/03 
08/11/05 
23/05/06 

 
 
 
 
 
 
 
 
 
 
 
 
 

12/09/01 
20/09/01 
20/11/01 
21/11/01 
23/11/01 
29/04/02 
22/05/03 
16/07/03 
21/07/03 
22/07/03 
29/07/03 
18/09/03 
26/09/03 

 
 
 
 
 
 

12/09/01 
01/10/02 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

12/09/01 
14/09/01 
11/11/01 
04/04/03 
03/06/03 
10/06/03 
11/06/03 
08/07/03 
16/07/03 
28/07/03 
21/01/04 
12/05/05 
15/06/06 
30/06/06 
21/08/06 

 
 
 
 

12/09/01 
28/02/02 
22/02/06 
22/05/06 
30/05/06 
15/06/06 

 
 
 
 
 
 
 
 
 
 
 
 
 

19/07/01 
12/09/01 
20/09/01 
25/05/06 
15/06/06 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

16/07/01 
07/08/01 
12/09/01 
14/09/01 
20/09/01 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

19/07/01 
12/09/01 
14/09/01 
20/09/01 
22/05/06 
15/06/06 

 
 
 
 
 
 
 
 
 
 
 
 
 

Date of 
break 01/06/01 01/06/01 01/06/01 01/06/01 01/06/01 01/06/01 01/06/01 01/06/01 01/06/01 01/06/01 01/06/01 01/06/01 01/06/01 

 

*     Underlined dates stand for outliers that appear at least in two periods. 

**   Values in italics represent outliers in common for Ftse20, Ftse40 and ATHEX Indices. 

*** The outliers in bold belong in a cluster of outliers . 
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TABLE 2.3: Outliers with estimated structural breaks. 

 Alpha Tatt  Egnak Egnap Ete Eurob Tell  Temp Tgen Tpeir  Ftse20 Ftse40 ATHEX 

Entire Period:  02.01.1998-16.10.2006 

D
at

es
 o

f o
ut

lie
rs

 

08/09/00 
06/12/00 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

16/01/03 
10/06/03 
23/06/03 
25/08/03 

 
 
 
 
 
 
 
 
 
 
 
 
 

01/11/01 
10/06/03 
11/06/03 
02/09/05 

 
 
 
 
 
 
 
 
 
 
 
 
 

02/09/05 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

17/04/00 
08/09/00 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

30/03/99 
14/04/99 
08/09/00 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

14/03/00 
16/03/00 
17/03/00 
17/04/00 
19/04/00 
08/09/00 
03/01/01 
22/05/03 
29/07/03 

 
 
 
 
 
 
 
 

19/04/00 
08/09/00 
11/09/00 
14/09/00 
12/09/01 

 
 
 
 
 
 
 
 
 
 
 
 

12/09/01 
14/09/01 
11/11/01 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

12/09/01 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

16/03/98 
21/04/98 
27/04/98 
27/08/98 
21/10/98 
04/01/99 
13/01/99 
24/02/99 
01/04/99 
07/04/99 
18/10/99 
17/04/00 
17/04/00 
19/04/00 
08/09/00 
11/01/01 
12/09/01 

02/10/98 
01/04/99 
18/10/99 
16/03/00 
14/04/00 
17/04/00 
12/09/01 
14/09/01 
22/05/06 

 
 
 
 
 
 
 
 

16/03/98 
21/04/98 
27/04/98 
27/08/98 
21/10/98 
04/01/98 
13/01/99 
24/02/99 
01/04/99 
07/04/99 
18/10/99 
14/03/00 
17/04/00 
19/04/00 

 
 
 

Period A: 1st Sub-sample, before  the estimated structural break 

Dates of 
outliers 

-- -- -- -- -- 
30/3/99 
14/4/99 

-- -- -- -- 
17/04/00 
 

-- 
17/04/00 

 
Period B: 2nd Sub-sample, after the estimated structural  break 

D
at

es
 o

f o
ut

lie
rs

 

1/11/01 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

-- 

01/11/01 
03/04/03 
04/06/03 
10/06/03 
11/06/03 
23/06/03 
31/07/03 
08/09/03 
07/01/05 
02/09/05 
05/09/05 
07/02/06 

 
 
 
 
 
 
 

 

17/04/00 
08/09/00 
11/09/00 
25/06/01 
21/09/01 
01/11/01 
19/09/02 
05/05/03 
12/05/03 
10/06/03 
11/06/03 
04/08/03 
02/09/05 
07/10/05 

 
 
 
 
 

 

22/05/06 
15/06/06 
30/06/06 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

09/06/99 
05/07/99 
06/07/99 
28/07/99 
29/07/99 
12/08/99 
13/08/99 
13/09/99 
27/09/99 
28/09/99 
29/09/99 
20/10/99 
17/04/00 
08/09/00 
12/09/01 
12/11/03 
23/05/06 

 
 

 

17/04/00 
19/04/00 
08/09/00 
03/01/01 
05/01/01 
08/03/01 
09/03/01 
12/09/01 
20/09/01 
20/11/01 
21/11/01 
23/11/01 
29/04/02 
22/05/03 
16/07/03 
21/07/03 
22/07/03 
29/07/03 
18/09/03 
26/09/03 

08/09/00 
11/09/00 
14/09/00 
12/09/01 
01/10/02 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

08/01/01 
12/09/01 
14/09/01 
01/11/01 
04/04/03 
10/06/03 
11/06/03 
08/07/03 
16/07/03 
12/05/05 
15/06/06 
30/06/06 
21/08/06 

 
 
 
 
 
 

 

28/02/02 
22/02/06 
23/05/06 
15/06/06 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

12/09/01 
14/09/01 
20/09/01 
22/05/06 
15/06/06 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

01/12/00 
04/12/00 
15/01/01 
14/03/01 
12/09/01 
14/09/01 
20/09/01 
22/05/06 

 
 
 
 
 
 
 
 
 
 
 

 

06/12/00 
11/01/01 
14/03/01 
19/07/01 
12/09/01 
14/09/01 
20/09/01 
22/05/06 
15/06/06 

 
 
 
 
 
 
 
 
 
 

 
Date of 
breaks 

20/09/01 09/08/00 28/06/01 20/03/00 25/09/01 26/04/99 17/04/00 05/09/00 22/11/00 28/09/01 20/07/01 11/09/00 22/11/00 

 
*     Underlined dates stand for outliers that appear at least in two periods. 

**   Values in italics represent outliers in common for Ftse20, Ftse40 and ATHEX Indices. 

*** The outliers in bold belong in a cluster of outliers . 
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Below follows a discussion of the findings of the outliers’ test application in the 

different event windows. Tables 2.2 and 2.3 show the results from the Grubb’s test 

application on the two sub-samples of the examined data set. Specifically, in the first 

decoupling we consider the ad-hoc break of 01.06.2001 while in the second, we 

employ the structural breaks dates estimated  by the application of the minimum LM 

unit root tests (results in Table 2.1). Comparing the findings of Tables 2.2 & 2.3 it is 

obvious that, an outlier estimation process is highly sensitive in the adjustment of the 

study time span. 

In detail, we initially note that the excessive negative returns appear just after the 

terrorist attack on 11th September 2001, and they are not directly related to the 

estimated structural breaks by the Lee and Strizicich (2004) methodology (possibly 

except the Ethniki, Peiraios and Alpha banks). The latter can be attributed to the 

documented in field literature, temporal character of the impact of a sudden 

exogenous shock, such as  a terrorist attack, may have on the financial system.  

 

It is clear that the number of outliers is rather limited in period ‘A’  regardless the 

period ends with estimated or by default set end points (structural breaks) whereas, in 

period ‘B’  we found an increased number of outliers in both cases. This finding 

indicates that non linearity in the ATHEX is expected to be increased in the period  

‘B’  compared to that of  ‘A’ . This query actually, remains to be answered in the next 

testing step, with the application of a set of non linearity tests and the careful 

examination of their findings. 

Therefore, with the application of the outliers’ test here we have: 

a. A preliminary indication of a change in returns’ mean non- linearity19.  

b. An evidence that there are no outliers related with the tax events (whereas there is 

an apparent relation to the 11th September 2001 terrorist attack shock), 

c. A proof of the importance of the adequate estimation of the event window for the 

implementation of the tax event study. 

d. An evidence that the date 01.06.2001 is a critical one for the split of the window of 

the tax event study. 

                                                 
19 In literature is documented that outliers are often related with increased non linearity. 
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e. Outliers e.g., these of the 12th September 2001, obviously do not account for 

structural breaks. However, not only they do not account for shifting the data 

generating process, but on the contrary, seem to be affected by this. 

 

2.2.5 Non Linearity Issues in  the ATHEX 

The investigation for non linearities in the ATHEX returns’ mean and variance 

(testing steps  “e” and “f” )  is implemented in a process of  uncovering the role of ad 

hoc or estimated structural breaks in examined series characteristics. In that way we 

will shed some light on the role of structural breaks for the ATHEX data generating 

mechanism. We will employ respectively the Engle (1982), McLeod-Li (1983) and 

Tsay (1986) non linearity Tests20. Apparently, in this testing procedure, it is of 

particular interest the analysis of the relation between stock market abnormal returns 

and non linearities, in order to find a plausible answer to the query whether the 

ATHEX bank return series incorporate the information that is included in the 

corporate tax reforms.  

 

This investigation is urged by the need for eliminating the estimation errors (see 

Kothari and Warner, 2006) in the findings of the tax event study that will be applied 

in a later section of this chapter. Besides, being a useful part of the nature of ATHEX 

empirical analysis, it aims to contribute in the existing empirical literature discussing 

the ATHEX, and add to the points raised in the recent field studies by Panagiotidis 

(2005) and, Saraidaris and Margaris (2009). As it is mentioned above, in these 

studies, two major institutional changes; Greece’s entry in Euro monetary zone and, 

the upgrading of the ATHEX from Morgan Stanley, seem to have affected the 

efficiency and dynamic nature of the ATHEX. 

 

At the beginning we apply the Engle (1982) test to investigate for likely non 

linearities in the returns’ mean and variance. Engle (1982) proposed a Lagrange 

Multiplier test that explicitly looks for non-linearity in the second moment. 

                                                 
20 Ashley and Patterson (2000) employ a battery of alternative non linearity tests on the US real GNP 

data. 
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We first perform a regression on yt and calculate the residuals vt.
  Then, we perform 

the second regression for a selected value of p, as follows: 

 

v2
t = a0 + 

1

p

j=
∑ akv

2
t-j + ut, for j=1,….,p                                     (2.7) 

 

The test statistic of the LM test is actually based on the R2  of the above auxiliary 

regression.  Under the null hypothesis of a linear generating mechanism for yt, TR2 for 

this regression is asymptotically distributed y2(p). 

 

We can also test for non linearity in variance by applying alternatively the McLeod 

and Li (1983) portmanteau test. In the  paper McLeod and Li (1983) documented that 

“..the normalized squared-residual autocorrelations are asymptotically unit 

multivariate normal". This test investigates for non-linear dependence and is 

conducted by examining the Box-Ljung Q statistic in observations generated by an 

ARMA (p,q) model in which the residuals vt are independent and identically 

distributed and assuming an existing E(vt
8). Instead of using the residuals from a 

linear representation, the raw data can be examined through the use of the k 

autocorrelation coefficients for 2
t

vɵ . The autocorrelation function for the squared 

residuals 2
t

vɵ
  is given by the equation: 
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Where:                                              
�

�2

1

2
T

t

t

T
v

σ
=

=∑                                       (2.9) 

Under the null hypothesis that the prewhitened series yt is an i.i.d process, McLeod 

and Li (1983) show that, for a fixed number of observations T,      

                                          
( ) ( )T 1 ,......,r r r N=   

⌢ ⌢ ⌢

                            (2.10) 



Chapter 2: The Empirical Application  79    
 

Ph.D Thesis by Anastasios Saraidaris      
 

is asymptotically normal as T→∞ . If N is the maximum number of the  

autocorrelation function squared residuals, for an N sufficiently large, the usual Box-

Ljung statistic is asymptotically y2(N) under the null hypothesis of a linear generating 

mechanism for the data. 

                                      
1

Q  =  T (T + 2)
2ˆ[r (k )]
T i

N

i =

−∑
                                          (2.11) 

 

Next we apply the Tsay (1986) test to investigate for existing non linearity in the 

series’ mean. This test actually refers to a generalization of the Keenan (1985) test 

and explicitly investigates for quadratic serial dependence in the data.  

Assuming a number of 
k k-1

K=
2

 
 
   column vectors V1 ... VK that contain all the possible 

cross products of the form xt-i , xt-j, where i∈[1, k] and j∈ [1, k] , we denote vt,1 = x2
t -1; 

vt,2 = xt-1 xt-2; ….vt,k = x2
t-k.. Also, ,t iv

⌢ stand for the projection of vt,1 on the sub-space 

orthogonal to xt-1,... ,xt-k , which are the  residuals from regressing  vt,1 on xt-1,...,xt-k. 

Αpplying OLS to the regression equation: 

                                   ɵ

1
ti

K

t i
i

tx vογ γ η
=

= + +∑                                                       (2.12) 

we estimate the parameters γ1….γκ . Assuming that E (xt
8) exists, the Tsay test statistic 

yields as the usual F-statistic for testing the null hypothesis that γ1= γ2= ….γκ=0. 

In the tables below are included the findings of the above tests for the ATHEX’s bank 

return series. 
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TABLE 2.4:  Non linearity tests results with an ad hoc window break 
 

 Alpha* Tatt Egnak Egnap Ete* Eurob* Tell* Temp* Tgen* Tpeir * Ftse20 Ftse40 ATHEX 

Entire Period: 2.1.1998-16.10.2006 

ML-L 
(N=24) 

0.000 

(0.000) 
0.000 

(0.000) 
0.000 

(0.000) 
0.000 

(0.000) 
0.000 

(0.000) 
0.000 

(0.000) 
0.000 

(0.000) 
0.000 

(0.000) 
0.000 

(0.000) 
0.000 

(0.000) 
0.000 

(0.000) 
0.000 

(0.000) 
0.000 

(0.000) 
Engle 
(p=5) 

0.000 
(0.000) 

0.000 
(0.000) 

0.000 
(0.000) 

0.000 
(0.000) 

0.000 
(0.000) 

0.000 
(0.000) 

0.000 
(0.000) 

0.000 
(0.000) 

0.000 
(0.000) 

0.000 
(0.000) 

0.000 
(0.000) 

0.000 
(0.000) 

0.000 
(0.000) 

Tsay 
(k=5) 

0.015 
(0.010) 

0.106 
(0.109) 

0.000 
(0.000) 

0.000 
(0.000) 

0.003 
(0.002) 

0.052 
(0.013) 

0.000 
(0.000) 

0.027 
(0.023) 

0.013 
(0.012) 

0.000 
(0.000) 

0.000 
(0.000) 

0.000 
(0.000) 

0.000 
(0.000) 

Period A: 1st Sub-sample, 2.1.1998-31.5.2001 

ML-L 
(N=24) 

0.000 
(0.000) 

0.000 
(0.000) 

0.000 
(0.000) 

0.000 
(0.000) 

0.000 
(0.000) 

0.000 
(0.000) 

0.000 
(0.000) 

0.000 
(0.000) 

0.000 
(0.000) 

0.000 
(0.000) 

0.000 
(0.000) 

0.000 
(0.000) 

0.000 
(0.000) 

Engle 
(p=5) 

0.000 
(0.000) 

0.000 
(0.000) 

0.000 
(0.000) 

0.000 
(0.000) 

0.000 
(0.000) 

0.000 
(0.000) 

0.000 
(0.000) 

0.000 
(0.000) 

0.000 
(0.000) 

0.000 
(0.000) 

0.000 
(0.000) 

0.000 
(0.000) 

0.000 
(0.000) 

Tsay 
(k=5) 

0.029 
(0.052) 

0.301 
(0.315) 

0.000 
(0.000) 

0.000 
(0.000) 

0.008 
(0.007) 

0.307 
(0.481) 

0.000 
(0.000) 

0.208 
(0.226) 

0.074 
(0.073) 

0.002 
(0.005) 

0.001 
(0.002) 

0.002 
(0.005) 

0.000 
(0.000) 

Period B: 2nd Sub-sample, 1.6.2001-16.10.2006 

ML-L 
(N=24) 

0.000 
(0.000) 

0.000 
(0.000) 

0.000 
(0.000) 

0.000 
(0.000) 

0.000 
(0.000) 

0.000 
(0.000) 

0.000 
(0.000) 

0.000 
(0.000) 

0.000 
(0.000) 

0.000 
(0.000) 

0.000 
(0.000) 

0.000 
(0.000) 

0.000 
(0.000) 

Engle 
(p=5) 

0.000 
(0.000) 

0.000 
(0.000) 

0.000 
(0.000) 

0.000 
(0.000) 

0.000 
(0.000) 

0.000 
(0.000) 

0.000 
(0.000) 

0.000 
(0.000) 

0.000 
(0.000) 

0.000 
(0.000) 

0.000 
(0.000) 

0.000 
(0.000) 

0.000 
(0.000) 

Tsay 
(k=5) 

0.202 
(0.179) 

0.068 
(0.051) 

0.003 
(0.000) 

0.008 
(0.003) 

0.173 
(0.190) 

0.108 
(0.108) 

0.131 
(0.121) 

0.002 
(0.000) 

0.176 
(0.164) 

0.080 
(0.091) 

0.000 
(0.000) 

0.000 
(0.000) 

0.000 
(0.000) 

*    The ad hoc break has an impact on the dynamics of the series. 
** Underlined bootstrap values denote statistically insignificant non linearity at α=5%.       

Asymptotic p-values are in parentheses. Ho: Linearity. 
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 Alpha* Tatt * Egnak Egnap Ete* Eurob* Tell* Temp Tgen* Tpeir * Ftse20 Ftse40 ATHEX 

Entire Period: 2.1.1998-16.10.2006 

ML-L 
(N=24) 

0.000 

(0.000) 
0.000 

(0.000) 
0.000 

(0.000) 
0.000 

(0.000) 
0.000 

(0.000) 
0.006 

(0.000) 
0.000 

(0.000) 
0.000 

(0.000) 
0.000 

(0.000) 
0.000 

(0.000) 
0.000 

(0.000) 
0.000 

(0.000) 
0.000 

(0.000) 
Engle 
(p=5) 

0.000 
(0.000) 

0.000 
(0.000) 

0.000 
(0.000) 

0.000 
(0.000) 

0.000 
(0.000) 

0.000 
(0.000) 

0.000 
(0.000) 

0.000 
(0.000) 

0.000 
(0.000) 

0.000 
(0.000) 

0.000 
(0.000) 

0.000 
(0.000) 

0.000 
(0.000) 

Tsay 
(k=5) 

0.015 
(0.010) 

0.106 
(0.109) 

0.000 
(0.000) 

0.000 
(0.000) 

0.003 
(0.002) 

0.052 
(0.013) 

0.000 
(0.000) 

0.027 
(0.023) 

0.013 
(0.012) 

0.000 
(0.000) 

0.000 
(0.000) 

0.000 
(0.000) 

0.000 
(0.000) 

Period A: 1st Sub-sample, prior to the break  

ML-L 
(N=24) 

0.000 
(0.000) 

0.000 
(0.000) 

0.000 
(0.000) 

0.000 
(0.000) 

0.000 
(0.000) 

0.000 
(0.000) 

0.000 
(0.000) 

0.000 
(0.000) 

0.000 
(0.000) 

0.000 
(0.000) 

0.000 
(0.000) 

0.000 
(0.000) 

0.000 
(0.000) 

Engle 
(p=5) 

0.000 
(0.000) 

0.000 
(0.000) 

0.000 
(0.000) 

0.000 
(0.000) 

0.000 
(0.000) 

0.000 
(0.000) 

0.000 
(0.000) 

0.000 
(0.000) 

0.000 
(0.000) 

0.000 
(0.000) 

0.000 
(0.000) 

0.000 
(0.000) 

0.000 
(0.000) 

Tsay 
(k=5) 

0.037 
(0.035) 

0.503 
(0.525) 

0.000 
(0.000) 

0.000 
(0.000) 

0.007 
(0.008) 

0.692 
(0.888) 

0.000 
(0.000) 

0.025 
(0.017) 

0.191 
(0.205) 

0.002 
(0.000) 

0.001 
(0.000) 

0.022 
(0.028) 

0.001 
(0.000) 

Period B: 2nd Sub-sample, posterior to the break  

ML-L 
(N=24) 

0.000 
(0.000) 

0.000 
(0.000) 

0.000 
(0.000) 

0.000 
(0.000) 

0.000 
(0.000) 

0.000 
(0.000) 

0.000 
(0.000) 

0.000 
(0.000) 

0.000 
(0.000) 

0.000 
(0.000) 

0.000 
(0.000) 

0.000 
(0.000) 

0.000 
(0.000) 

Engle 
(p=5) 

0.000 
(0.000) 

0.000 
(0.000) 

0.000 
(0.000) 

0.000 
(0.000) 

0.000 
(0.000) 

0.000 
(0.000) 

0.000 
(0.000) 

0.000 
(0.000) 

0.000 
(0.000) 

0.006 
(0.000) 

0.000 
(0.000) 

0.000 
(0.000) 

0.000 
(0.000) 

Tsay 
(k=5) 

0.914 
(0.914) 

0.015 
(0.007) 

0.005 
(0.001) 

0.015 
(0.014) 

0.051 
(0.053) 

0.000 
(0.000) 

0.072 
(0.068) 

0.000 
(0.000) 

0.150 
(0.147) 

0.061 
(0.065) 

0.003 
(0.001) 

0.000 
(0.000) 

0.003 
(0.000) 

*    The estimated break has an impact on the dynamics of the series. 
** Underlined bootstrap values denote statistically insignificant non linearity at α=5%.       

Asymptotic p-values are in parentheses. Ho: Linearity. 

                                                 
21 See Table 2.1 
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Discussing the results summarized in Tables 2.4 and 2.5, we note that non linearity in 

the mean obviously changes with the ad hock or estimated structural break dates. This 

becomes evident, especially in the case of ad hoc estimated structural breaks. It is 

noteworthy also that, only the indices returns series and Egnatia bank (common and 

preferred shares) do not exhibit changing linearity in the mean between the periods 

prior and after the structural break.  

Moreover, it is important to note that, whereas in some cases non linearity in mean 

increases passing from the period ‘A’  to the period ‘B’ , in other cases it decreases. In 

other words, whereas nonlinearity in the mean is obviously affected by the change in 

the time period, the sign of change varies considerably across the bank series22. 

Additionally, we do not witness  the same behavior with the returns’ variance, since 

all variances exhibit a firm non linearity between the different time periods and across 

the return series. All in all, we could say that definitely the change in time periods 

resulted in a change in the nonlinear characteristics for the means of the returns' series 

in the examined bank stocks. The latter is indicative of the fact that the inclusion of 

the ATHEX in the Morgan Stanley International Index as a developed equity market, 

asserted a noticeable impact on the dynamics of the ATHEX bank and indices returns. 

Finally, it results that the aggregated data included in the examined three indices, is 

obviously not indicative of the data generating process in the stock market. 

 

 

 

 

 

 

 

 
                                                 
22 In the case of  an  ad hoc break, we note that the majority of the bank return series became linear in 

their mean during the period ‘B’.  
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2. 3 The Event Window   
 
The found change in the ATHEX statistical properties can be coupled with the 

literature findings of a change in the ATHEX market efficiency with the official 

announcement of Greece entering in the Euro zone (Panagiotidis, 2005) and also, with 

the weakened chaos signal followed the entering of the ATHEX in the advanced 

capital markets (Saraidaris and Maragaris, 2009). The above studies’ findings along 

with this study’s findings document a clear change in the ATHEX data generating 

mechanism that we will take into consideration next. 

 
At the beginning, the event window was primarily set in order to include the variety 

of corporate tax reforms that took place in a new for Greece financial and economic 

environment and also, because of the remarkable sensitivity to corporate related 

information that ATHEX investors exhibited23 after the 02.01.1998. 

 

After the completion of the “a”  to “f”  steps of the data refinement tests and the 

subsequent findings of a changing normality, a change in exhibiting data outliers and 

a change in non linearity in returns’ mean, we can safely reach the conclusion that the 

stock prices’ generating mechanism alters with the ATHEX entering in its’ developed 

phase. 

Thus, taking up the findings of the previous tests, we proceed further to the 

appropriate readjustment of the event window (testing step “g” ) to commence on      

1st June 2001. In that way it becomes safer that the constructed BEKK-GARCH-tax 

dummies model will be applied on data series generated by an homogenous process. 

 
Figure 2.2: The Event Window adjustment 

 
 
 
 

 
 

 
 

                                                 
23 This behaviour was not necessarily  indicative of  a de facto awareness of corporate fundamentals.  

02/01/1998 16/10/2006

 
01/06/2001

 
16/10/2006

 

Sub-period B 

Full window period 

 
 

 Timeframe 

02/01/1998 31/05/2001 

Sub-period A 
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2. 4 Modelling and Evaluating the Corporate Tax effects  
 

2.4.1 The  Tax Dummies Setting Up 

The investigation in this section refers actually to the core testing process (steps “h” 

to “j” ). It focuses on  the ten Greek bank stock return series, namely; Alpha Bank 

(Alpha), Egnatia Bank (Egnak-common shares), Egnatia Bank (Egnap-prefered 

shares), National Bank of Greece (Ete), Eurobank (Eurob), Attica Bank (Tatt), Bank 

of Greece (Tell), Emporiki Bank (Temp), Geniki Bank (Tgen), Bank of Piraues 

(Tpeir) and, the ATHEX Composite Index. 

 

The data24, employed consist of daily return series on a five-day week basis. The 

examined period in this part of the study commences on 01.06.2001 and ends on 

16.10.2006 i.e., excluding the period before 1st June 2001, to avoid the found changes 

in the dynamics of series and the subsequent effects on systematic risk25. On 1st June 

2001 officially starts the period that the ATHEX have being upgraded by Morgan 

Stanley from an emerging to a developed Capital Market.  At that time the majority of 

foreign speculative capital funds investing particularly in emerging markets 

worldwide, left the ATHEX for other, possibly of a higher risk and more profitable, 

emerging markets. 

 

The implementation of the corporate tax event study starts with the construction of a 

bivariate BEKK-GARCH model which, will be appropriately modified to incorporate 

a set of tax dummies that will account for  likely effects of the tax law announcements 

in the variance and covariance of the examined bank series. We use four different 

dummies series to capture the studied Tax Law Acts26. The dummies denote the  dates 

when a tax effect is suspected to have influenced  the market (see Table 1.2). 

 

The next step refers to the estimation of the conditional variances and covariances 

matrices. These will be used in the time-varying betas (systematic risk) estimation. 

                                                 
24 For  details refer to the Section 2.1. 
25 It is documented in the literature that emerging markets tend to exhibit different behavioural 

characteristics compared to the developed ones (see Antoniou and Ergul, 1997, Bekaert and Harvey, 
1997, etc.). 

26 The date of bill voting, the date of first announcement in written press, the date of the Gazette 
publication, and the date tax laws come into effect. 
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The same procedure is repeated twice for the ten bank return series, the first time 

without tax dummies and the second time including tax dummies. 

 

Examining the statistical significance of the simple (without tax dummies) and 

modified (tax dummies included) time-varying betas models, we will draw 

conclusions on the Tax Law announcements’ effect on the bank series’ systematic 

risk.  

 

2.4.2 The Bivariate BEKK-GARCH Model Specification 

The version of the initially analyzed below BEKK model, is that of the simple BEKK 

model in Engle and Kroner (1995). If we denote with Ri,t, and ει,t the returns vector and the 

residuals vector respectively, the equation for the conditional mean can be written as: 

 

                                              Ri,t= ει,t,                                 (2.13) 

 

If we denote as Φt-1 the σt
2  values being generated by the past values of εt, and as Ηt a 

function of the information set Φt-1
27

,  the bivariate  GARCH model  can be written as:  

 

εt|Φt-1~Ν(0,Ηt), 

 

where Ηt  is the variance-covariance matrix and is estimated as follows: 

 

Ht = 0
'
0CC  + k1

'
t

K

1=k
t

'
k1 CxxC∑ + ∑∑

K

1=k

q

1=i
ik

'
i-ti-t

'
ik ΓεεΓ + ∑∑

K

1=k

p

1=i
iki-t

'
ik BHB   (2.14) 

 

The index i in the model above takes the values of the asset and market returns 

respectively. Parameters C0, Γik and Bik are n×n matrices. The C0 and C1k are 

triangular and J×n parameter matrices respectively. Additionally, the summation limit 

K determines the generality of the process. Where xt stands for the weakly exogenous 

variables (as defined by Engle et al., 1983) of a J×1 vector. The BEKK-GARCH 

model is constructed under the condition that the covariance matrices in the system 
                                                 
27 For more technical details refer to Engle and Kroner (1995). 
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are positive definite. In the majority of empirical applications K, p28 and q29 are equal 

to one. Therefore, when K=p=q= 1, the Model 2.14 is written as: 

 

Ht = 0
'
0CC  + 11

'
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                                  (2.15) 

 

 

In the Model 2.14 we insert the matrix of dummies φi,t
30 in the equation of conditional 

variance in order to investigate for the likely effects of corporate tax policy 

announcements on the bank series’ systematic risk. Therefore, the Model 2.14 is 

appropriately modified as follows:  
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                                      (2.16) 

 

We define the tax dummies φi,t  for ten (+5) days length event windows31  as follows: 

 

0  , if no announcement occurs.

1   , if an announcement occurs. i,t
φ = 
  

 

It is evident here that, in the case that the matrix D11 in the Model 2.16  becomes zero, 

we get the simple BEKK Model. 2.14 . 

 

                                                 
28 p stands for the lagged values of the elements of Ht. 
29  q stands for the lagged values of the squares and cross products of εt. 
30 A  detailed description of the examined tax events is included in  Table 1.2. 
31 We employ a dummies’ set comprising of four likely dates on which a tax effect is suspected to enter 

the stock market. Therefore, is constructed a short window (+5 days) around the event. 
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From the Model 2.16 we can now estimate the conditional variances between the ten 

examined bank return series and the ATHEX composite index returns. The  

measurement of the systematic risk (βi) in the field empirical literature  has been 

broadly based on a model of the form:  

 

Ri,t=αi+βiRm,t+εt                                                         (2.17) 

 

In the single index model above with  Ri,t we denote the return of the asset i and with 

Rm,t the return of the market portfolio m, at time t. The coefficients αi and βi  stand for 

the constant parameters to be estimated. The model’s slope (βi) is the so-called beta 

coefficient (or else, the systematic risk) of the asset i. However, in the later field 

literature it is well documented an inadequacy of static models (like this of eq. 1.2) to 

measure effectively the undiversifiable assets’ risk because, the latter, is said to be 

modifying along the time. Koutmos and Knif (2002) among others concluded that 

“…the static model overstates the amount of unsystematic risk by more than 10%”. 

Therefore, there is a need to extend the above static model to account for the time-

varying dimension of the bank stocks’ systematic risk. Thus, we include here the 

time-varying variance-covariance-matrix of Model 2.16  in the Equation 1.2 which is 

appropriately modified as:  

 

,

,

Mi t

M t

h

hi
β =

                                                         (2.18) 

 

In Model 2.18 we denote with hMi  the covariance between a bank i stock returns and 

the ATHEX Composite Index returns M (the hMi  as an element of the Ht matrix is 

estimated in Model 2.16). Also, we denote with hM the variance of the ATHEX 

Composite Index returns M (the hM as an element of the Ht matrix is estimated in 

Model 2.16).  

 

2.4.3 Discussion of Empirical Findings 

First, we notice that the determinants of the matrices C0, Γ11, B11 and D11 as well as, 

the parameters c11, γ11, β11, d11 are all positive. That means the estimated BEKK-
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GARCH models are all in line with the condition of positive definite covariance 

matrices. The results of the simple and modified BEKK-GARCH models estimation 

are presented in Tables 2.6 & 2.7. The estimated BEKK-GARCH covariances are 

illustrated in the Figure 2.3. 

 

Examining the statistical significance of the parameters included in the modified 

BEKK-GARCH models we find that, only in the case of-the lower capitalization-

private  banks Attica Bank (Tatt) and Egnatia Bank (Egnap-prefered shares) these 

outperform the respective simple BEKK-GARCH models32. That means, the inclusion 

of tax dummies will not add any to the time-varying beta models’ descriptive power 

in all other instances. The dummy variables are insignificant in the equation of the 

conditional variance in the cases of:  Bank of Greece (Tell), National Bank of Greece 

(Ete), Emporiki Bank (Temp), Bank of Piraues (Tpeir,) Eurobank (Eurob) Alpha 

Bank (Alpha), Geniki Bank (Tgen) and  Egnatia Bank (Egnak-common shares). 

Therefore, we proceed further to calculating the time-varying betas by employing 

Model 2.18 only for the cases of the Bank of Attica (Tatt) and Egnatia Bank (Egnap-

prefered shares). The graphical representation of betas in Figures 2.4 & 2.5 show a 

quasi-identical evolution. From the two time-varying betas plots (with and without tax 

dummies) it is evident that the inclusion of dummies, though has a statistically 

significant effect on the covariances and variances of these two bank series, this 

cannot be translated into an evident improvement of the time-varying betas modeling. 

Hence, whereas the tax announcements might have affected (temporally) the 

systematic risk in the cases of the above two low capitalization and private banks, 

they do not seem to convey sufficient information into systematic risk modeling for 

Bank of Attica and Egnatia Bank (preferred shares) return series.  

 
 
 
 
 
 
 
 
 

                                                 
32  In these two cases, the modified models fulfill the condition of positive definite covariance matrices 

and also, exhibit higher Log Likelihood values than the simple models. 
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2.4.4 Conclusions and Implications for Systematic Risk Modelling and Corporate Tax  
Reforms 

In this study we attempted to investigate for potential relationships between the 

corporate tax announcements and the time-varying systematic risk in the ATHEX for 

the period 2.1.1998-16.10.2006. The event window was initially set in a way to 

include the variety of tax reform acts in the Greek corporate sector that took place in a 

novel financial, investment and incorporating environment for Greece’s business 

standards. 

 

Implementing a step-by-step testing procedure for the ATHEX’s data generating 

mechanism we documented that stock prices’ generating mechanism changes with 

ATHEX entering in  the developed phase (as of 1st June 2001). 

 

Thus, we proceed next to readjusting appropriately the event window as to the start 

date and reset the examined period from 01.06.2001 to 16.10.2006. That makes safer 

that the appropriately constructed  BEKK-GARCH tax model will be applied on data 

series being generated by an homogenous process. 

 

The empirical findings of the estimated simple and modified BEKK-GARCH models 

documented that corporate tax law acts do not have an evident, statistically 

significant, announcement effect on the systematic component of the stocks’ risk.  

 

There is a twofold interpretation of the above finding. First, we can assume that, 

witnessing no clear effect on the systematic risk, indicate investors (institutions and 

individuals) as not being persuaded that tax measures convey important information 

related to the stock market. Subsequently, they retain their investment strategy.  

 

An alternative interpretation can be asked in the nature of the public policy reforms. 

Public policy reforms such as, the studied corporate tax reforms in Greece, are often 

extensively debated in the public policy arena. That means, the respective information 

is propagated for a long time by investors and institutions and hence, is gradually 

incorporated in investors’ strategy. In other words, this long procedure smoothes out 
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the intensity of likely announcement impacts because, investors gradually adjust their 

investment behaviour. 

 

Discussing the policy considerations and implications for portfolios’ risk modelling 

we highlight the following; the evidence that systematic risk does not change, 

indicates that no information is included within tax dummies or, else, the information 

included (like in the case of the two out of ten banks) does not add much to the 

conditional variance-covariance modelling and hence, in the time varying betas 

estimation. Subsequently, as far as it concerns the systematic risk-modelling process, 

the findings indicate that tax dummies transmit information that adds little to the 

improvement of the ATHEX’s series systematic risk modelling. It is apparent that tax 

dummies do not convey sufficient information to the stocks’ conditional variance and 

mean modelling. 

 

From a public policy perspective, in case the first justification is a valid one, corporate 

tax reform acts are not believed (neither by the institutional nor by the individual 

shareholders) to be either realistic or meaningful. This means, if the announced tax 

reforms were policy actions taken to stimulate incorporation and investments, 

shareholders perceive them as being either not plausible or ineffective. This 

obviously, puts in question the efficiency of these policy decisions. The latter is a 

signal for policy makers either to communicate their intentions more efficiently, or to 

reschedule their policy plans.  

 

Future research could extend to testing of separate sets of tax dummies to induce the 

maximum responsiveness to tax effects. Additionally, it could employ a wider set of 

representative stocks from various corporate sectors. Overall, taking into account the 

particularities of a stock markets’ data-generating process, its regulatory framework, 

the investors’ profile (institutions/individuals) and the short of announcements, there 

remains much room for work to obtain further empirical evidences of effects on the 

systematic risk . 
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        TABLE 2.6: BEKK-GARCH Model 2.15 and Model 2.16 estimation results 

 

                 Within parenthesis t-statistic is reported. Values in italics indicate statistical significance at α=5% or 10%. Red colour denotes statistical insignificance. Blue colour denotes statistical significance. 

 

 BANK OF GREECE    (TELL) NATIONAL BANK OF GREECE ( ETE) ATTICA BANK  (TATT) EGNATIA BANK  (EGNAP-PREF.SHARE S) 

Coefficients Simple 
model 

Modified 
model 

Simple 
model 

Modified model Simple 
model 

Modified 
model 

Simple 
model 

Modified model 

c11 
0.0056 

(22.001) 
0.0056 

(21.778) 
0.004 

(7.625) 
0.0046 
(7.154) 

0.009 
(19.541) 

0.0095 
(18.663) 

0.0115 
(13.525) 

0.0102 
(11.608) 

c21 
-0.000054 
(-0.147) 

-0.000097 
(-0.257) 

0.0011 
(6.444) 

0.0013 
(6.748) 

0.0014 
(5.923) 

0.0016 
(6.195) 

0.0015 
(5.948) 

0.0018 
(6.342) 

c22 
0.00104 
(2.454) 

0.001 
(2.251) 

0.0012 
(3.061) 

0.0011 
(2.296) 

0.0012 
(3.738) 

0.0013 
(4.002) 

-0.000086 
(-0.184) 

0.0018 
(6.342) 

γ11 
0.463 

(17.338) 
0.464 

(16.758) 
0.232 

(4.455) 
0.216 

(4.095) 
0.477 

(17.399) 
0.479 

(16.951) 
0.418 

(13.956) 
0.353 

(13.152) 

γ21 
-0.037 

(-1.095) 
-0.053 

(-1.549) 
0.097 

(1.378) 
0.122 

(1.671) 
0.129 

(3.621) 
0.128 

(3.418) 
0.137 

(2.784) 
0.0684 
(1.372) 

γ12 
0.0283 
(1.392) 

0.027 
(1.331) 

-0.013 
(-0.454) 

-0.032 
(-1.028) 

0.013 
(1.204) 

0.0176 
(1.599) 

0.0125 
(0.883) 

0.0127 
(0.907) 

γ22 
0.231 

(11.698) 
0.231 

(11.306) 
0.276 

(7.343) 
0.300 

(7.498) 
0.275 

(14.783) 
0.281 

(13.839) 
0.233 

(13.859) 
0.252 

(13.438) 

β11 
0.781 

(44.533) 
0.779 

(43.519) 
0.916 

(31.951) 
0.922 

(30.395) 
0.788 

(51.653) 
0.772 

(43.466) 
0.749 

(23.125) 
0.807 

(27.477) 

β21 
0.122 

(5.131) 
0.128 

(5.236) 
0.0175 

(0.5028) 
0.0116 

(0.2988) 
0.0717 
(2.477) 

0.059 
(1.841) 

0.108 
(2.263) 

0.0925 
(2.032) 

β12 
-0.027 

(-2.056) 
-0.027 

(-2.004) 
0.003 

(0.176) 
0.017 

(0.881) 
-0.0188 
(-3.017) 

-0.0186 
(-2.577) 

-0.0037 
(-0.293) 

-0.0007 
(-0.066) 

β22 
0.982 

(90.994) 
0.981 

(84.033) 
0.951 

(47.299) 
0.9319 

(40.238) 
0.965 

(130.154) 
0.955 

(103.03) 
0.963 

(96.474) 
0.951 

(80.437) 

d11 -- 
0.0415 
(0.141) 

-- 
-0.057 

(-0.145) 
-- 

0.229 
(1.991) 

-- 
0.5019 
(5.626) 

d21 -- 
0.179 

(0.953) 
-- 

0.1029 
(0.251) 

-- 
0.507 

(2.372) 
-- 

-0.349 
(-1.364) 

d12 -- 
0.057 

(0.727) 
-- 

-0.029 
(-0.168) 

-- 
-0.044 

(-1.559) 
-- 

0.024 
(0.684) 

d22 -- 
0.033 

(0.278) 
-- 

0.149 
(0.856) 

-- 
0.212 

(4.201) 
-- 

-0.123 
(-1.751) 

Diagnostics  
for model 

performance 

Log Likelihood= 
8054.29 

Schwarz= 
-11.96 

Log Likelihood= 
8054.66 

Schwarz= 
-11.941 

Log Likelihood= 
8317.35 

Schwarz= 
-12.35 

Log Likelihood= 
8318.86 

Schwarz= 
-12.33 

Log Likelihood= 
7459.65 

Schwarz= 
-11.08 

Log Likelihood= 
7466.49 

Schwarz= 
-11.06 

Log Likelihood= 
7344.89 

Schwarz= 
-10.91 

Log Likelihood= 
7353.03 

Schwarz= 
-10.89 
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TABLE 2.7 (continues Table 2.6) : BEKK-GARCH Model 2.15 and Model 2.16 estimation results 

Coeffic-   
-ients EMPORIKI BANK (TEMP) 

BANK OF PIRAUES 
(TPEIR)  EUROBANK (EUROB) ALPHA BANK (ALPHA) GENIKI  BANK (TGEN) 

EGNATIA BANK 
(EGNAK-COMMON 
SHARES) 

  Simple Model 
Modified 

Model 
Simple 
Model 

Modified 
Model Simple Model 

Modified 
Model Simple Model 

Modified 
Model Simple Model 

Modified 
Model 

Simple 
Model 

Modified 
Model 

C11  0.006 0.006 0.007 0.002 0.008 0.000 0.005 0.005 0.007 0.008 0.006 0.007 
  (10.515) (10.867) (13.156) (5.420) (7.442) (0.001) (4.779) (4.540) (13.156) (13.760) (11.047) (10.537) 
C21 0.002 0.002 0.002 0.001 0.001 0.000 0.001 0.001 0.002 0.002 0.001 0.002 
  (8.055) (8.282) (5.958) (6.201) (5.730) (0.000) (1.238) (1.572) (5.958) (6.353) (6.026) (5.613) 
C22 0.001 0.001 0.000 0.001 0.002 -0.002 0.000 0.000 0.000 0.000 0.001 0.001 
  (3.834) (4.574) (0.428) (3.120) (3.816) (-0.001) (-0.363) (-0.300) (0.428) (0.500) (2.647) (2.492) 
γ11 0.311 0.316 0.455 0.168 0.201 0.025 0.193 0.186 0.455 0.444 0.272 0.253 
  (8.622) (8.763) (15.510) (6.397) (3.900) (0.653) (3.471) (3.309) (15.510) (13.950) (10.966) (7.811) 
γ21 -0.060 -0.069 0.260 0.128 0.180 0.323 0.078 0.107 0.260 0.275 0.246 0.276 
  (-1.232) (-1.371) (7.758) (3.349) (2.992) (6.831) (1.102) (1.541) (7.758) (7.868) (8.474) (7.747) 
γ12 0.254 0.254 0.251 0.273 0.313 0.410 0.339 0.347 0.251 0.255 0.258 0.277 
  (9.524) (9.213) (14.014) (8.559) (8.724) (10.763) (8.924) (9.358) (14.014) (13.323 (15.035) (14.191) 
γ22 0.008 0.012 0.005 0.008 -0.011 -0.105 -0.068 -0.074 0.005 0.001 0.007 0.011 
  (0.438) (0.691) (0.308) (0.375) (-0.308) (-3.329) (-2.172) (-2.363) (0.308) (0.074) (0.588) (0.768) 
β11 0.899 0.897 0.765 0.980 0.738 1.055 0.897 0.905 0.765 0.732 0.914 0.895 
  (41.787) (41.246) (36.048) (103.740) (8.642) (44.263) (17.661) (17.560) (36.048 (26.944) (70.900) (48.414) 
β21 0.951 0.037 0.108 -0.041 0.136 -0.163 0.065 0.045 0.108 0.136 -0.026 -0.019 
  (69.221) (1.511) (2.992) (-2.422) (1.854) (-5.886) (1.105 (0.752) (2.992 (3.111) (-1.459) (-0.773) 
β12 0.044 0.949 0.964 0.935 0.986 0.839 0.883 0.870 0.964 0.962 0.961 0.952 
  (1.840) (66.399) (78.676) (72.514) (27.819) (31.789) (24.984) (23.807) (78.676 (69.218) (130.398) (90.899) 
β22 -0.001 -0.004 -0.004 0.007 -0.055 0.086 0.061 0.068 -0.004 -0.004 -0.006 -0.008 
  (-0.126) (-0.389) (-0.378) (0.873) (-1.241) (3.530) (2.047) (2.199) (-0.378) (-0.312) (-0.917) (-0.907) 
d11   -0.135   -0.426   0.226   0.057   -0.206   0.315 
    (-0.580)  (-7.234)  (1.742)  (0.162)  (-1.334)  (4.275) 
d21   0.452  0.596  -0.392  -0.186  0.852  -0.256 
    (1.812)  (6.481)  (-2.992)  (-0.470)  (5.222)  (-1.377) 
d12   0.221  0.196  -0.379  -0.200  0.080  -0.106 
    (1.208)  (2.147)  (-3.501)  (-0.938)  (0.941)  (-1.326) 
d22   -0.056  -0.205  0.139  0.020  -0.060  0.023 
    (-0.359)   (-4.129)   (1.197)   (0.105)   (-2.124)   (0.632) 
Diagnostics 
for model 
performance 

Log Likelihood= 
7948.863 

Log Likelihood= 
7950.215 

Log kelihood= 
7675.044 

Log Likelihood= 
8261.487 

Log Likelihood= 
8426.503 

Log Likelihood= 
8429.870 

Log Likelihood= 
8270.195 

Log 
Likelihood= 
8268.190 

Log Likelihood= 
7654.04 

Log Likelihood= 
7681.73 

Log Likelihood= 
7540.31 

Log 
Likelihood= 
7549.77 

  
Schwarz= 
-11.804 

Schwarz= 
-11.785 

Schwarz= 
-11.396 

Schwarz= 
-12.249 

Schwarz= 
-12.517 

Schwarz= 
-12.501 

Schwarz= 
-12.284 

Schwarz= 
-12.264 

Schwarz= 
-11.396 

Schwarz= 
-11.384 

Schwarz= 
-11.195 

Schwarz= 
-11.187 

Within  parenthesis t-statisitic is reported. Values in italics indicate statistical significance at a=5% or 10%. 
Red colour denotes statistical insignificance. Blue colour denotes statistical significance.       
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Figure 2.3: Simple & Modiffied BEKK-GARCH  Covariances between the Banks’  

and ATHEX Indexes’ Returns Series.  
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      Note:  “_D”  stands for a Modified BEKK-GARCH model 

 

 

 

Figure 2.4: Time-Varying Beta Comparison for the two Alternative Models of Attica Bank.  

 

 

                       (----Blue line: TATT simple Model, ----Red line: TATT Dummies Model) 
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Figure 2.5: Time-Varying Beta Comparison for the two Alternative Models of Egnatia Bank.  

 

 

               (-----Blue line: EGNAP simple Model, -----Red line: EGNAP Dummies Model) 
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PART II 
 

CORPORATE INCOME TAX CHANGES AND  

REAL ECONOMY EFFECTS … 
 

…The Corporate Income Tax Rates’ relationship with Corporate Income 
Tax Revenues, GDP Growth and FDI inflows  

 

INTRODUCTION 
 

Below follows a list of questions and answers about the goals, the methodology, the 

data and the expected contributions to the literature and to public policy offered in the 

Part II (Chapters 3, 4 and 5) of the study: 

 

� What are the goals of the study in Part II? 

 

The study in Part II  moves the research focus from the capital market to the real economy 

and discusses the relations between corporate income tax rates, corporate income tax 

revenues, GDP growth and FDI inflows. According to the field literature, changes in the tax 

rates probably result in changes of the above three macroeconomic factors. The role of  

corporate taxes as a fiscal policy instrument is frequently implied by the need for increasing 

pubic revenue, GDP growth and FDI inflows. In fact, the relationship between corporate 

taxes and corporate tax revenues is not a monotonic one. Therefore, when the policymakers 

adjust corporate taxes, for example, looking forward to increasing public revenues, they 

should also consider nonlinearities that arise from factors affecting the corporate tax base 

(e.g., peculiarities of the local economy, tax authorities enforcement power, or the black 

market) and the side effects on GDP growth and FDI. The same argument stands when the 

policy stimulus for a tax rates’ adjustment is to increase countries’ competitiveness on the 

grounds of FDI or, to boost countries’ GDP growth (see Figure 3.1). 
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� Why is there a need to investigate the effects of corporate tax rates in these three 

different directions? 

 

It is well known in public policy practice and occasionally documented in the academic 

literature that a corporate tax rate adjustment interrelates with corporate tax revenues, GDP 

growth and FDI inflows. In other words, there is an interconnection among the above three 

economic factors where the corporate tax rate is the central, determinant variable in common. 

At first glance, one could say that if tax rates rise beyond a certain level, they will negatively 

affect corporate tax revenues, GDP growth and FDI inflows. Although this is an important 

issue to start with when considering the establishment of the three corporate tax relationship 

models, ambiguities arise as to the existence of an optimisation level, the way the model is 

modified across countries, and the way the corporate tax adjustment effects are weighted 

across the economic factors. Additionally, there arise policy trade-off issues between the FDI 

inflows, corporate tax revenues and GDP growth. In other words, we need to investigate at 

what level the marginal utility gains from a rise in FDI inflows will outperform the marginal 

tax revenue losses from a decrease in corporate tax rates and what this means in terms of tax 

competition among the countries considered in the study. This investigation will be critical 

for the construction of a computational tax competition model at the latter part of the study. 

 

 

� How is this part of the study implemented? 

 

First, we construct the nonlinear relationship between corporate tax revenues and corporate 

tax rates. In this procedure, we are merely concerned with the investigation of the country-

specific features. Next, we proceed to the calibration of the GDP per capita growth–corporate 

tax rates (or corporate tax revenues) relationship within an endogenous growth theory 

framework, also considering the country-specific growth effects. In the last part of this 

chapter, we construct the nonlinear FDI inflows’ response function to tax rates’ differentials. 

This function will eventually become the ground basis for drawing the alternative corporate 

tax setting policy scenarios. These scenarios will be tested within a computational FDI 

probability distribution model (Chapter 5) under the restrictions set by the country-specific 

needs and demands on corporate tax revenues and GDP growth. 
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• What is the time period, the methodology and the sample of countries used for 

the calibration of the relationships? 

 

The study contacted on a group of 12 OECD countries for the period 1982-2005. The 

countries examined are as follows: Canada, France, Germany, Greece, Italy, Japan, 

Netherlands, Portugal, Spain, Sweden, UK and US. The group under study is quite 

representative as it accounted for more than 65% of the world’s total FDI inflows and 

GDP at the end of 2005.  

The methodology employs ordinary least squares (OLS), fixed effects and random 

effects panel models as well as (tax variable coefficient) extensions of the OLS 

models (where needed) to capture the country-specific effects. Additionally, 

endogeneity and control variables’ addition robustness tests are implemented. 

 

� What are the expected novelties in the calibrated corporate tax rates and 

revenues relation? 

 

This empirical investigation of the nature of the relations among corporate tax 

revenues, corporate tax rates and FDI inflows is implemented within the framework 

of an empirical calibration of the theoretical Laffer tax revenues curve, which, in any 

case, is documented in the empirical corporate tax literature in only two recent 

studies. This study is novel in its assignment of a unique Laffer curve for each single 

competing (for FDI inflows) country. The calibration of the country-specific 

corporate tax revenues curves is determined by the countries’ individual economy 

characteristics and is unique for the empirical studies in this field.  

 

� What are the expected novelties in the estimated corporate tax rates and GDP 

growth relation? 

 

The calibration of this relation is motivated by the inconclusive empirical findings 

caused by the implied nonlinearities that cannot be effectively captured in empirical 

linear models.  

In this part of study, hence, we test for existing nonlinearity in the relationship 

between corporate taxes and economic growth. In this field of empirical literature, it 
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is quite extensively concluded that corporate taxes can be correlated with economic 

growth, whereas there is a long-standing dispute in the literature on the 

appropriateness of the tax variables used and the methodological limitations of the 

empirical models. We start this investigation with effective average tax rates (EATR) 

as a corporate tax variable that accounts not only for the country-specific tax effects 

but also for the effect of corporate taxation on the investment capital allocation 

worldwide.  

This investigation is applied within a theoretical framework of the endogenous 

growth theory according to which taxes permanently affect economic growth. It 

specifically tests for the theoretical economic growth-taxes parabolic relationship 

described in Barro (1990). 

 

� What are the expected novelties in the estimation of the FDI inflows’ responses 

to corporate tax rate differentials? 

 

This study goes beyond the concept of bilateral FDI inflows in pairs of competing 

countries that is common in the FDI literature. We believe that the FDI competition, 

to a higher or a lower degree, concerns an overall trend among many countries, not a 

competition between opponent countries on bilateral FDI flows. In other words, 

countries do not motivate themselves to lower their corporate taxes simply to increase 

the amount of FDI flowing in from a single competitor country or, moreover, to 

decrease the FDI that flows out from them to a competitor county. For these reasons, 

the conceptual basis of this part of the study is that of a pair-wise competition that 

considers the overall world FDI inflows that each of the competing pairs of countries 

seeks to capture in a simultaneous competition game. This point of departure of our 

investigation, in addition to being innovative, makes the study findings more realistic 

and tangible in terms of policy considerations. 

 

� What are the policy issues examined in the corporate tax rates and corporate tax 

revenues relation? 

We expect to contribute to public policy considerations in two ways. First, we discuss 

whether small opened economies, to become competitive in the world tax 

competition, should consider lowering their tax rates, controlling also for other 

variables in their economies. Second, we discuss the scenario of the corporate income 
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tax rates’ race to bottom, which has been extensively debated in the recent decades’ 

tax policy agendas in the EU, but might not be realistic. We expect to add evidence to 

the discussion of worldwide tax competition, which is a hot topic in the academic 

literature and in the European Commission’s and OECD’s policy agendas. 

 

� What are the policy issues examined in the corporate tax rates and economic 

growth relation? 

This part of the study is expected to offer empirical findings relevant to the policy 

question of whether there should be particular concern (beyond that of a corporate tax 

revenue increase) about the corporate tax rates’ effect on economic growth when we 

set the tax rates to enhance tax revenues. If case findings document that economic 

growth changes in a linear monotonic way with corporate tax revenue changes, a 

separate optimisation policy concern for economic growth can be overcome. This 

means that in an endogenous growth framework, seeking to optimise corporate tax 

revenues by changing tax rates would also account for economic growth tax affected 

optimisation.  

 

� What are the examined policy issues in the differential responses of FDI to 

corporate tax rates’ differentials? 

 

The policy issues here focus on the comparison of the efficiency of three corporate 

tax variables that are extensively used in the latter literature in FDI inflow 

determination: STR, EATR and EMTR. The study findings offer evidence on whether 

a yardstick competition exists. Also, we contrast EATR and STR against other 

economic factors, like economic magnitude, transparency of public services, market 

openness, and technology, in terms of their power to determine FDI inflows. This 

analysis offers insights to the fiscal policy practise as to the appropriate mix of 

control variables in the development of an FDI-efficient corporate tax policy. 
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Figure 3.1: The Model of Corporate Income Tax Rate Changes and  

                        the Real Economy Effects Transmission Channels 
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CHAPTER 3  

Corporate Income Tax Revenues and Corporate Income Tax 
Rates  
 
 

3.1 Introduction  
 
The taxation of corporate income varies considerably across the OECD countries. 

Frequently, corporate tax policies vary in the OECD countries in terms of the 

corporate tax rates, the taxation of dividends distributed to shareholders relative to the 

taxation of the net income profits and the income reinvested in business activities, the 

tax allowances, the tax treatment of home and host multinational firms, etc. During 

the period of the study, 1982-2005 (and mainly during the last decade), a considerable 

trend towards a convergence in the OECD countries’ corporate tax policies in terms 

of lowering the corporate tax rates and broadening the income tax basis with tax 

relief, exemption, or tax credit actions is apparent. Quite often, a country chooses a 

mix of tax measures urged to increase its public revenues, to stimulate investments, to 

offer incentives for firms to renew their machinery and production equipment, to 

increase employment, and enhance automation and technology diffusion in 

production. 

 
Whatever tax policy mix a country follows, during the period studied a noticeable 

overall trend towards a lowering of the corporate tax rates in the majority of the 

OECD countries is witnessed. Whether this is induced by mimicry (yardstick 

competition) in countries’ competition for worldwide investment capital or is a 

consequence of a scheduled policy to broaden the domestic tax base and gain long-

run increases in corporate tax revenues is a subject under discussion in the field 

literature. The truth is that there is a clear and gradual decrease in corporate tax rates 

and a gradual increase in corporate tax revenues for the OECD countries. Thus, the 

question arises of whether this practise eventually leads countries to a race to bottom 

in terms of corporate tax rates or, if not, how this road will end. In other words, for 

how long will corporate tax revenue continue to be higher the lower the corporate tax 

rates are? Also, where is the critical point at which the countries engaged in the tax 
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race will start losing (in terms of public revenues and economic growth) because they 

have drifted far away from the Pareto optimal positions? Undoubtedly, whether a 

need for a consolidated tax base exists or not in the gulf of closed economic and/or 

trade unions like the EU is a highly controversial topic in the economic diplomacy 

and EU fiscal policy agendas. In this section, we start the investigation on this issue, 

focusing specifically on the relations between corporate tax revenues, tax rates and 

FDI because tax revenues are a key parameter in the fiscal policy agenda and usually 

dictate tax law changes. First, we shed light on the nature of the relations between 

corporate tax revenues, corporate taxes and FDI inflows, looking for turning points in 

this apparently monotonic, long-run relationship (see Figure 3.A.1 in Appendices). 

This analysis is useful for policymakers developing their countries’ corporate tax 

policy. The discussion of the tax competition issue by means of tax rates changes will 

take place in the last part of the study. 

 

We primarily stress the issue that the examined corporate tax revenues and tax rates 

relation takes place in a static framework, so the study does not account for likely 

dynamic features of the relationship. Considering dynamic features and/or short-term 

nonlinearities is beyond the scope of the present study33. Undoubtedly, an 

examination of the static relationship between tax revenues and corporate taxes 

should also consider the influential (direct or indirect) effects of a variety of factors 

besides corporate tax rates, including tax base changes, tax avoidance practises, the 

aggressiveness of tax planners, or the tax authorities’ enforcement power. Other, less 

obvious, influences might stem from corporate taxes’ role as a “backstop” for the 

individual income tax (Slemrod, 2004), the effect of a country’s size and initial 

statutory tax rates (Mutti, 2003), and the effect of corporate taxes on the quality of 

incoming FDI (Becker and Fuest, 2007), among other concerns. 

 
We are particularly interested in the approach of Claussing (2007), who studied 

corporate income tax revenues relative to GDP changes in a group of OECD 

countries during the 1979-2002 period. This work found an aggregate parabolic 

relationship between corporate tax rates and corporate income tax revenues, implying 

the existence of a revenue–maximising corporate income tax rate. In particular, 

Clausing (2007) seems to be the first study in the related literature that empirically 
                                                 
33 Discussion on that topic can be found in the recent literature examining nonlinear causality issues in 

corporate taxation e.g. Karagianni, Pempetzoglou, Saraidaris (2009a, 2009b). 
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replicates the Laffer curve. Generally, the theoretical Laffer curve is built around the 

idea that economic activities are a decreasing function of the income tax rate. Thus, 

due to the decreasing economic activities, total tax revenues are expected to increase 

when the income tax rate ranges at its lower levels, whereas they will decrease at the 

higher levels. In other words, the changes in tax rates have a double-sided effect. 

When tax rates decrease, there is an initial trend toward a decrease in tax revenues 

collected on the existing tax base, but soon after, there will be a positive impact on 

economic output (as will be discussed in the following section), employment, and so 

on, and thereby on a broadening of the existing tax base that will positively affect the 

corporate tax revenues. The parabolic relationship between tax revenues and tax rates 

is said to be steeper for small open economies compared to large closed ones.  

 
The discussion of the Laffer curve in the field empirical literature ranges from 

extensions of the basic parabolic model (e.g., Brill and Hasett, 2007) to studies that 

question its existence, such as Gravelle and Hungerford (2007). For the purposes of 

this study, the Laffer curve will provide a theoretical basis for our analysis, starting 

from a reduced-form baseline model up to extended versions that will allow us to 

account for countries’ individual features on some aggregated level. 

 

At first, when reviewing this literature, we noticed that there is a very limited number 

of studies that examine the changes in corporate tax revenues, undertaking a 

comprehensive analysis of the determinants of corporate income tax revenues. 

Literature related to this topic also includes studies examining the causality issues 

between corporate tax revenues (e.g., tax burden ratios); the majority of these are one-

country and one-variable time-series studies.  

 

Obviously, the focus of this study lies beyond a single country and a single variable 

investigation. In the present study it is applied a comprehensive empirical 

investigation of the likely sources of the corporate tax revenues change in a set of 

countries and, for a range of variables that control for the production, the market 

potential, the market openness etc. Consequently, the contribution of the present 

study lies to offering new empirical findings as regards to the nature of the corporate 

tax revenues, the corporate tax rates and the FDI inflows relationship. The empirical 

calibration of the theoretical Laffer corporate tax revenues curve in the study (this 
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concerns only a pair of  recent studies in literature) is being distinguished by the 

novelty of the assignment of a unique Laffer curve for each single-competing (on FDI 

inflows) country. The later is being determined by the country’s individual 

“characteristics” and therefore, is unique among the empirical studies of this field. 

Furthermore, the findings of this study, especially those related to the decoupling of 

the country-specific effects, offer rather important insights in the discussion of the 

worldwide tax competition, which is a hot topic both in academic literature as far as,  

in the European Commission’s  and OECD’s policy agenda. 

 

Theoretically speaking, the calibrated country-specific parabolic models will offer us 

the countries’ objective functions for developing at a later stage of the study a 

computational tax competition game that will be extensively presented in the Part III 

of the overall study. 

 

The present study is organised as follows: Section 3.2 provides summarized review of 

the relevant literature. Section 3.3 presents the theoretical models for the empirical 

estimation, Section 3.4 discusses the variables and the data used in the empirical 

analysis. Section 3.5 discusses regressions’ results and finally, Section 3.6 concludes 

and discusses policy considerations. 

 
 

3.2 Literature Review 
 

During the past two decades, statutory corporate tax rates in Europe have fallen 

considerably. This has induced fears and an extended controversy concerning race-to-

the-bottom scenarios in the EU. However, despite the reduction in corporate tax rates, 

corporate tax revenues have, quite surprisingly, increased. From the noticeably 

limited literature discussing the relation between corporate tax revenues and tax rates, 

we highlight the following studies: 

 

Auerbach and Poterba (1988) and Douglas (1990), in analyses of US and Canadian 

data, decomposed the tax revenue share into the tax rate and the profit rate. They both 

reach the conclusion that it is the declining profitability, rather than the declining tax 

rates, that explains the bulk of the reduction in corporate income tax revenues.  
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Poterba (1992) examined the revenue effects of the Tax Reform Act of 1986 in US. 

He examined the reasons for the tax revenues to be lower than policymakers expected 

prior to the reform. He found that the reduced corporate profitability was accounted 

for by tax base erosion, which led to lower tax revenues. Additionally, he attributed 

this phenomenon to the lower level of interest payments, as well as to the growth of 

corporations that were taxed under the individual income tax. 

 

Devereux et al. (2002) and, Griffith and Klemm (2004) show that corporate tax rate 

reductions have been accompanied by base-broadening policies in many OECD 

countries. Both studies provide an overview of trends in corporate income tax 

revenues without explaining the sources of these trends.  

 

Bartelsman and Beetsma (2003) discuss the issue of how tax-motivated transfer 

pricing affects corporate income tax revenues. Their empirical approach relates 

differences in tax rates between the country and the OECD average to a ratio of value 

added to labour compensation. The findings indicate a negative relationship between 

value added and country tax rates, which, according to the authors, indicates a profit 

shifting toward low-tax countries.  

 

Devereux et al. (2004) examined U.K. corporate tax revenues for the period 1980- 

2004, focusing on the puzzling phenomenon of reductions in corporate statutory tax 

rates and increases in corporate revenue. They concluded that this is first, due to 

measures that increased the corporate income tax base breadth. Second, it is due to 

high profits in the financial sector that, in turn, probably increased the taxable income 

generated by the corporate sector.  

 

Weichenrieder (2005) and Sørensen (2007) concluded that the corporate share of 

business income has indeed increased during the past decades in a number of 

countries and that the growth of the corporate share in the economy is a possible 

explanation for the falling corporate tax rates as corporate tax revenues increase.  
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Auerbach (2007) replicated and extended the methodology presented by Auerbach 

and Poterba (1988). He found that legal restrictions in the loss offsets may account 

for the increased tax revenues. 

 

Clausing (2007) studied the variation in size of corporate income tax revenues 

relative to GDP among OECD countries during the period from 1979-2002. She 

found an aggregate parabolic relationship between corporate tax rates and corporate 

income tax revenues, implying the existence of a revenue–maximising corporate 

income tax rate. In particular, Clausing (2007) empirically replicated the well-known 

Laffer curve, finding a strong and robust impact of tax rates on corporate tax 

revenues. She also found that low-tax countries benefit more from increasing their tax 

rates than high-tax countries do. The parabolic relationship allows deriving a revenue-

maximising tax rate of approximately 33%. Openness to trade and capital as well as 

country size had significant influences on the tax rate coefficient. Clausing (2007) 

concluded that the tax base in large and less open economies was inelastic to 

corporate tax rate changes, whereas it was more elastic in small and  open countries. 

 

Devereux (2006) commenting on Clausing (2006)34, is rather sceptical about whether 

there is a clear link between tax rates and revenues. He believes that the study’s 

results are not robust against the inclusion of time dummies and other control 

variables. Moreover, the measures of openness prove to be of insignificant impact. 

Devereux concludes by stating that, seemingly, ‘there is no systematic relationship 

between tax rates and revenues across OECD countries’.  

 

Devereux et al. (2008) investigate whether OECD countries compete with each other 

over corporation taxes and whether such competition can explain the fall in statutory 

tax rates in the 1980s and 1990s. They found evidence that countries compete over 

both measures. There is strategic interaction only between open economies. The 

reductions in equilibrium tax rates can be attributed to more intense competition 

stimulated by the relaxation of capital controls. 

 

Becker and Fuest (2010) argue that pre-tax profitability in the economy has increased 

because of the globalisation effect, which has led to higher profit shares and hence to 

                                                 
34 An unpublished initial edition of the published paper Clausing (2007). 
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a broadening of the corporate tax base. They conclude that there is a strong and robust 

evidence for a positive impact of internationalisation on tax revenue. They argue that, 

an increase of ten percent in the internationalisation indicator increases tax revenues 

by over three percent.  

 

De Moij and Nicodème (2008), noticing also that, in Europe, declining corporate tax 

rates have accompanied rising tax-to-GDP ratios, explored to what extent income 

shifting from the personal to the corporate tax base can explain these diverging 

developments. They found evidences that the effect is significant and large. They 

conclude that the revenue effects of lower corporate tax rates—possibly induced by 

tax competition—will partly show up in lower personal tax revenues rather than in 

lower corporate tax revenues.  

 

The studies above are the most important in the corporate tax revenues literature, but 

they do not undertake a thorough, detailed examination of the corporate income tax 

revenues’ determinants.  

 

In the present study, we undertake a comprehensive empirical investigation of the 

likely sources of the corporate tax revenues’ change in a set of countries, controlling 

for a range of variables including FDI inflows, production, the economy, market 

openness, and technology. The empirical calibration of the parabolic country-specific 

corporate tax revenue curves is distinguished by the novelty of the successful 

assignment of a unique Laffer curve for each single competing (on FDI inflows) 

country. 
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3.3 Theoretical Considerations  
 

Below we illustrate the basic theoretical models to be empirically estimated in the 

following sections:  

a) A static linear Corporate Tax Revenues model (discussed in Table 3.4). 
 

1 20 ,( ) ( ) ,  1,...,12,

(0, )
jtjt tjt jt jt jt

ut

XCTR c c TR c FDI f K L u j

u N σ
+= + + + + =

∼

            (3.1) 

With Equation (3.1), we investigate the static linear Corporate Tax Revenues (CTR)-

Tax Rates relationship.  

b) A ‘Laffer  type’ (static-quadratic) Corporate Tax Revenues  model (discussed in 
Tables 3.5, 3.6 & 3.7) 

2
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With Equation (3.2), we investigate the static nonlinear Corporate Tax Revenues 

(CTR)-Tax Rates relationship. 

In the two above theoretical models, CTR stands for the corporate tax revenues. The 

main determinant variables for the CTR effect in the empirical investigation are the 

effective average tax rate, the statutory tax rates and the FDI inflows. 

TRij: We test both EATR and STR as tax rate variables. The cjt constant might vary 

across the countries of the sample in order to capture the heterogeneity in countries’ 

tax effects. 

FDI jt: Is the foreign direct investment inflows variable which is regarded as a central 

CTR determinant in the above examined models. 

Kjt: Is the physical capital factor. As proxies of the Kt   in the study will be used 

variables related to the gross capital formation, the gross operating surplus, the gross 

fixed capital formation rate etc. 
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jtL : Accounts for the human capital (employment) factor. Proxies of the jtL for the 

empirical investigation are the population employment, labor force, upper secondary 

school enrolment. 

Xjt: Is a control vector that includes the corruption perception index (CPI), the 

country openness indexes (FIOSAGDP & FIOSUMGDP), the GDP per capita growth 

rate and the technology-telecommunications index (TELREVG). 

3.4 Variables and Data  

Our analysis considers a group of 12 OECD countries for the period 1982-2005 using 

data for CTR determinants that account for the FDI inflows, the physical capital 

formation, the employment, the enrolment in education and, telecommunication 

(infrastructure). Based on the relevant literature, discussed above, we consider 

corporate tax revenues modelling with the following variables: CTR, EATR, EATRSQ, 

STR, STRSQ,  GFCFR, GFCFSGDP, GCFSGDP, EMPLPC, USENRPOP, LABFOR, 

CPI, OPEN, FIOSAGDP, FIOSUMGDP, GDPPC, and TELREVG.  Details on the 

data statistics, definition of the symbols above as well as, information related to the 

data sources, units and expected signs of the CTR effect can be found in Table 3.1, 

Table 3.2 and Table 3.3.  The group of the countries examined includes: Canada, 

France, Germany, Greece, Italy, Japan, Netherlands, Portugal, Spain, Sweden, the UK 

and the US, and is quite representative as accounts for more than 60% of the worlds’ 

corporate tax revenues and FDI inflows in the year 2005. The countries included in 

the study exhibit a variety of economic, development and entrepreneurship features 

e.g. GDP level, population, educational level, tax evasion characteristics, FDI inward-

onward, diffusion of technological and automation advances in production etc. In this 

study a special consideration is given to the illustration of the individual countries’ 

behaviour in the CTR modelling in addition to, the role that FDI inflows play in CTR 

changes. This is attempted by letting tax variables (namely EATR and STR) vary 

across the countries of the study. Below follows a detailed discussion of the data and 

variables’ characteristics. 
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3.4.1 The Dependent Variable: Corporate Tax Revenues 

The endogenous variable is the Corporate Tax Revenues (CTR). The country with the 

highest mean value of corporate tax revenues is the US, and the one with the lowest 

mean value is Portugal. The average corporate tax revenues for the group of 12 

OECD countries seems to rise during the examined period (see Figure A.1). The 

corporate tax revenues are in US dollars, in current prices and come from the OECD 

Revenue and National Accounts Databases. 

In the following empirical study, we investigate the nature of the relationship between 

the CTR and the corporate tax rates; EATR and STR are taken as the central 

exogenous tax variables. 

3.4.2 Exogenous Variables that account for Corporate Tax Rates and FDI Inflows 

The EATR was selected as the main corporate tax variable for the study. The EATR, 

as a corporate taxation variable, accounts not only for the country-specific tax effects 

but also for the effect of corporate taxation on the investment capital allocation 

worldwide. We selected EATR from among a set of alternative tax variables (e.g., tax 

burden ratios, effective marginal tax rates) because it is believed to be a 

representative proxy of the Real tax burden allocation and its use is suggested in the 

literature (see Devereux and Griffith, 2003, and Devereux et al., 2004) to account 

effectively for both countries’ tax system complexities and also for the 

multinationals’ decision to select a host country for investments. A. Klemm (2003) 

extends the EATR developed in Devereux and Griffith (2003) by relaxing the 

assumption of a one-period perturbation in the capital stock and he opens his study 

with the phrase: “The effective average tax rate (EATR), as developed in Devereux 

and Griffith (2003) has proved a popular measure of capital taxation, both in 

academic research and policy analysis. Its great strengths include that it is based on 

tax laws and thus forward-looking, and that it is defined for any level of pre-tax 

profits, thus encompassing the effective marginal tax rate (see King and Fullerton, 

1984) as a special case, when the post-tax economic profit is exactly zero”. 

 

In this study with the selection of both the EATR and the Openness variables (which 

will be discussed below) we consider for international factors that might challenge 

multinational firms to relocate or shift their profits in low-tax countries.  
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With regards to the EATR values, the country with the highest mean value is Japan, 

with 39%, whereas UK has the minimum mean EATR value of 25.7%. The EATR 

values are given in level ratios. In more detail, the average EATR for the group of 

countries studied gradually decreased during the examined period (see Figure A.2). 

They were calculated by Devereux and Griffith (2003)35  as a weighted average of an 

Effective Marginal Tax Rate (EMTR) and an adjusted Statutory Tax Rate (STR). In 

more detail, the EATR shows the distribution of effective tax rates for an investment 

project over a range of profitabilities. For the calculation of countries’ EATR in the 

data set updated by A. Kleem (in 2005), which is provided by the Institute of Fiscal 

Studies in the document “tablesIFS.xls”, specific assumptions have been made, e.g., 

investments in the plant and machinery are financed by equity or retained earnings, 

taxation at the shareholder level is not included, the rate of economic rent is 10% (i.e., 

a financial return of 20%), the real discount rate is 10%, the inflation rate is 3.5%, and 

the depreciation rate is 12.25%.36  

 

As regards to the expected sign of the EATRs’ effect this becomes  ambiguous since, 

according to the Laffer effect literature37, while at lower tax rates is positive, it 

becomes negative after a certain level. The implied changing sign of the effect drives 

the research to a parabolic relationship which is actually examined in the study by the 

combination of the EATR and EATRSQ (see Tables 3.5-3.6).  

 

Alternatively to the EATR, we test STR and STRSQ as tax variables. The data on STR, 

also came from the updated by A. Kleem data set provided by the Institute of Fiscal 

studies in the document “tablesIFS.xls”. STR is used as an additional tax variable that 

is not evidently effective from the point of view that, can not account for broader 

corporate income tax law changes that affect also the taxable corporate income (see 

Figure A.3). Nevertheless, we also notice below that they exhibit behaviour similar to 

EATR in the CTR relationship modelling. 

                                                 
35 For the applied formula refer to Devereux and Griffith (2003).  
36 Refer to: http://www.ifs.org.uk/publications.php?publication_id=3210. In the present study we use 

the EATR “base case” scenario. 
37 See Clausing (2007), Brill and Hasett, (2007), etc. 
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FDI stands for the Foreign Direct Investment inflows. Data comes from United 

Nations Conference of Trade and Development (UNCTAD) Statistical Databases and 

according to the database’s definition the FDI components: ‘are equity capital, 

reinvested earnings and other capital (mainly intra-company loans). Countries differ 

in the threshold value for foreign equity ownership which they take as evidence of a 

direct investment relationship. This is the level of participation at or above which the 

direct investor is normally regarded as having an effective say in the management of 

the enterprise involved. The threshold value usually applied for FDI is 10 per cent, 

for data on the operations of TNCs, it involves chosen ranges of between 10 and 50 

per cent. Some countries do not specify a threshold point, but rely entirely on other 

evidence, including companies´ own assessments as to whether the investing company 

has an effective voice in the foreign firm in which it has an equity stake. The 

quantitative impact of differences in the threshold value used is relatively small, 

owing to the large proportion of FDI which is directed to majority-owned foreign 

affiliates’.38 

 

The FDI is a critical variable for the corporate tax revenues model as well as for the 

modelling of the FDI differentials in the Chapter 5 and, finally, for the construction of 

the computational competition tax model in the Chapter 6. It is expected to broaden 

the taxable corporate income base and, therefore, to have a positive impact on the 

corporate tax revenues. 

 

3.4.3 Exogenous Variables that account for the Physical and Human Capital 
Formation 

GFCFR, is the Total Gross Fixed Capital Formation Rate (percentage ratio). Data on 

the Total Gross Fixed Capital values (GFCF) comes from the OECD stats databases 

and measures the rate of change for the value of acquisitions of new or existing fixed 

assets by the governments, in the business sector, and in households (without 

unincorporated enterprises) less disposals of fixed assets. The GFCF stands for a 

GDP expenditure determinant and also accounts for the amount of the new value-

                                                 
38 More details available at: http://www.unctad.org/Templates/Page.asp?intItemID=3147&lang=1. 
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added invested in the economy. Consequently, it is expected to affect positively 

corporate revenues and thus, the corporate taxable income (see Figure A.7). 

GFCFSGDP: Stands for Total Gross Fixed Capital Formation Stock by GDP and is 

the ratio between Total Gross Fixed Capital Formation Stock and GDP. It is used as a 

proxy of the physical capital accumulation effect. Total Gross Fixed Capital 

Formation Stock data (GFCFS) are taken from the OECD Statistics Databases and 

represent the stock, measured by the sum of the total value of a producer’s 

acquisitions, less disposals, of fixed assets during the accounting period plus certain 

additions to the value of non-produced assets (such as subsoil assets or major 

improvements in the quantity, quality or productivity of land) realised by the 

productive activity of institutional units. The GFCFS is also expected to positively 

affect the corporate tax revenues because, when referring to the corporate sector, the 

bigger an investment is in terms of fixed assets, the higher the corporate revenues are 

expected to be. The same is true for the ratio GFCFSGDP. 

 

GCFSGDP: Stands for Total Gross Capital Formation Stock scaled by GDP and as 

above, is taken from the OECD stats databases. The GCFSGDP is a physical capital 

ratio expected to affect positively the corporate tax revenues for the same reasons as 

above. 

      

Below follows a set of variables that accounts for the human capital effect on 

corporate revenues, i.e., Employment, Labour force and Enrolment in upper school 

education. 

EMPLPC: is taken from the OECD: Population and labour force statistics database 

and is the ratio of the employed to the total population. It is expected to positively 

affect the corporate tax base because the higher the employment ratio is, the higher 

the production, the consumption and consequently the share of corporate revenues 

will be. The country with the highest mean employment for the period studied is 

Japan, with 50%, and that with the lowest mean employment is Spain, with 34%  (see 

Figure A.8). 

LABFOR: Labour force is taken from the OECD, Annual National Accounts- 

Population and Employment data base. It is the percentage ratio of the employed 
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population to all those who fulfil the requirements to work. It is expected to positively 

affect the corporate revenues because, the larger the labour force, the higher 

production and consumption (and therefore the expected corporate revenues) will 

become. The country with the highest mean labour force for the period studied is 

Japan, with 51.7%, while the country with the lowest mean labour force is Greece, 

with 40.2%.  

USENRPOP: is the population percentage ratio of students enrolled in upper 

secondary education and is frequently considered to be a proxy for human capital 

formation in the AK Cobb-Douglas production function in the relevant literature. The 

data for the ratio calculation are taken from the OECD Statistics Databases (the 

enrolment values for the three initial years of the period studied are missing). The 

country with the highest mean USENRPOP for the period studied is the UK, with 

9.6%, whereas the country with the lowest mean USENRPOP is Germany, with 3.5%. 

In addition to the above human capital proxies, USENRPOP is expected to be a proxy 

for education and specialisation in employment and, therefore, is expected to affect 

the GDP growth and corporate revenues positively because the higher the value of 

this ratio, the larger is the boost to the production through knowledge advances.  
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TABLE 3.1: Summary Statistics for the Variables in Corporate Tax Revenue Models.  

 n  Mean  Maximum  Minimum  Std. Dev.

GDPPCGR 288 1.963 5.067 -2.083 1.788

CTR 280 0.492 0.702 0.309 0.116

CTRGDP 280 1.881 2.579 1.299 0.380

EATR 288 0.307 0.375 0.244 0.045

EATRSQ 288 0.099 0.146 0.061 0.029

STR 288 0.412 0.509 0.336 0.059

STRSQ 288 0.177 0.265 0.114 0.052

FDI 288 0.188 0.885 0.004 0.213

GFCFR 288 0.003 0.010 -0.012 0.005

GFCFSGDP 288 0.274 0.560 0.187 0.102

GCFSGDP 288 0.280 0.560 0.189 0.099

EMPLPC 287 0.428 0.466 0.390 0.025

LABFOR 287 0.469 0.497 0.442 0.017

USENRPOP 228 0.048 0.057 0.041 0.006

CPI 240 7.181 7.849 6.294 0.499

FIOSAGDP 284 0.338 0.686 1.686 1.228

FIOSUMGDP 284 0.031 0.320 -0.102 0.041

GDPPC 288 20,735 32,642 9,171 5,923

GDP 288 14.762 25.120 5.953 5.616

TELREVG 283 2.113 3.462 1.575 0.552

 

3.4.4 The Control Variables 

The control variables, CPI, FIOSAGDP, FIOSUMGDP, GDPPCGR and TELREVG, 

are included in the model specification process to capture the effects of the 

economy’s magnitude, the corruption/black economy, the market openness, and the 

infrastructure/telecommunications (technology diffusion).  

The Corruption Perception Index (CPI) comes from the Internet Center for 

Corruption Research and is an index scaled from ‘1’ to ‘10’ illustrating the degree to 

which corruption is perceived to exist among public officials and politicians. The 

Transparency International Organization, which is a global civil society organisation 

against corruption, defines corruption as the “the abuse of entrusted power for private 

gain”. The higher the CPI grade, the less corrupted the country’s public sector is 

perceived to be. Additionally, CPI could be used as a perception index of a country’s 
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black economy under the view of the well-disputed link between corrupted public 

officials and politicians and the black economy. Also, the stronger the black economy 

is, the less is the officially registered corporate taxable income, so this variable is 

expected to be negatively correlated with corporate tax revenues. 

TABLE 3.2: Variables Definition, Data sources, Units and Expected Sign of Effect 

VARIABLES DEFINITON DATA SOURCE  
UNITS OF 
MEASURE 

EXPECTED 
SIGN OF 
EFFECT 

 
GDPPCGR 

Growth Domestic Product p.c. 
growth rate 

The World Bank/World Development 
Indicators Data and Statistics  

DlnGDPpc 
(%) + 

CTR Corporate Tax Revenues 
OECD Revenue and National Accounts 
Databases. 

 
US dollars 
(x 1011)  in 
current 
prices  + 

CTRGDP 
Corporte Tax Revenues by 
GDP 

OECD Revenue and National Accounts 
Databases & The World Bank/World 
Development Indicators Data and Statistics  ratio + 

EATR Effective Average Tax Rates 

Institute for Fiscal Studies  (IFS) 
Publications-Datasets by Alexander Klemm 
(Base case EATR) ratio ? 

EATRSQ 
Effective Average Tax Rates in 
the second power 

Institute for Fiscal Studies  (IFS) 
Publications (Base case EATR) ratio ? 

STR Statutory Tax Rates 
Institute for Fiscal Studies  (IFS) 
Publications ratio ? 

STRSQ 
Statutory Tax Rates in the 
second power 

Institute for Fiscal Studies  (IFS) 
Publications ratio ? 

FDI 
Foreign Direct investments 
flows 

United Nations Conference of Trade and 
Development (UNCTAD) Statistical 
Databases 

US dollars        
( x 1011)  in 
current 
prices + 

GFCFR 
Total Gross Fixed Capital 
Formation Rate 

OECD stats:Economic Outlook No 86: 
Annual and Quarterly data (http://oecd-
stats.ingenta.com/OECD/) % ratio + 

GFCFSGDP 
Total Gross Fixed Capital 
Formation Stock By Gdp 

OECD stats:Economic Outlook No 86: 
Annual and Quarterly data (http://oecd-
stats.ingenta.com/OECD/) ratio + 

GCFSGDP 
Total Gross Capital Formation 
Stock by GDP 

OECD stats:Economic Outlook No 86: 
Annual and Quarterly data (http://oecd-
stats.ingenta.com/OECD/) ratio + 

EMPLPC Employment Population ratio 
OECD: Population and labour force 
statistics ratio + 
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USENRPOP 

 
Students enrolled by Upper 
secondary education as % of 
population 

OECD stats:http://oecd-
stats.ingenta.com/OECD (Annual National 
Accounts - Population and Employment ) ratio + 

LABFOR Labor Force  
OECD: Annual National Accounts -  
Population and Employment ratio + 

CPI Corruption Perception Index 
Internet Center for Corruption Research 
(http://www.icgg.org/corruption.index.html) 

Scales from 
1  to 10  + 

FIOSUMGDP 

 
Market Openness Index (Ratio 
of FDI Inflows stock plus FDI 
Outflows stock, by GDP) 

United Nations Conference of Trade and 
Development (UNCTAD) Statistical 
Databases &The World Bank/2008 World 
Development Indicators   ratio + 

FIOSAGDP 

 
Market Openness Index (Ratio 
of FDI Inflows stock plus FDI 
Outflows stock in absolute 
values, by GDP) 

United Nations Conference of Trade and 
Development (UNCTAD) Statistical 
Databases &The World Bank/2008 World 
Development Indicators   ratio ? 

GDP 
 Gross Domestic Product 

The World Bank/2008 World Development 
Indicators                              
(http://go.worldbank.org/U0FSM7AQ40) 

 
US dollars  
( x 1011)  in 
current 
prices ? 

GDPPC 
Gross Domestic Product Per 
Capita 

The World Bank/2008 World Development 
Indicators                              
(http://go.worldbank.org/U0FSM7AQ40) 

 
US dollars  
( x 105)  in 
current 
prices ? 

TELREVG 
Telecommunications revenue 
(% GDP) 

The World Bank Group/World Development 
Indicators online 

% (GDP) 
ratio + 

 

FIOSAGDP and FIOSUMGDP are openness indices that represent the extent to 

which an economy is open to international trade in terms of foreign direct inflows and 

outflows. Both of these values are estimated from data from the UNCTAD Statistical 

Data Bases and the World Development Indicators. 

FIOSAGDP accounts for the ratio of the sum of the absolute values of the FDI 

inflows stock and FDI outflows stock, by GDP. The FIOSAGDP openness index is 

not quite clear concerning whether it positively or negatively affects corporate tax 

revenues. For example, large values of this ratio might be due to either high FDI 

inflows (which are positive for the CTR) or high FDI outflows. This ambiguity 

complicates the analysis because, although FDI outflows could contribute to an 

increase in multinational companies’ share of corporate profits in their home country, 
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it is not quite clear if, and to what degree, they contribute to an increase in corporate 

tax revenues in the home country because dividends and distributed profits of 

affiliated companies are taxed basically in the source county39. At first glance, FDI 

outflows are related negatively to corporate tax revenues because, whereas 

contributions to corporate revenues increase in the home country, they narrow down 

the country’s corporate revenues basis. For the reasons above, we also test a second 

openness variable, FIOSUMGDP. 

FIOSUMGDP, accounts for the ratio of the algebraic sum comprised of the FDI 

inflows stock with the FDI outflows stock, by the GDP and actually, shows in a GDP 

ratio whether a country is an FDI host or source country. In cases that FDI inflows 

stock exceeds outflows stock and the ratio is large, is expected to assert a highly 

positive impact on the corporate tax revenues.40  

The GDP per capita growth rate (GDPPCGR)  is calculated from the first difference 

of the logs of GDP per capita values (DlnGDPpc). The GDP per capita is in US 

dollars, in current prices, and is taken from The World Bank/World Development 

Indicators Data and Statistics. It is expected to positively affect the corporate tax 

revenues through broadening the corporate tax base (see Figures A.5 & A.6). 

TELREVG, is the Telecommunications percentage revenue ratio by GDP (% GDP) 

and, shows the percentage of GDP that comes from the revenues in the 

telecommunications sector. Data for TELREVG are taken from The World Bank 

Group/World Development Indicators. This variable captures an infrastructure effect 

in the view of telecommunications advances in production. A high ratio illustrates a 

high penetration of telecommunication, and possibly technology advances, in 

production. Such a situation could develop in countries with a higher level of 

development and infrastructures that favour incorporating entrepreneurship. 

 

 

 
                                                 
39 The existence of a tax credit or a tax exemption bilateral treaty and the role that is believed to have 

in the realization of direct investments, will be discussed in the following section of the study. 
40 A negative effect is expected in cases that FDI outflows exceed the FDI inflows.  
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               TABLE 3.3: Im, Pesaran and Shin W-stat (unit root tests) 

  VARIABLES 

Stationarity  

in levels                        

(individual 

intercept) 

Stationarity  in 

levels                                

(individual 

intercept& trend) 

Stationarity  in 

first differences 

(individual 

intercept)  

 DLNGDPPC √     

 GDPPC   √  

 CTR  √    

 CTRGDP √    

 EATR   √   

 EATRSQ   √   

 STR √     

 STRSQ √     

 FDI   √    

 GCFSGDP √     

 GFCFR √     

 GFCFSGDP √     

 EMPLPC   √   

 USENRPOP √     

 LABFOR   √   

 CPI   √   

 FIOSAGDP   √   

 FIOSUMGDP   √   

 GDPPC   √   

 TELREVG     √   

 √ : Stationarity     

 
 
 
 
 
 
 
 
 
 
 
 
 
 



122                                                                                                               Part II: Real Economy Effects 
   

Ph.D Thesis by Anastasios Saraidaris 

3.5 Regression Results 
 
First, to calibrate the dependence of CTR on EATR and FDI, we obtained tax revenue 

CTR, EATR and FDI inflow data for countries in our sample for the years 1982-2005. 

Following the empirical literature “in favour of” the Laffer curve, we tested a 

parabolic corporate tax revenue reaction curve as a function of the EATR and the FDI 

inflow. The inclusion of a squared term is attempted to capture nonlinearities that are 

likely to arise due to the corporate tax base responses to changes in corporate tax 

rates. The variables FDI was included to capture the effect of firms’ mobility on the 

tax base changes and the subsequent effect on corporate tax revenues.  

 
 
We then tested theoretical models (3.1) & (3.2) and several variations of them (e.g. by 

including EATR and STR raised to higher powers) and then, proceeded with the 

selection of  the robust ones. The specification tests involved; pooled OLS, Fixed 

Effects and Random Effects Panel models. In a departure from the relevant empirical 

literature, in the tests included in Tables 3.4-3.7, we allowed EATRSQ to vary among 

competing economies. In that way we consider for the heterogeneity across the 

countries in our sample, which, in the relevant literature, is said to be captured in the 

concavity of the corporate tax revenue curve which, is typically attributed to 

economy-specific characteristics e.g. economy size and market openness. Because 

countries are assumed to act selfishly during tax competition, it makes sense to 

consider for their “own” objective functions, as opposed to aggregating their 

behaviour with an “average” criterion. In our models, this country-specific effect is 

captured in coefficients 2 jt
c .  

 

{ TABLE 3.4 here: Baseline Corporate Tax Revenue Panel Models with EATR and 

STR as Tax Determinants} 

Table 3.4 includes tests for the estimation of a robust baseline corporate tax revenues 

model with the use of EATR, STR (in level and squared values) and FDI inflows as 

the main corporate tax revenues’ determinants. Actually, the empirical process starts 

following the strand of literature according to which, the tax rates determine 

corporate tax revenues either through a monotonic long run relationship or with a 

static Laffer revenue curve. It is true that in literature (see section 3.2), EATR is 
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suggested to be an ultimate corporate tax variable since, it captures changes in the 

corporate tax base caused from changes in the corporate tax law (e.g. tax allowances, 

tax credits,  etc.)  additionally to the nominal (statutory) tax rates changes. In 

regression 1, by using a minimum set of variables that are found to be significant in 

the field literature e.g. this of the EATR in levels, FDI inflows and GDPPC, we find 

that EATR is a statistically significant variable that affects positively the CTR. That 

means, if EATR increases by 1% the CTR increases by 2.9%. In regressions 2 and 3 

we explore the Laffer curve theory and, we notice that, the regression 1 improves 

when, EATR are included additionally in the second power to capture the inverted U 

shape of the tax revenues’ curve. In regression 2 where the term GDPPC is excluded 

the model decreases in determining power. The above obviously explains the 

situation where, in higher tax rates-in a diminishing rate of returns concept-corporate 

tax revenues decline possibly due to a narrowing down of the corporate income tax 

basis. Additionally, it is noteworthy that, in the regression 3 the determining power 

increases to 0.54 (form 0.46 in the regression 1). When we advance analysis a step 

further in order to consider for the countries’ heterogeneity in the model’s 3 constant 

term, we explore the Fixed and Random effects variations of it. We notice that tax 

rates became insignificant and for that reason, these models are inefficient in 

capturing the countries’ heterogeneity in the nonlinearity context of regression 3. 

In the regressions 4 and 5- seemingly with the regressions 1 and 3 - we test for the 

STR effect on CTR and, we arrive at evidences similar to the regressions 1 and 3, 

thought in regression 5 the STR accounts evidently for a steeper CTR curve. 

Furthermore, when we attempt to account for countries’ heterogeneity, the latter 

being expressed in Fixed and Random effects alterations of the regression 5, we find 

insignificant tax variables. 

Summarizing the findings in Table 3.4, we select the regressions 3 and 5 as the most 

representative baseline CTR nonlinear models in a first step empirical tax effect 

analysis. Continuing in regressions of Tables 3.5, 3.6 & 3.7, we test the CTR-EATR 

and CTR-STR curve models adding appropriate variables to capture the physical and 

human capital factors’ effect. Such variables are used in field empirical studies to 

account for the broadening or narrowing down of the corporate taxable income basis 

induced by factors that affect the production process. 
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Figure 3.2: Corporate Income Tax Revenue maximization and TR - FDI   
                    Trade off Conditions 

 
 
 

Figure 3.2  is a double graphical representation of  the CTR relationship with TR  (TR 

represents either EATR or STR) and FDI inflows (Equation 3.2). It describes two 

alternative hypothetical scenarios: 

1st scenario: 

The EATR (or STR) is set to  the EATR max value, where  corporate income tax 

revenues take the value of  CTRΑ (see Figure 3.2a). When the FDI  takes the value of 

FDI B  (see Figure 3.2b), increases the existing amount of corporate income tax 

revenues by CTRΒ (by broadening the existing corporate tax base). Thus, the total 

corporate income tax revenue values now becomes CTRA΄. 

2nd scenario (The two extreme cases:  a. & b.): 

Describes the trade off between TR and FDI inflows in the two extreme cases A΄&B΄. 

 a. We assume that corporate income tax revenues come restrictively from domestic 

businesses. EATR (or STR) equals EATR max (or STR max) that corresponds to 

the corporate income maximization value i.e., CTR A΄ (see Figure 3.2a).  

 b. We assume that corporate income tax revenues come restrictively from the FDI 

inflows (the corporate tax base is constituted only by foreign direct investments, 

which are taxed at very low EATR). Here the corporate income tax revenues take 

0 TR max  FDI B΄  FDI B 
 

Β 

Β΄ 
A 

Α΄ 

CTR Β 

TR 

CTR 

FDI 

 
                CTR Α 

    CTR B΄   =   CTR Α΄ 
 

a. b. 

                Figure 3.2b:The CTR- FDI inflows relationship                                 Figure 3.2a: The CTR-TR relationship                                                     



Chapter 3: Corporate Income Tax Revenues and Corporate Income Tax Rates         125     
 

 

Ph.D Thesis by Anastasios Saraidaris 

the value of CTR B΄ which corresponds to a very high value (FDIA΄) of the FDI 

inflows and equals the CTR A (see Figure 3.2b).  

 
{ TABLE 3.5 here: Baseline Corporate Tax Revenue-EATR Curve Panel Models   

with  Capital and Human variables} 

In Table 3.5 (see Figure 3.2 above), we test further the robust baseline model 3 in 

Table 3.4 by including additional variables to encompass  the physical and human 

capital factors’ effect. Hence, in regression 1 we use the variable GFCFR in OLS, 

Fixed and Random effects alterations of the baseline model and we notice that, 

GFCFR is positively related to the CTR. When we consider for the heterogeneity 

effect in the constant term in Fixed and Random effects variations of regression 1, we 

come across again insignificant tax variables. In regression 2 we replace the physical 

capital variable with the human capital one (EMPLPC) and, we end up to a similar 

with  regression 1 results, i.e., EMPLPC is a statistically significant determinant of 

CTR. Comparatively to the regression 1, the employment factor (EMPLPC) seems to 

affect in a more evident way the CTR than, the capital factor (GFCFR). Similarly 

with regression 1, no heterogeneity across the examined countries can be revealed 

with the Fixed and Random effects variations of the OLS regression 2. Next, in 

regressions from 3 to 7 we test alternative combinations of the physical and human 

capital factors in the baseline model 3 (Table 3.4). Therefore, we let the physical 

capital variable change from GFCFR in regressions 3, 4&5 to GCFSGDP and 

GFCFSGDP in regressions 6&7. Also, human capital variables change form 

employment (EMPLPC) in regressions 2,3,6&7 to labour force (LABFOR) and school 

enrolment ratios (USENRPOP) in regressions 4 & 5 respectively. With the exception 

of the USENRPOP variable that seems to lack significance and interpretation power 

(probably the three initial years of USENRPOP missing data is responsible for that), 

in all other combinations of physical and human capital variables, the robust baseline 

regression 3 in Table 3.4 does not change neither as regards to the signs nor, to the 

statistical significance and the elasticities of the tax rates and the FDI variables. Also, 

the determining power of the OLS regressions in Table 3.5 stays still at a level 

between 0.476 and 0.487. This finding is important since, documents the robustness 

of the baseline CTR-EATR curve model yet after adding the physical and human 

capital control variables in the initial baseline model.  
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{ TABLE 3.6 here: Baseline Corporate Tax Revenue-EATR Curve Panel Models 

with Capital and Human Variables} 

In Table 3.6 we apply the same with the above analysis this time on the CTR-EATR 

curve baseline model 5 in Table 3.4.  

Here as well, with the exception of the USENRPOP variable that clearly lacks 

significance and interpretation power in all alternative combinations of the physical 

and human capital variables, the robust baseline regression 5 of Table 3.4 does not 

change neither as regards to the signs nor, to the statistical significance and the 

elasticities of the tax rate and the FDI variables. Also, the determining power of the 

OLS regressions in Table 3.6 ranges between 0.522 and 0.559 (increased compared to 

STR). 

The results in Table 3.6 in comparison with these of Table 3.5, vary only as to the 

significance of the GFCFR, which  in Table 3.5 seems to represent a superior 

physical capital proxy compared to the two other physical capital proxies (GCFGDP 

& GFCFSGDP). In the regressions of Table 3.6 the GCFGDP & GFCFSGDP seem 

to increase in determining significance compared to the GFCFR  which exhibits 

comparatively lower statistical significance. This finding is important since illustrates 

the robustness of the baseline CTR-STR curve model with the addition of the physical 

and human capital control variables in the initial baseline model.  

{ TABLE 3.7 here: Country-Specific CTR Curve Panel Models & Robustness 

Checks}  

In Table 3.7 we include regression tests for a country-specific extended baseline 

CTR-EATR curve model, and we check robustness with a two stages robustness check 

process. The first stage accounts for the tax rates' endogeneity tests, instrumenting the 

EATR with their lagged values or the STR. At a second stage, we account for the 

models' robustness with the addition of a set of control variables in the selected 

country-specific models. The control variables are proxies of corruption-black 

economy, market openness, magnitude of an economy, and technology (in the form 

of telecommunications) diffusion in production. 
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In more details the regressions analysis in Table 3.7 evolves as follows: first in the 

models from 1 to 5 we extend the EATR baseline models of the Tables 3.4, 3.5 & 3.6 

within a country-specific context aiming to capture the heterogeneity feature in the 

tax variable (EATR squared term) instead of the constant term41. 

In regression 1 we include the EATR as the unique CTR determinant in a reduced 

form regression. It is really remarkable the important rise in the models’ determining 

power when we relax the EATRSQ to vary across the countries of the sample. In 

regression 2 we add the FDI inflows while, in regression 3 we add also the physical 

capital (GFCFR) variable, in regression 4 we replace the physical capital (GFCFR) 

variable with the employment variable (EMPLPC) and in regression 5 we include 

both the physical capital and employment variables in the CTR model specification. 

From a synopsis of the results in regressions 1-5 above, we document a robust 

calibration of the Laffer type CTR curve, because FDI inflows, GFCFR and EMPLPC 

are all statistically significant CTR determinants. Additionally, all country-specific 

regressions–compared to the baseline ones-have increased CTR determining power 

(Adjusted R-squared values vary from 0.723 to 0.805).  

In regressions 1 to 5 there is an evident superiority of the corporate tax rates as 

corporate income tax determinants. It seems that a 1% increase in corporate tax rates 

can induce a greater (occasionally multiple) effect on corporate tax revenues 

compared to other determinant variables. The truth is that, whereas, a tax rate 

adjustment might be a direct, as well as simple policy tool, it is quite risky due to the 

likely side effects that could bring in sharp reductions in public revenues. Actually in 

the long run, these effects is likely to account also for the parabolic shape in the 

studied relationship. Moreover, a second point of concern is that the majority of the 

rest determinant variables (as it will be evidenced in the following sections) are GDP 

growth enhancing. The later is an issue of great policy value since; these factors 

might provoke multilevel positive effects in the long run countries’ economies. 

Consequently, when the policy makers evaluate tax rates against alternative corporate 

tax revenue determinants, they should take into consideration the large scale impact 

                                                 
41 It is accepted that the involved countries’ heterogeneity cannot   be captured by letting the constant 

term vary in  a Fixed or  Random effects CTR modelling framework. 
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that tax revenue determinant variables might also instigate in the long run economic 

growth. 

We notice that when we include the employment variable in the model specification 

(regressions 4&5), the elasticities of the tax variables slightly decrease compared to 

regressions 1-3. 

Also, in regression 6 we test the reduced form country-specific regression 1 

employing STR as a tax variable and, we notice the same (with regression 1)  

behaviour as regards  to the variables’ signs, the statistical significance and the model 

robustness. 

To test further the robustness of regression 2 we apply endogeneity tests (regressions 

7 and 8), instrumenting the EATR variables (in level and squared terms) at first with 

their lagged values and also, with the STR variable. In both cases the model 2 

maintains its tax and FDI variables’ signs and statistical significance while, 

elasticities change towards lower values in the case of the lagged EATR instrumental 

values and, towards higher values in the case of the STR instrumental values. This is 

easily explained from the higher CTR elasticities that STR gives in the first step 

regressions analysis of Tables 3.4 & 3.5. 

In regressions 9 to 13 we consider for an additional set of control variables namely; 

CPI, FIOSAGDP, FIOSUMGDP, GDPPCGR and TELERVG, to apply the 

robustness-two stage checks for the country-specific regression 2. At this stage, we 

notice that only the GDPPCGR lacks statistical significance for the CTR 

determination (regression 12). The corruption perception index (CPI) is found to be 

positive and highly significant (regression 9). The FIOSAGDP –which stands for the 

aggregate sum in absolute values of the FDI inflows and outflows stock by GDP- is a 

negative CTR determinant and also significant at 10% (this might be the case when, 

FDI outflow stocks are greater that the FDI inflow stocks e.g., regression 10). 

Furthermore, the FIOSUMGDP-which stands for the algebraic sum of the FDI 

inflows and outflows stock, by GDP-is a positive CTR determinant and also 

significant at 15% (the higher is  the FDI inflow stock, the broader is the corporate 

income tax basis e.g., regression 11). Last TELERVG, which stands for a 
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telecommunications proxy, is found to be positive and significant at 10% as a CTR 

determinant (regression 13). 

In all cases the signs, elasticities and models’ determining power remain in the initial 

values and evidently, the extended country-specific model 2 (which is tested for 

robustness here) is proved to be noticeably robust and therefore reliable. 

Summing up the findings in Table 3.7, we would say that the small and open 

economies42 (e.g., Portugal, Spain, and Greece) appear to have an increased concavity 

compared to the large-closed economies (e.g., US, Japan, Germany, UK, France, and 

Canada), 

Noticeably, EATR elasticities in this model are in line with the mainstream related 

empirical literature replicating Laffer curve (see Clausing, 2007).  Figure 3.2, shows 

the relationship between CTR and EATR for every country in our sample, considering 

FDI to be fixed and, using data from regression 2 in Table 3.7. In this figure we 

notice an evident replication of the Laffer curve43.  

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

                                                 
40 Economies are categorized as small or large relatively to their population (and/or GDP) size. Also, 

they can be categorized as open or closed relatively to the magnitude of their FDI inflow-outflow 
stock as a proportion of GDP (see Clausing 2007). 

 
43 When we replaced CTR with the CTR sclaled by GDP, tested models lost robustness. This can be 

attributed to peculiarities inherent in the relationship between CTR and GDP (e.g. the CTR-GDP 
ratio might decreases when CTR increases or the opposite), which obviously distracts the study from 
the goal of investigating for the tax rates’ adjustment effect on CTR. The investigation of the likely 
CTR-GDP dynamic causality implications are beyond the scope of this study. For relevant research 
see Karagianni, Pempetzoglou and Saraidaris (2009a, 2009b). 
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Figure 3.3: Corporate Income Tax Revenue Curves for the 12 OECD countries 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Because the optimal (maximising) points and the shape of the curves for each country 

may be slightly altered by the inclusion of additional parameters, we regard Figure 

3.3 with caution (as to the exact CTR optimisation levels) and use it principally for 

comparison purposes among the countries included in the study. However, there is a 

clear trend where revenue curves are generally more or less concave based on the 

country’s individual characteristics. This finding is in line with Clausing (2007)44, 

and apparently extends her findings by discovering that small and open economies45 

(e.g., Portugal, Spain, and Greece) appear to have higher concavity than large-closed 

economies (e.g., US, Japan, Germany, UK, France, and Canada). Baldwin and 

Krugman (2002), discussing the so-called core-periphery tax gap in a different 

framework from this study, also concluded that core industrialised nations tend to 

keep their tax rates relatively high, whereas periphery nations tend to lower theirs. In 

Figure 3.3, we note that, on average, the CTR maximisation EATR values range 

among 25%-30% for the whole set of countries except the US and Japan, where the 

CTR maximisation EATR values range between 55-60%. 

                                                 
44 She concludes on an average revenue maximizing-corporate income tax rate of 33%. 
43 Economies are grouped into small or large ones according to their population size. Additionally, 

economies are distinguished into open or closed ones with respect to the ratio FDI inflow/outflow 

stock to GDP (see Clausing 2007). 
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3.6 Conclusions and Policy Considerations 

The findings of this chapter document a parabolic relationship between corporate tax 

rates and corporate tax revenues. This relationship has been calibrated using both 

effective average tax rates and statutory tax rates as tax determinants. We also find 

that FDI inflows are, in all tested models, positive and significantly correlated to 

corporate tax revenues. When we explore countries’ heterogeneity in the models’ 

constant terms, the estimation of the fixed and random effects' alterations of the 

baseline parabolic model fail to produce robust country-specific corporate tax revenue 

models. Surprisingly, when we let the tax-rate variable (accounting for the parabolic 

relationship) vary across the countries of the study, we get robust country-specific 

extensions of the baseline corporate tax revenue model. We find that small and open 

economies such as those of Portugal, Spain, and Greece appear to have higher 

concavity than large and less open ones such as the US, Japan, Germany, the UK, 

France, and Canada. On average, the EATR level at which we find corporate tax 

revenue optimisation for the first group of countries ranges from 25% to 30%, 

whereas for the second group of countries, we find corporate tax revenue optimisation 

when EATR values are set from 30% to 60%. These findings are in line with those in 

Clausing (2007) but extend them considerably towards a novel direction where the 

country-specific effects control for more tax-influential factors in corporate tax 

revenue regression. The findings are also in line with those of Baldwin and Krugman 

(2002), offering empirical justifications of the so-called core-periphery tax gap, 

according to which the core industrialised nations tend to keep their tax rates 

relatively high while periphery nations tend to lower theirs.  

This study’s findings in a sense offer evidences against the claim that ‘there is no 

systematic relationship between tax rates and revenues across OECD countries’  as 

posed by Devereux (2006) in his  study of the relationship between the average 

statutory corporation tax rate and the average ratio of corporation tax revenues to 

GDP.  In this study the author concluded that:  ‘differences across countries; it may 

be the case, that there is a non-linear relationship within each country,…the 

relationship varies across countries, and so is not captured in a panel regression. 

Further work is needed to investigate these and other possibilities in more detail’. 

Obviously, this study contributes to answering some of the queries posed above. 
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The findings contribute in giving a clear and robust empirical justification of the 

corporate tax revenues and corporate tax rates parabolic relationship in a country–

specific context. The countries’ heterogeneity might be attributed to factors like 

market openness, magnitude of the economy, effectiveness and enforcement power of 

tax system, infrastructure and law environment for setting up businesses, etc. The 

above are some of the various reasons which obviously differentiate countries as to 

their parabolic corporate tax revenues function. 

The study findings also stress that, whereas setting appropriate tax rates offers an 

effective policy instrument in shaping long-run public revenue strategy, policy 

makers should take into consideration two important issues. The first is that the tax 

effect changes after a certain level of tax rates. The second is that variables such as 

capital formation, employment, infrastructure, business environment (in terms of 

business safety rules, legislation, political stability, and low bureaucracy), market 

openness (in terms of logistics, roads, harbours, airports, and international trade 

language) and, finally, the penetration of technological advances in production, can 

also influence positively public revenues and benefit the country’s economy in the 

long run. Obviously, these factors appear to assert a smaller effect on corporate tax 

revenues in a static relationship framework. This evidence might distract a policy 

maker toward favouring the overuse of tax rates as a preferable fiscal policy tool 

because it is quick and effective. The truth is that there exist also other variables, that 

although appear less effective, definitely merit a special concern because they both 

positively affect tax revenues in the long run and stimulate a country’s economic 

growth (as we can see in the following Chapter 4). Therefore, not only they do serve 

as alternative fiscal policy instruments in the pursuit of tax revenues, but they are also 

particularly important factors for a country’s economy. 

Testing the parabolic country-specific relationship, we find that when considering 

statutory tax rates in place of the tax variables, the variables’ signs, elasticity and the 

models’ robustness do not change. Furthermore, when we control for variables 

relatively to the physical and human capital (e.g., capital formation and employment 

ratios) employed in production, we notice that these are positive and statistically 

significant determinants of corporate income tax revenues. 
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In a later part of the study, when we check robustness of the parabolic extended 

baseline  model, we find that, control variables are all  positive determinants (except 

from FIOSAGDP) of corporate tax revenues though, only the corruption perception 

index seems to be statistically significant. Noticeably, openness features is tested with 

two alternative ratios, these of the absolute values of the sum of inflows-outflows and 

also, the algebraic values of the sum. What we get is, whereas openness is a positive 

determinant for the corporate tax revenues in the case that FDI inflows stock exceed 

the FDI outflows stock, it affects negatively corporate tax revenues when we consider 

openness to be the sum of the FDI absolute inflows and outflows stock values46. 

These findings include a two-dimensional policy consideration. First, considering the 

effect of tax rates on corporate tax revenues, we emphasise that small open 

economies, to become competitive in the world tax competition47, should consider not 

simply lowering their tax rates but also, for other variables controlling their economy. 

Second, the heterogeneity in country-specific, parabolic, corporate income tax 

revenue curves means that in closed economic unions (or trade unions) such as the 

European Union, the scenario of the corporate income-tax rates racing to bottom, 

which has been extensively debated in the last decades’ tax policy agendas in the EU,  

is probably not realistic. Therefore, there is no need for a centrally designed and 

uniformly applied corporate income tax policy. On the contrary, such policy decisions 

should remain the individual countries’ concerns, according to their needs, demands 

and peculiar characteristics. For example, whereas a country might choose to broaden 

its corporate income-tax base by lowering the tax rates, another country might reach 

the same goal by investing in infrastructure, market openness, or information 

technology. 

Last, the quantitative evaluation of alternative tax-policy scenarios for countries 

which strive to optimise their position in a pursuit of the world investing capital will 

be discussed in the final part of the study (Chapter 6).  

3.7 Tables in Chapter 3 

 
                                                 
46 Perhaps this is the reason that openness (proxied as the ratio of the sum in absolute values of imports 

and exports by GDP, is found to be insignificant as CTR determinant in Clausing, 2007). 
47 See, Nicodème (2007) for an extended literature review on tax competition. 
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CHAPTER 4  

Corporate Income Taxation and Economic Growth 
 
 

4.1 Introduction  
 

In this Chapter we investigate empirically the theoretical relationship among the 

corporate income taxes and GDP growth. Economic growth will be the second agent 

of concern in our tax policy experimental framework as regards to the corporate tax 

rates’ changes effects. A likely revealing of a robust corporate tax revenues (CTR)-

GDP growth relationship-depending on its form-it could eventually provide our tax 

competition model with either an alternative objective function or with a constraint 

function to the corporate income tax revenues optimization problem. 

 

Undoubtedly, when the policy makers adjust a country’s corporate taxes to increase 

the tax revenues or, its FDI competitiveness, they are anxious about likely 

consequences on the country’s economic growth. 

 

In this study we investigate the economic growth-corporate taxes relationship for a 

group of 12 OECD countries over the period 1982-2005 using effective average tax 

rates (in brief EATR) as a corporate tax variable. As in Chapter 3, the countries 

examined here are: Canada, France, Germany, Greece, Italy, Japan, Netherlands, 

Portugal, Spain, Sweden, UK and US. 

 

In details, we will attempt an investigation of the above relationship through the 

evaluation of a variety of static panel models within a linear and, if needed, a 

nonlinear framework. Although the empirical findings indicate no explicit 

relationship between GDP growth and EATR, they illustrate a statistically significant 

static-linear relationship between GDP growth and CTR. The study will focus on the 

empirical calibration of the discussed relationship, bringing to light the informative 

value of individual countries’ features on that. Additionally, in the view that EATR- 

in the Laffer curve empirical context of Chapter 3- could account for a corporate tax 
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revenue proxy, the study offers evidence for the nonlinear long-run theoretical 

relationship between economic growth and corporate tax rates. Both the EATR and 

the corporate tax revenues are selected as public income variables that could 

determine GDP as income (demand side), as opposed to the mainstream field studies 

where GDP is being determined as expenditure (supply side), where the tax rates are 

considered to be public spending proxies.  

 

To provide more detail about the study’s structure, we would say that, in the first 

stage of the study, we test the standard OLS, Fixed and Random effects panel models 

to account for the effect inferred in the literature of tax on economic growth within an 

endogenous growth framework. The GDP will be viewed from its income side i.e., in 

a demand side economics context. The study departs from the common work path in 

the field empirical literature; of a balanced government budget with public spending 

being financed restrictively by tax revenues. In reality, governments at a large extend 

schedule their growth enhancing plans on deficit budgets and cover a large part of 

their public spending needs with loan capitals. As expected, in such a framework the 

public spending increases (in short run) the GDP since, it increases the public 

consumption and public investment. On the other hand, we need also to consider the 

long-term consequences of a deficit budget-based economic growth.  Apparently, a 

GDP growth stimulating process based on levied taxes on a demand side economics 

framework becomes a rather different puzzle as compared to an economic growth 

enhancing plan based on loan capitals. For the needs of this study, we will focus on 

the tax rates as being the policy tool for a government to levy taxes and stimulate 

economic growth in a demand side economics context. 

 

This study is heavily influenced by the endogenous growth theory and its theoretical 

considerations relatively to an existing nonlinear reaction function of GDP growth to 

changes of the tax rates. The peculiar-and in principal undocumented in the field 

empirical literature- nature of this relationship is said to account for the inefficiency 

of the linear models employed in empirical studies of this nexus. In addition, essential 

factors that also merit a special concern are these of; selecting the appropriate tax 

variables for the empirical modelling process, as well as, the appropriate aggregating 

of the data for the examined countries that actually correspond to a mixture of 

economic, cultural and political backgrounds. 
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As it is known from the relative empirical literature, corporate taxes (and value added 

taxes as well)  are found to be correlated with economic growth, whereas, there are 

not sufficient empirical findings for growth effects related to other types of  

disaggregated taxes (e.g. personal income taxes, land and property taxes, etc). In this 

Chapter hence, we investigate for nonlinearity issues in the relationship between 

corporate taxes and economic growth in a static context.  

We employ EATR as a corporate taxation variable that accounts not only for the 

country specific tax effects but also, for the effect of corporate taxation on the 

investment capital allocation worldwide. We select EATR among a set of alternative 

tax variables (e.g. tax burden ratios, statutory tax rates etc.) since it is believed to be a 

reliable proxy of the true tax burden allocation and is suggested in literature (see 

Devereux et al., 2004) to account effectively for a tax systems’ complexities.  

 

In the view that the first stage regressions analysis do not arrive at a robust models 

estimation, we proceed by replacing EATR with CTR for the tests following in 

Tables 4.5 to 4.7. Specifically, the study within a demand side economics framework, 

investigates the static-nonlinear and the static-linear features in the relationship 

between economic growth and corporate taxes.  

 

At first, in line with the endogenous growth theory, according to which taxes affect 

permanently economic growth we test for the inferred inverted U shape relationship. 

Barro (1990), Armey et al. (1995), Rahn et al. (1996) and Scully (1994, 1996, 2003) 

have discussed the GDP growth-public spending nexus through government spending 

optimization assumptions and a parabolic static relationship (see Chapter 3).  

 

Soon after, we replace EATR with corporate tax revenues and we test for the linear-

long run relationship accounting for the countries’-specific effect (see Section 4.3.3). 

In this part of the study we test for nonlinearity within the framework of the static 

Laffer revenue curve48. 

 

                                                 
48 Clausing  (2007) is the study that documents empirically  a corporate tax revenues Laffer curve in  

OECD countries. 
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4.2 Literature Review 
 

In the GDP growth literature, the Neoclassical and Endogenous growth theories are 

largely concerned with the economic growth-taxes nexus. According to the advocates 

of the neoclassical growth theory, taxes are said to influence temporally the output 

growth in an economy’s transition to successive equilibrium growth paths. They 

believe that, only exogenous forces e.g., technological progress and population’s 

dynamics can result in  a steady-state growth. On the contrary, endogenous growth 

literature documents that only endogenous factors of an economy can lead to a 

steady-state growth. In the endogenous growth literature, taxation constitutes a policy 

tool that a government should employ to influence permanently the country’s steady-

state growth. Thus, tax rates can affect economic growth via stimulating factors of the 

economy like; the capital accumulation, the investments in R&D, etc. 

 

In a synopsis of the empirical literature on the GDP growth-taxes49, we will group 

studies into four categories according to their findings. 

 

In the first category belong these studies that conclude on a negative GDP growth-

taxes relationship. Among the most representative ones we distinguish e.g., King and 

Rebelo (1990), Barro (1991), Plosser (1992), Engen and Skinner (1992), Kormendi 

and Meguire (1995), Wright (1996), Leibfritz et al. (1997), Guseh (1997), Burton 

(1999), Folster and Henrekson (2000), Lee and Gordon (2005), etc. 

 

In the second category, we will find studies documenting either a positive relationship 

or at least a non significant correlation between GDP growth and taxes. Some typical 

studies of this category are e.g., Koester and Kormendi (1989), Aschauer (1990), 

Levine and Renelt (1992), Easterly and Rebelo (1993), Slemrod and Yitzhaki (1995), 

Mendoza et al. (1997), Kelly (1997), Blanchard and Perotti (2002), Kneller et al. 

(1999), etc. 

 

In the third category belong all these studies that are either inconclusive, or they 

conclude on a nonexistent causality between GDP growth and taxation. Remarkable 

                                                 
49 The tax rates in the field literature can occasionally account for public revenues or public spending 

proxies. 
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studies of this field are e.g., Nelson and Singh (1994), Agell et al. (1997), Padovano 

and Galli (2002), Angelopoulos et al. (2007), etc.  

 

Last, in a separate category we distinguish the studies which document optimization 

levels in government spending practises e.g., Barro (1990), Armey (1995), Scully 

(1994, 1996, 2003), Rahn et al. (1996) etc. 

 

At a first glance, in general, empirical studies on the GDP growth and taxes 

relationship are largely inconclusive. A possible cause could related to the 

inappropriateness of the tax indicators, something that led later studies to practice on 

a variety of alternative tax rates like: average tax rates being disaggregated into 

indirect and direct taxes, indirect and direct taxes’ mix ratios, and also, effective 

average and effective marginal tax rates that are lately perceived to offer a more 

efficient measure in investigating the ways that tax incidences affect output dynamics.  

 

Discussing the limitations of economic growth–taxes empirical studies, there are 

plenty of drawbacks related to either the inappropriateness of the variables employed 

or to the methodology applied.  

 

The empirical models used in empirical studies are specification sensitive and 

consequently, the results change along with the various public expenditure proxies 

employed. There is a rather extensive discussion on the appropriateness of the tax 

ratios (e.g. STR, EMTR, EATR, etc.)50 and the appropriate level of tax rates 

aggregation when exploring tax causality on economic growth.    

 

According to Easterly (1995), the tax compliance ratio increases with the level of 

development and therefore, tax revenue becomes a superior tax proxy for the rich 

countries rather than for the poor ones. Moreover, the composition of public 

expenditure differs between rich and poor countries. In addition, Agell et al. (1997) 

conclude that the cross country studies suffer also from specification problems.  

 

                                                 
50 STR stands for statutory tax rates and, EMTR stands for effective marginal tax rates. 
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Discussing on tax variables’ specification problems, we stress the inefficiency issue 

that arises from the strong correlation of average tax rates (when constitute public 

income variables) with public spending as discussed in Engen and Skinner (1992), 

Easterly and Rebelo (1993) and, Barro and Sala-i-Martin (1995). 

Engen and Skinner (1992) and, Easterly and Rebelo (1993) showed that average tax 

rates are inappropriate tax indicators, due to their strong correlation with public 

spending. Since some types of government expenditure- such as public capital and 

education- are growth enhancing (see Barro and Sala-i-Martin, 1995), average tax 

rates may not constitute statistically significant growth determinants, because of the 

disputed controversial and simultaneous effect over growth. In other words, it is 

likely that a negative effect on growth of the levied taxes, to cancel out a positive 

effect of the public expenditures on growth.  

 

Barro (1991) and de la Fuente (1997) follow a different approach in the growth 

literature by examining the fiscal policy effect on growth. In particular, they 

investigate how growth is related to the composition and the level of the public 

sectors’ spending. De la Fuente (1997) shows that if public spending (as a ratio of 

total government expenditure to GDP) increases, growth reduces although the 

increase in public investments boosts growth. 

 

According to Myles (2000), government spending may just be a proxy for the entire 

set of government non-price interventions, including for instance employment 

legislation, health and safety rules and production standards and it may be these, 

instead of the expenditure, that actually reduce growth. Also, it is not clear which 

hypothesis is being tested, since the share of public spending in GDP is closely 

correlated to the average tax rate. Engen and Skinner (1996) propose a ‘bottom-up’ 

method, which calculates individually the effect of taxation on labour supply, 

investment and productivity and then, aggregates to obtain a total measure. They find 

that cuts of  5 % in all marginal tax rates and 2.5% in average tax rates would raise 

the growth rate by 0.22%. Yammarik (2000) empirically tests the role of tax 

distortions in explaining state-level economic growth in the U.S. through the 

estimation of disaggregated tax rates in the form of personal income tax rate, general 

sales and property tax rates. The study concludes that the use of disaggregated 

marginal tax rates could generate predictions more consistent with growth theory than 
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the use of aggregated average tax rates. The empirical study of Padovano and Galli 

(2002) shows that average taxation shows no noticeable growth effects, probably 

because of high correlation with the average fiscal spending and, find that marginal 

tax rates and tax progressivity have a negative impact on economic growth. 

Mamatzakis (2005) using dynamic impulse response analysis in Greek data sets finds 

that, output growth responds negatively to an increase in the tax burden  (this being 

determined as a ratio of total taxes over GDP), whereas there is a positive impact of 

tax mix (given by the ratio of indirect over direct taxes) on output growth. The impact 

of growth on the tax burden and the tax mix follows a cyclical pattern with a lag of 

one year, with a large positive response of the tax mix. The study concludes that 

indirect taxation benefits from high growth rates in the short term.  

  

Distinguishing public expenditure to “productive” and “non-productive”, 

Angelopoulos et al. (2007) build upon Barro (1990) and Baier and Glomm (2001) and 

measure the productive and non-productive components of public sector expenditure 

(as classified by Kneller et al., 1999). The average tax rate is being proxied by the tax 

revenue as a share of GDP and the associated fiscal size of the government is 

measured by total government expenditure as a share of GDP. The study concludes 

that, the average tax rates are significant and negatively correlated with growth, 

labour income tax rates are negatively related to growth; whereas, capital income and 

corporate income tax rates regularly affect growth positively. 

 

In this study we employ the EATR (we test also for the STR) and the CTR to account 

for the tax variables.51 

 

The feature of nonlinearity, which is central in this study, first entered by Grossman 

(1987). The later, commenting on the linear nature of the empirical models, concludes 

that studies using linear models to discuss the nexus, fail to integrate into monotonic 

linear relationships the issue of the mixed (both positive and negative) contribution of 

government spending to economic growth. 

 

                                                 
51 Details on the variables can be found in Section 4.4 and Table 4.2. 
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In theoretical level, a distinguished model discussing nonlinearity in endogenous 

growth theory in the above nexus, is that of Barro (1990). In the same line in 

empirical literature the so-called Rahn curve quantifies the optimal level in 

government spending but departs from disaggregating it according to the type of 

public spending activities. Also, Scully (1994, 1996, 2003) extends empirically the 

theoretical Barro model (1990) revealing a trade-off between economic growth and 

income inequality. 

In the light of the above findings, here we focus on the issue of the implied nonlinear 

nature of economic growth which (like in the case of other macroeconomic variables) 

renders policy practices rather complex and hence inefficient, when these focus on 

the manipulation of macroeconomic factors (Kyrtsou and Labys, 2006). 

Summing up, in this study we attempt to decouple the likely nonlinear nature of the 

GDP growth-corporate taxes relationship in order to account for the inferred, 

simultaneous mixed (positive and negative) tax–economic growth effect. To achieve 

that, we use a group of countries in a static panel data analysis framework, to 

overcome factors like data limitations, business cycles, structural breaks, and other 

peculiarities found in individual countries’ economies (e.g. political/cultural 

characteristics, etc.) and restrict the credibility of the time series models.  

 

The contribution of the present study lies to offering new empirical findings as 

regards to the nature of the economic growth and corporate taxes relationship. The 

study follows an evolutionary, step-by-step process with static panel models’ analysis 

and discusses the relationship accounting for the heterogeneity in the individual 

countries tax characteristics. The investigation of corporate tax effects on economic 

growth, controlling for the country-specific tax effects within a long-term nonlinear 

framework, is to our knowledge unique for the empirical studies of this field. 
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4.3. Theoretical Considerations and Models  

4.3.1 Theoretical considerations in the tax rates-GDP growth relationship 

In this section, we discuss basic theoretical considerations on the dynamic and 

nonlinearity features of the economic growth-tax rates relationship, as these yields 

from the basic AK Cobb-Douglas production function. 

The common AK Cobb-Douglas production function is: 

1−= a a
t t tY AK g ,   gt: public expenditure                         (4.1) 

If Kt denotes the physical and human capital, δ is the physical capital depreciation 

rate, and, It is  the private investment, Kt can be related to its past year values  as 

follows:  

1(1 ) −= − +t t tK K Iδ                                                        (4.2) 

The government revenue Tt  is a portion of the total output Yt: 

1−= = Κ a a
t t t tT rY rA g                                                         (4.3) 

According to Scully (1996)52, in a balanced budget economy we assume: Tt=Gt=rYt 

with two sectors in the economy, the private and the public one. The public sector in 

time tt-1 provides goods 1−tG , which are produced with capital and labour exclusively 

financed out of the taxes collected, 1 1( )− −=t tG rY . The private sector produces private 

goods, 1(1 ) tr Y−−  . Both public and private goods are used to produce national output at 

time t, in a production function of the form: 

     [ ]1 1( ) (1 )
cb

t t tY a G r Y− −= − , b and c are constants and b, c <1   

If we denote as ry the tax rate when national output is being determined as 

expenditure (supply side), the Equation above becomes:  

                                                 
52 For the extended theoretical discussion refer to Scully (1996). 
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1
1 1 1( ) (1 ) ( ) (1 ) ( )    b c c b c b c

t t y t y y tY a G r Y ar r Y− +
− − −== − = −

                (4.4) 

 The economic growth rate is given by the nonlinear equation: 

1
1

1
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If we denote as rT the tax rate that yields the government revenue proportionally to the  

national output, from the Equations (4.4) and (4.5) we derive the government tax 

revenue Tt as: 
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We note that, both Equations (4.4) and (4.5) are concave as to the tax rate r (ry or rT ). 

Thus, when we take logarithms on both sides and differentiate them with respect to 

the r we find that:  
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Consequently, the optimal tax rates are uneven between the supply and demand side 

economies whereas, the static parabolic relationship still exists in both sides of 

economy. The tax rate that maximizes growth (maxyr ) is lower compared to the tax 

rate that maximizes revenues (maxgr ). From the above theoretical evidences we reach 

the conclusion that the tax rate setting policy for a government should be adequately 

modified when considering the supply side of the economy, rather than, the demand 

side of it. Nevertheless, when we move into a dynamic-short term framework, there 

are no empirical findings that there will still exist optimization settings and therefore, 

in this case, a tax optimization policy will not be applicable.  



Chapter 4: Corporate Income Taxation and Economic Growth                                                         153                                                 
   

 
 

Ph.D Thesis by Anastasios Saraidaris 

In the following sections we will investigate the static-nonlinear features in the GDP 

growth responses to the alterations in corporate income taxation, when the GDP is 

determined as income in a supply-side economics context. 

4.3.2 A GDP Growth-Corporate Tax Rates  Model  

Based on the theoretical considerations raised in the previous section, we will discuss 

on the following economic growth- tax rates parabolic model from a demand side 

economics viewpoint: 

0 1 2
2ln ( ) ( ) ( , ) ,  :1,...,12,

(0, )

jtjt jt jt jt jt jt t

t u

D GDPpc EATR EATR f K L X u j

u N

α α α

σ

= + + + + +

∼
                  (4.10) 

The Equation 4.10 actually refers to a “Barro” type output growth-tax rates 

relationship as this is described in Barro (1990). This model discusses on a- not well 

documented in the empirical literature-parabolic relationship between the corporate 

income tax rates (in the form of EATR) and economic growth.  

This is the first step of a two-steps empirical investigation process that discusses on 

the Equations 4.10 and 4.11. Therefore, while this section sets the parabolic feature in 

this relationship, the following section discusses the linear feature in the relationship 

between corporate income tax revenues and GDP growth which, by the GDP 

definition, should be a valid one. Actually, in the case there is found a robust 

empirical justification of the Equation 4.11 then, provided the empirical calibration of 

the Equation 3.2 in Chapter 3, we will have an implicit verification of the GDP 

growth-corporate tax rates theoretical relationship,  in a two-steps empirical modeling 

process. Below follows a description of the variables included in the Equation 4.10. 

The variable jtGDPpc denotes the GDP per capita growth in a static-parabolic 

corporate tax revenues curve, considering the GDP as income. Subsequently, the 

corporate tax rates and corporate tax revenues, among other variables like; gross 

operating surplus, corporate operating surplus, corporate value added and, taxes less 

subsidies on production and imports are anticipated to affect the GDP growth. 
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The variable EATR stands for a corporate income tax revenues proxy. Alternative 

proxies to the corporate income tax revenues could be the gross operating surplus, the 

corporate profit rate (=corporate operating surplus/corporate value added), the 

corporate share of economy (=corporate operating surplus/GDP), etc. 

The factor Kjt   stands for the physical capital stock. Determinants of the Kt could be 

data related to gross operating surplus, the gross value added, the gross capital 

formation, etc. 

The ratio  Kjt/Kjt -1   denotes  the physical capital accumulation rate.  

The factor jtL  represents the human capital (employment). Determinants of the jtL  

could be: data related to employees’ compensation, employment, labor force, upper 

secondary school enrolment, etc. 

The ratio  jtL / jtL -1: corresponds to  the human capital accumulation rate. 

The factor Xt represents the control vector including the corruption perception index 

(CPI), country openness indexes (OPEN), the GDP per capita (GDPPC) and 

technology-telecommunications indexes (TELTOTL & TELREVG). 

Finally, the coefficient a2jt   in the Equation 4.10 is set to vary across the countries of 

the study. The results of the empirical investigation of Equation 4.10, are summarized 

in the (Table 4.4). 

4.3.3 A GDP Growth-Corporate Income Tax Revenues Model   

Determining the GDP as income in a demand side economics context, we can 

practically assume that the GDP growth can be described by the following equation:  

0 1ln ( ) ( , ) ,  :1,...,12,

(0, )

jt tjt jt jt jt jt

t u

D GDPpc a a CTR f K L X u j

u N σ

= + + + +

∼
            (4.11) 

The Equation 4.11 hence, illustrates a static linear GDP growth- CTR relationship. 

Assuming that the CTR accounts for an EATR proxy (in a Laffer curve framework), in 

case a robust relationship is calibrated, we will have an indirect replication (for the 

corporate sector) of the parabolic theoretical relationship described in the GDP 
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growth-tax rates theoretical model in Barro (1990). In the present study, CTR is 

considered to be a public income proxy. In the Equation 4.11 the coefficient a1jt  is set 

to vary across the countries of the study. The results of the above empirical 

investigation are summarized in the Tables 4.5, 4.6 & 4.7. 

4.4 Variables and Data  

We investigate the corporate income taxes and GDP growth relationship in a group of 

12 OECD countries, for the period 1982-2005. We employ data for variables that 

account for corporate income taxes, physical capital formation, employment, 

enrolment in education, corruption, market openness, telecommunication, etc. The 

variables employed in the empirical modelling process, are either by definition GDP 

constituent parts or they came from the theoretical AK Cobb-Douglas production 

function. In this study we use the variables: DlnGDPpc, CTR, EATR, EATRSQ, STR, 

STRSQ,  GFCFR, GFCFSGDP, GCFSGDP, EMPLPC, USENRPOP, LABFOR, CPI, 

OPEN, D_OPEN, GDPpc, TELTOTL and D_TELREVG.  Details on the data 

statistics, definition of the symbols above, as well as, more information related to the 

data sources, units and expected signs of the GDP growth effect can be found in 

Table 4.1 and Table 4.2.  The countries of the study are Canada, France, Germany, 

Greece, Italy, Japan, Netherlands, Portugal, Spain, Sweden, UK and US, which on 

aggregate basis account for more than 70% of the worlds’ total GDP in the year 2005. 

The examined countries refer to various economic, businesses, political and cultural 

backgrounds. In this study a special consideration is given to bringing to light the 

individual countries’ behaviour in the GDP growth model. This is attempted by 

letting tax variables (namely; the corporate tax revenues and EATR) vary across the 

countries of the study. Below follows a more detailed discussion of the data and 

variables’ characteristics: 

The endogenous variable is the GDP per capita growth rate which is calculated from 

the first difference of the logs of the GDP per capita values (DlnGDPpc). The GDP 

per capita is in US dollars, in current prices and, is taken from The World Bank/World 

Development Indicators Data and Statistics. Generally, while the average GDP per 

capita for the countries studied raises gradually during the examined period, the 

average GDP per capita growth rate fluctuates with a median rate of 2.18%. Spain 
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and Portugal are the countries that exhibit the higher mean values of GDP growth 

rates (2.49% and 2.40% respectively) while Italy has the lower mean value (1.63%) 

for the period studied (see the average values graph in Figure A.5). DlnGDPpc is 

used in the panel models estimation process in level prices since in the  Im, Pesaran 

and Shin W-stat unit  root tests is found to be stationary in levels with individual 

intercept (see Table 4.10 and Table 2.A.2)53. 

The CTR and the EATR are selected as the main corporate income tax variables. In 

the recent empirical literature (e.g. Clausing, 2007), are correlated and exhibit a 

parabolic relationship. The country with the higher mean value of corporate income 

tax revenues is the US while, the one with the lower mean value is Portugal. The 

average corporate income tax revenues for the group of the 12 OECD countries is 

raising during the examined period (see Figure A.1&A.2 in Appendices). The CTR  is 

in US dollars in current prices and come from the OECD Revenue and National 

Accounts Databases. As regards to the EATR values, the country with the mean 

higher value is Japan with 39 %, whereas the UK has the minimum mean EATR of 

25.7%. The EATR values are in levels. In more details the average EATR for the 

group of countries studied is gradually decreasing during the examined period. The 

EATR have being calculated by Devereux and Griffith (2003)54  as a weighted 

average of an Effective Marginal Tax Rate and an adjusted Statutory Tax Rate. In 

more details, the EATR shows the distribution of effective tax rates for an investment 

project over a range of profitability. For calculation purposes of countries’ EATR 

values in  the updated by A. Kleem (in 2005) data set provided by the Institute of 

Fiscal studies in the document “tablesIFS.xls”, have been made specific assumptions, 

e.g. investment is considered only for plant and machinery financed by equity or 

retained earnings, taxation at shareholder level is not included, is assumed a rate of 

economic rent at 10% (i.e., a financial rate of return of 20%), is assumed also; a real 

discount rate of 10%, an inflation rate of 3.5%, and a depreciation rate of 12.25%.55  

 

We expect a positively affected GDP growth by a raise in the corporate tax revenues 

because, the more are the revenues from corporate taxes, the more should be the gross 

                                                 
53 A summary of  the stationary tests is found in Table 4.1  and in detailed Table 2.A.2 in Appendices. 
54 The precise formula applied is found in  Devereux and Griffith (2003).  
55 Refer to: http://www.ifs.org.uk/publications.php?publication_id=3210. In the present study we use 

EATR calculations from the  “base case” scenario. 
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operating surplus and the gross mixed income in corporate sector56 and hence by 

definition the GDP. As regards to the expected sign of the EATR effect, it is 

ambiguous because, in the Laffer effect literature57  is said that at lower values is 

positive and, becomes negative after a certain level. The inferred shifting sign of this 

effect drives the research to the investigation of a parabolic relationship which is 

actually considered with the addition of the term EATRSQ (Table 4.4). This is 

actually attempted both directly (Table 4.4) and also indirectly, by employing the 

CTR variable in the place of EATR (Table 4.7). 

 

In addition to the above corporate tax variables, we instrument the CTR with the sum 

of statutory corporate tax rates (STR and STRSQ). The data are also taken from the 

updated by A. Kleem data set provided by the Institute of Fiscal studies in the 

document “tablesIFS.xls”. STR is selected as an additional tax variable that is not 

obviously effective from the point of view that, it can not account for the taxable 

corporate income changes (see Figure A.3 in Appendices). 

 

Discussing the stationarity issue in above data series, the CTR is used in the panel 

models  estimation process in level prices since in the  Im, Pesaran and Shin W-stat 

unit root tests is found to be stationary in levels with individual intercept & trend (see 

Table 4.3 and Figure A.1). EATR, EATRSQ, STR and STRSQ   are used in the panel 

models specification tests in first differences since, in the Im, Pesaran and Shin W-

stat unit root tests they become stationary in first differences with individual 

intercept. 

 

Below we will discuss for the variables that are employed to account for the physical 

capital accumulation factor. The variable GFCFR, stands the Total Gross Fixed 

Capital Formation Rate (percentage ratio). Data on the GFCF comes from  the OECD 

stats databases. GFCF measures the rate of a change for governments’ acquisitions 

of new or existing fixed assets, in the business (without unincorporated enterprises) 

and household sectors, when we exclude the disposals of fixed assets. The variable 

GFCF also accounts for the amount of the new value-added invested in the economy. 

                                                 
56 They are both GDP constituents when, the GDP is defined as income. 
57 See Clausing (2007), Brill and Hasett (2007), etc. 
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Consequently, it is expected to affect positively the GDP per capita growth rate. In 

the panel models estimation process is used in level prices since in the  Im, Pesaran 

and Shin W-stat unit root tests, is found to be stationary in levels with individual 

intercept & trend .  

 

The variable GFCFSGDP is used as a proxy of the physical capital accumulation-

relatively to the GDP- effect. The GFCFSGDP stands for Total Gross Fixed Capital 

Formation Stock by GDP, and is the ratio of Total Gross Fixed Capital Formation 

Stock and GDP. The data for the Total Gross Fixed Capital Formation Stock 

(GFCFS) are taken from the OECD stats databases and represent the stock measured 

by the sum of the total value of a producer’s acquisitions, less disposals, of fixed 

assets during the accounting period, plus certain additions to the value of non-

produced assets (such as subsoil assets or major improvements in the quantity, quality 

or productivity of land) realised by the productive activity of institutional units58. The 

GFCFS is also expected to affect positively the GDP per capita growth rate because; 

it increases with an increase of GFCF relatively to the GDP. The above are also valid 

for the case of the variable GFCFSGDP. In the panel models estimation process 

GFCFSGDP  is used in level prices since in the  Im, Pesaran and Shin W-stat UNIT 

root tests is found to become  stationary in levels with individual intercept & trend.  

 

The variable GCFSGDP stands for Total Gross Capital Formation Stock and as above 

is taken from the OECD stats databases. For the same reasons as above, the 

GCFSGDP is expected to affect positively the GDP growth rate and in the panel 

models estimation process is used in level prices.  

 

Bellow we discuss for the variables that account for the human capital factor, e.g. 

Labour force, Employment, Enrolment in upper school education. The variable 

EMPLPC represents the ratio of the total population being employed in a country. 

Data on EMPLPC are taken from the OECD: Population and labour force statistics 

database.  EMPLPC  is expected to affect positively GDP growth because, the higher 

is the employment the higher is the production, the consumption and consequently the 

GDP. The country with the higher mean employment for the period studied is Japan 

                                                 
58 For data details refer to OECD stats databases. 
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with 50% while, the country with the lower mean employment is Spain with 34 % 

(see Figure A.8). EMPLPC in the panel models specification tests is employed in first 

differences because, in the Im, Pesaran and Shin W-stat unit  root tests becomes 

stationary in first differences with individual intercept.  

The variable LABFOR stands for the labor Force. Actually, denotes the percentage 

ratio of the employed population who fulfil the requirements to work. Data comes 

from the OECD, Annual National Account-Population and Employment data base. 

We expect a positive influence of LABFOR onto the GDP growth because, the higher 

is the labour force, the higher is the production and consumption (and therefore the 

GDP). The country with the higher mean labour force for the period studied is Japan 

with 51.7% while the country with the lower mean labour force is Greece with 

40.2%. The variable LABFOR is employed in the models specification tests in first 

differences because, in the Im, Pesaran and Shin W-stat unit root tests, becomes 

stationary in first differences with individual intercept.  

 

The variable USENRPOP is a common in relevant literature proxy for the human 

capital formation of the AK Cobb-Douglas production function. Actually, represents 

the population percentage ratio of students enrolled in upper secondary education. 

The OECD stats databases59 is the data source for USENRPOP. The country with the 

higher mean USENRPOP  values for the period studied is UK with 9.6% while, the 

country with the lower mean USENRPOP value is Germany with 3.5%. Like the 

former human capital proxies, it is expected to affect positively the GDP growth 

because the higher is the ratio, the higher is the boost to the production through 

knowledge advances. USENRPOP is used in the panel models  estimation process in 

level prices because, in the  Im, Pesaran and Shin W-stat unit root tests becomes 

stationary in levels with individual intercept .  

 

 

 

 

                                                 
59 The enrolment values for the years 1982, 1983 and 1984 are missing. 
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TABLE 4.1: Summary Statistics  

 n  Mean  Maximum  Minimum  Std. Dev.

DlnGDPpc 288 1.963 5.067 -2.083 1.788

CTR 280 0.492 0.702 0.309 0.116

CTRGDP 280 1.881 2.579 1.299 0.380

EATR 288 0.307 0.375 0.244 0.045

EATRSQ 288 0.099 0.146 0.061 0.029

GFCFR 288 -0.003 0.010 -0.012 0.005

GFCFSGDP 288 0.274 0.560 0.187 0.102

GCFSGDP 288 0.280 0.560 0.189 0.099

EMPLPC 287 0.428 0.466 0.390 0.025

LABFOR 287 0.469 0.497 0.442 0.017

USENRPOP 228 0.048 0.057 0.041 0.006

CPI 240 7.181 7.849 6.294 0.499

OPEN 288 54.321 67.080 44.879 6.710

TELTOTL 282 78.337 144.872 38.838 38.165

TELREVG 283 2.113 3.462 1.575 0.552

GDPPC 288 20,735 32,642 9,171 5,923

 
 

Below follows a discussion on a set of control variables; GDPpc, CPI, OPEN, 

D_OPEN, TELTOTL and D_TELREVG that are additionally employed to control for 

the factors of economy size, corruption/black economy, market openness, and 

telecommunication advances in the studied GDP growth models.  

The variable GDPPC accounts for the country’s economy size and come from The 

World Bank (2008 World Development Indicators). It is employed in US dollars and 

in current prices. It is expected to affect (probably) negatively the GDP growth rate 

because, the higher is the level of GDP, the slower is expected to be the rate of GDP 

growth. The empirical evidences show that the higher rates of GDP growth are met in 

developing countries rather than in the developed ones (see Figure A.6).  

The Corruption Perception Index (CPI) is an index scaled from one to ten which 

accounts for the degree to which corruption is perceived to exist among public 

officials and politicians. The higher is the CPI , the less corrupted is perceived to be 

the country’s public sector. The data comes from the Internet Centre for Corruption 

Research. The corruption according to “The Transparency International 
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Organization”-which is a global civil society organisation against corruption- is 

defined as: “the abuse of entrusted power for private gain”. Additionally, CPI could 

account for a perception index of a country’s black economy under the view of the 

well disputed link between the corrupted public officials and politicians and the black 

economy. CPI is expected to affect negatively a country’s GDP because, the greater 

is the black economy, the lesser is the country’s registered GDP. 

TABLE 4.2:  Data on Variables  

VARIABLES DEFINITON DATA SOURCE  
UNITS OF 
MEASURE 

EXPECTED 
SIGN OF 

EFFECT ON 
GDP GROWTH 

DlnGDPpc 

Growth Domestic 
Product p.c. growth 
rate 

The World Bank/World 
Development Indicators Data and 
Statistics  % ratio 

 
 
 

CTR 
Corporate Tax 
Revenues 

OECD Revenue and National 
Accounts Databases. 

 
US dollars (x 
1011)  in 
current prices  + 

CTRGDP 
Corporte Tax 
Revenues by GDP 

 
OECD Revenue and National 
Accounts Databases & The World 
Bank/World Development 
Indicators Data and Statistics  ratio + 

EATR 
Effective Average 
Tax Rates 

Institute for Fiscal Studies  (IFS) 
Publications-Datasets by Alexander 
Klemm (Base case EATR) ratio ? 

EATRSQ 

Effective Average 
Tax Rates in the 
second power 

Institute for Fiscal Studies  (IFS) 
Publications (Base case EATR) ratio ? 

GFCFR 

Total Gross Fixed 
Capital Formation 
Rate 

OECD stats:Economic Outlook No 
86: Annual and Quarterly data 
(http://oecd-
stats.ingenta.com/OECD/) % ratio + 

GFCFSGDP 

Total Gross Fixed 
Capital Formation 
Stock By Gdp 

OECD stats:Economic Outlook No 
86: Annual and Quarterly data 
(http://oecd-
stats.ingenta.com/OECD/) ratio + 

GCFSGDP 

Total Gross Capital 
Formation Stock by 
GDP 

OECD stats:Economic Outlook No 
86: Annual and Quarterly data 
(http://oecd-
stats.ingenta.com/OECD/) ratio + 

EMPLPC 
Emlpoyment 
Population ratio 

OECD: Population and labour force 
statistics ratio + 

USENRPOP 

 
Students enrolled by 
Upper secondary 
education as % of 
population 

OECD stats:http://oecd-
stats.ingenta.com/OECD (Annual 
National Accounts - Population and 
Employment ) 

 
 
 
ratio 
 + 
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LABFOR Labor Force  
OECD: Annual National Accounts -  
Population and Employment 

 
 
ratio + 

CPI 
Corruption 
Perception Index 

Internet Center for Corruption 
Research 
(http://www.icgg.org/corruption.ind
ex.html) 

Scales from 1 
(the most 
corrupted) up 
to 10 (the less 
corrupted) + 

OPEN 
Market Openness 
Index 

Penn Word Tables 
(http://pwt.econ.upenn.edu/) % (GDP) ratio + 

D_OPEN 

Market Openness 
Index-Dummy 
variable 

Penn Word Tables 
(http://pwt.econ.upenn.edu/ 

‘1’  or ‘0’  
values + 

GDPPC 
Gross Domestic 
Product Per Capita 

 
The World Bank/2008 World 
Development Indicators               
(http://go.worldbank.org/U0FSM7A
Q40) 

US dollars ( x 
105)  in current 
prices 

? 
 

TELTOTL 

 
Mobile and fixed-
line telephone 
subscribers (per 100 
people) 

The World Bank Group/World 
Development Indicators online % ratio + 

TELREVG 
Telecommunications 
revenue (% GDP) 

The World Bank Group/World 
Development Indicators online % (GDP) ratio + 

D_TELREVG 

Telecommunications 
revenue-Dummy 
variable 

The World Bank Group/World 
Development Indicators online 

‘1’  or ‘0’  
values + 

The variable OPEN60, shows the extent to which an economy is open to international 

trade in terms either of exports & imports or foreign direct inflows & outflows and 

stands for the Openness index.  In this study data is taken from the Penn Word Tables 

and we regard as an openness index (OPEN) the percentage ratio of a country's trade 

(exports & imports) to the county’s GDP. Openness enhances consumption and 

boosts productivity, therefore, is expected to stimulate a GDP growth. 

Data on the variables TELTOTL and TELREVG61, is taken from “The World Bank 

Group/World Development Indicators”. Both variables account for the infrastructure 

effect in the view of telecommunications advances in production. In details, the 

variable TELTOTL,  stands for  the mobile and fixed-line telephone subscribers ratio 

per 100 people. The higher is the TELTOTL, the higher is the diffusion of the 

                                                 
60  The dummy variable D_OPEN, takes the value of ‘1’  for countries with openness ratio above the 

groups’ average and, the value of ‘0’ for ratios found below the groups’ average. 
 
61 The dummy variable D_TELREVG, seemingly with the D_OPEN, equals to ‘1’  when the  TELREVG 

ratio is above the groups’ average or, equals to ‘0’  when it is below the groups’ average. 
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telecommunication advances in a country’s economy. Consequently, the TELTOTL is 

expected to affect positively the GDP growth. 

The variable TELREVG, stands for the telecommunications percentage revenue ratio 

by GDP and shows the percentage (%) of the GDP that comes from the revenues of 

businesses in the telecommunications sector. Similarly with the above, we expect a 

positive influence on a country’s GDP growth. 

The control variables GDPPC, CPI, OPEN, TELREVG, and TELTOTL, are involved 

in the panel models specification tests in first differences because in the Im, Pesaran 

and Shin W-stat unit root tests became stationary in first differences, either with 

individual intercept or, with individual intercept & trend. 

TABLE 4.3:  Stationarity Investigation with the Im, Pesaran and Shin W-stat Unit Root 

Tests 

  VARIABLES 

Stationarity  

in levels                        

(individual 

intercept) 

Stationarity  in 

levels                                

(individual 

intercept& trend) 

Stationarity  in 

first differences 

(individual 

intercept) 

Stationarity  in first 

differences                              

(individual intercept& 

trend) 

 DlnGDPpc √     

 GDPPC  √    

 CTR  √    

 CTRGDP √    

 EATR   √   

 EATRSQ   √   

 GCFSGDP √     

 GFCFR √     

 GFCFSGDP √     

 EMPLPC   √   

 USENRPOP √     

 LABFOR   √   

 CPI   √   

 OPEN   √   

 TELTOTL    √  

 TELREVG     √    

 √ : Stationarity     
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4.5 Regression Results 

In the Table 4.4 there is a summary of the Equation 4.10 panel estimation results with 

tests of the EATR in levels and squared values. At this stage, the estimation process 

follows the strand of literature according to which, the tax rates determine the 

corporate tax revenues in a static Laffer curve context and, also, the  EATR  is treated 

as an effective corporate tax proxy.  In Model 1 we use the minimum set of variables 

i.e., this of EATR in levels, Gross Fixed Capital Formation Stock by GDP 

(GFCFSGDP) and the employment ratio (EMPLPC). Results show that the EATR is a 

statistically significant and negative determinant of GDP growth. When increases by 

10%, the GDP growth rate decreases by -1.16%. Moreover, a 10% increase in capital 

and employment variables, result in a GDP growth increase by 4.9 % and 10.14 % 

respectively. The Model 1 is considerably instable with low determining power. 

{ TABLE 4.4 here: Baseline panel GDP Growth Model with Effective Average Tax 

Rates} 

In Model 2 we investigate the feature of nonlinearity by adding the two variables 

EATR and EATRSQ. We notice that economic growth models do not account 

successfully for an inverted U shape relationship between GDP growth and EATR. In 

Models 3 & 4 we explore further the feature of nonlinearity by changing the capital 

formation variables. We notice statistical significant EATR variables whereas; the 

statistical significance of capital formation (GCFSGDP & GFCFSGDP) is obviously 

rather low. In Models 5 and 6 we explore further the OLS Model 4 for likely Fixed 

and Random effects. We notice that results do not change considerably.  

Concluding on the findings in Table 4.4, we see that, there is not found a robust 

baseline GDP growth regression. We continue our estimations by changing the 

corporate tax variable from EATR to CTR (corporate tax revenues). 

{ TABLE 4.5 here: Baseline Panel GDP Growth model with Corporate Tax  

Revenues}  

In Table 4.5, the Models 1, 2 & 3, additionally to the above Models, discuss also the 

human capital factor by employing the proxies of employment, labour force and 

school enrolment in simple OLS panel estimations. In these Models, the physical 
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capital variables (e.g. GCFSGDP and GFCFSGDP) and, the employment and labour 

force ratios (e.g. EMPLPC and  LABFOR) are statistically significant and positive 

determinants of the economic growth whereas, unexpectedly, the school enrolment 

ratio (USENRPOP) is insignificant. Additionally, the corporate tax variable, in the 

form of CTR, is insignificant in all three Models. In Models 4 and 5 we set the 

variable GFCFR to account for the physical capital factor with the school enrolment 

and employment to be the human capital variables. In these Models the statistical 

significance and positive signs on both human and physical capital variables remain 

unchanged while, the corporate tax variable, in the form of CTR, is still insignificant 

in determining the GDP growth rate. In the last model, Models 6, we test the 

GFCFSGDP against the employment ratio and corporate tax revenues. We find that, 

only the employment ratio determines significantly-with a strong positive elasticity- 

the GDP growth, whereas, CTR and GFCFSGDP are insignificant determinants and, 

also, the model’s descriptive validity is considerably low. 

All in all, in Tables 4.4 and 4.5 there is not found a reliable baseline growth Model. In 

Table 4.6 we use the employment ratio EMPLPC as the only human capital proxy for 

all the models tested whereas, we test the suitability, as a capital formation proxies, of 

the variables GCFSGDP, GFCFSGDP and GFCFR. In Model 1 we find that all 

corporate, capital and human variables are statistically significant determinants of the 

GDP growth. They are all positive, and affect heavily the GDP growth. In details, 

when employment increases by 1%, the GDP growth increases by 0.98%, also, an 

increase of GCFSGDP by 1%, raises growth by 0.046% and, an increase of CTR by 

1% raises growth by 0.006%.62 In the Fixed and Random Effects variations of the 

OLS Model 1, we find no statistical significance in the corporate tax and capital 

variables. 

{ TABLE 4.6 here: Baseline Panel GDP Growth Model with Corporate Tax  

Revenues}  

In Models 1, 2 and 3 of Table 4.6 we test the CTR as a corporate tax variable 

employing the GCFSGDP to capture the physical capital change effects. Generally, 

                                                 
62 The GDP growth variable is expressed as a percentage ratio (see Table 4.2). 
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the Model 1 and its alterations that account for the Fixed and Random Effects 

(Models 2 and 3) are not robust. In Model 4, we employ the variable GCFSGDP  to 

capture the capital factor effect and, we end up with results very close to these of the 

Model 1. In the following, Models 5 and 6, we explore the Fixed and Random Effects 

variations of Model 4 and we find that, corporate and capital variables lose in 

determining power over the GDP growth. In Model 7, we test the GFCFR as a capital 

formation variable and, we find that Model 7 outperforms Model 1 in descriptive 

power, whereas, the GFCFR increases the statistical significance of the capital 

formation GDP growth effect and, decreases the human capital effect. In more details, 

the elasticity of the capital factor increases from 4.6 to 30 whereas, the elasticity of 

the employment factor effect decreases to 31. The elasticity of corporate taxes rises to 

0.74. but, is still regarded low. In Models 8 and 9 we have the Fixed and Random 

Effects alterations of Model 7 that render thought the corporate tax factor 

insignificant growth determinant. In Model 10, the corporate tax revenues are scaled 

by GDP and, we notice that, while other variables stay still, the elasticity of corporate 

taxes restricts down to 0.27. 

{ TABLE 4.7 here: Country-Specific Panel GDP Growth Models with Corporate Tax  

Revenues} 

 

In Table 4.7 we extend the Model 7 in Table 4.6 to account for the CTR country-

specific effects. The calibrated country-specific models are also tested for robustness 

with the use of instrumental and control variables. 

We begin with Model 1 which extends  Model 7 in  Table 4.7 letting the corporate tax 

variable change across the examined countries accordingly to each country’s 

individual tax behavioural characteristics.  Apparently, this approach is a departure of 

the standard, in the Panel data modelling (Fixed or Random Effects) technique, of 

letting the ‘b0’  constant term vary across the data cross sections. This deviating from 

the mainstream technique, is attempted under the view that, the factor that accounts 

for the parabolic feature in the studied relationship, is the tax variable. Consequently, 

for the needs of this study we could not else expect to capture this feature in a 

country-specific formula, but letting countries respond individually to the corporate 

tax effect on GDP growth. 
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In Model 1 we see that physical capital, employment and corporate tax variables are 

all significant and noticeably, the corporate tax revenues variable is positive and 

statistical significant for all the countries. We notice that, the elasticity varies widely 

i.e., from 0.47 in the case of US to 34 in the case of Greece. We notice also that, the 

tax elasticity in countries like Greece, Portugal and Sweden is very high compared to 

others. This finding can be accredited to the heavily fuelled by public funds 

economies of these countries, and therefore, to the important role that taxes63 assert to 

the economic activity in these instances. It is obvious that, the role of public 

administration and public funding (public consumption and public investments) is 

vital (yet of different quality)64 for these countries’ business life. 

In Models 2 and 3 by changing the capital formation variable we notice that, 

GCFSGDP and GFCFSGDP though significant physical capital variables fall short in 

determining power comparatively to GFCFR. When we use the above two capital 

formation variables, the employment ratio gains in determining power over the capital 

formation factor. As a consequence, the EMPLPC elasticity rises to 0.9% in Models 2 

and 3. 

In Models from 4 to 8 we test for endogeneity effects on the corporate tax revenues 

variable. For this purpose, we instrument the CTR with; the lagged CTR term, EATR, 

EATRSQ, as well as, a linear combination of them, and finally, with a linear 

combination of STR and STRSQ. We document hence, the lack of endogeneity among 

corporate tax revenues and the rest variables in the Models 1, 2 and 3. This is 

concluded by the fact that in all cases the sign and the magnitude of the GDP growth 

effects remain the same for all employed variables.  

In Models 9-14, we carry on to a second step of robustness checks applied on Model 

1. At this step, we are merely concerned with factors that account for; corruption-

black economy, market openness, infrastructure (telecommunication penetration) and 

GDP level. The need for an extension of the selected Model 1 comes natural from the 

field literature that attributes a role to the above variables on the GDP growth 
                                                 
63 Which can enter the GDP growth modelling either as public revenue or as a public spending proxy. 
64 In Sweden, the public intervention in business life significant though, is characterized by high 

efficiency, transparency and social welfare. These characteristics are questionable however in the 
case of Greece and Portugal. 
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modelling. In the GDP growth modelling process these factors are proxied by the 

Corporate Perception Index (CPI), market openness (OPEN and D_OPEN), 

telecommunication lines and telecommunication sector revenues by GDP (TELTOTL, 

D_TELREVG), and finally the level of GDP.65  It is interesting to note here that, in 

the Model 7, where we consider EATR and EATRSQ as instrumental variables in the 

place of CTR, we receive indications for a GDP growth–EATR relationship in line 

with the theoretical GDP growth model in Barro (1991). 

Models 9-14 illustrate that, the inclusion of additional control variables in Model 1, 

does not affect the statistical significance and the sign of the examined variables’ 

GDP growth effect. It is noticeable also that, the CPI and TELTOTL appear to affect 

positively the GDP growth; they are not statistically significant though. Additionally, 

it appears that GDP level affects negatively the GDP growth but, in a way that lacks 

statistical significance. A reasonable explanation of the GDPPC level negative growth 

effect could be asked in that; GDP growth rate increases in a higher pace in 

developing countries (which are characterized by an initially low level of GDP), 

rather than in the developed ones.   

In Models 10, 11 and 13, we examine the determinant power of openness and 

telecommunication diffusion factors. We notice that, the included control variables 

are all statistically significant and affect positively the GDP growth rate. Furthermore, 

we notice that adding the dummy variable D_Open in the selected Model 1, the 

corporate tax variable for the countries France, Portugal, UK and US becomes 

insignificant whereas in general, the sign, magnitude of effect and, statistical 

significance of the corporate taxes, employment and capital formation variables, 

remain unaffected for the rest of the examined cases. 

Concluding, the study findings show that the Model 1 in Table 4.7 is a fully robust 

model, which passes all the robustness tests of endogeneity and control variables 

addition. The Model 1 encompasses the calibration of a significant corporate tax 

revenue positive effect to the GDP growth rate. This effect becomes considerably 

stronger in countries with a comparatively large public sector like; Portugal and 

Greece. Evidently, according to the Model 1, in the case of Greece, a 1% raise in the 

                                                 
65 For more details on variables’ definition, data sources, units and expected signs refer to Table 4.2 

and Table 4.3. 
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corporate tax revenues will increase the GDP growth rate by 0.34%. Besides in the 

case of Portugal, a raise of 1% in the corporate tax revenues is expected to increase 

the country’s GDP growth by an amount of 0.33%. It is important to highlight here 

that, the disaggregating issue of the corporate tax revenues' effect66 is not discussed in 

this study and actually, is an important issue that lies beyond the scope of the present 

study. 

 
 
 

 

 

 

 

 

 

 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

                                                 
66 A part of the field literature discusses the role of disaggregating the corporate tax variables. Consult 

the literature section of Chapter 4. 



170                                                                                                           Part II: Real Economy Effects 
   

Ph.D Thesis by Anastasios Saraidaris 

4.6 The Corporate Income Tax Rates and the GDP Growth  
Connection Path 

 
Below follows a graphical representation of the connection path between the 

Corporate Income Tax Rates and the GDP growth as this results from a joint 

discussion of the results of the empirical calibration of the Equations (3.10), (4.10) 

and (4.11) in the Chapters 3 and 4 respectively. 

 
According to the empirical findings, there is not a clear-cut and robust empirical 

justification of the theoretical GDP growth model in Barro (1990), in the case we 

consider the corporate tax rates (EATR) as being the only tax variable. Nevertheless, 

the calibrated, linear relationship between the GDP growth and the CTR of Equation 

(4.11), given the calibrated relationship between the CTR and the Tax Rates of 

Equation (3.10), reveal a steady-state economic growth effect of the Tax Rates. 

 
Figure 4.1:  The Corporate Income Tax Rates and the GDP Growth Connection Path 
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Figure 4.1a: The GDP growth- Corporate Income Tax Revenues relationship 
Figure 4.1b: The Corporate Income Tax Revenues – Corporate Tax Rates relationship 
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The Figure 4.1 (in 4.1a) represents the linear relationship between GDP growth and 

CTR in the case of four hypothetical countries (i.e. C1,C2,C3 and C4) of a different 

magnitude. The corporate income tax revenue values (in Figure 4.1b) result from the 

CTR-EATR parabolic relationship of the Equation 3.2 in Chapter 3. Apparently, a 

country’s GDP growth-CTR relationship corresponds to a certain country-specific 

CTR-EATR curve which, accounts for a country-specific optimal level of the 

corporate income tax revenues. Thus, corporate income tax revenues receive their 

maximum value at the CTR-EATR curve turning point and, the higher this value is, 

the higher is the CTR effect on GDP growth. All in all, the Figure 4.1 illustrates an 

implicit Barro type endogenous growth effect of the corporate income tax rates. 
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4.7 Conclusions and Policy Considerations 

The empirical findings in this study initially document a weak but noteworthy 

negative correlation of EATR and GDP growth in a panel study using yearly data of 

12 OECD countries for the period 1982-2005. The nonlinear theoretical relationship 

illustrated in the Equation (4.10), between corporate tax rates and economic growth, 

is not robustly calibrated at the earlier steps of the research. The situation changes 

when we next employ the corporate income tax revenues as a tax proxy in the place 

of EATR. In this framework, it is documented a clear-cut statistically significant and 

positive relationship between, corporate tax revenues and economic growth. At this 

stage, the empirical evidences confirm the existence of a permanent endogenous tax 

effect on the long run economic growth. Additionally, we notice a sizeable variation 

in the magnitude of the corporate tax effects across the countries. The latter appears 

to be high in countries with an inflated public sector (large bureaucracy and/or high 

public investments and public consumption) and, in contrast, becomes very low in 

countries with large private investments and challenging environment for a private 

entrepreneurship (e.g., in the US and Japan). An interpretation of the above findings 

could be found in that; economic growth in countries with a large public sector is 

heavily dependent on public funding and, hence, on corporate income tax revenues, 

which actually comprise (on average) a percentage of 15-20 % of the total tax 

revenues. 

 As results from the empirical investigation, a particular policy consideration should 

be given to economic growth stimulating provisions each time a government plans to 

alter its corporate income tax policy by changing the corporate tax rates. An 

inappropriate decline in the corporate tax rates or a narrowing of the corporate tax 

base, might result in a sharp decline in the corporate tax revenues. However, when 

public investments account for  a considerable part of the domestic business, the 

situation above will eventually result in an inevitable drop of  pubic funding67 and 

thus, in a shrinking of the domestic business.  Subsequently, in countries with a large 

public sector and extended public investments, a drop in public investments is 

expected to affect considerably economic growth. From the empirical findings we 

point out; a cut of 10% in corporate tax revenues reinvested in the economy, could 

                                                 
67 A cut in public funding can undoubtedly be a policy decision irrelevant to the tax policy.  
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result in an economic growth drop by 3.4% in Greece, 3.26% in Portugal and 1.78% 

in Sweden. On the contrary, in the case of Japan and US a 10% corporate tax 

revenues cut could account for a decrease in economic growth only by 0.087% and 

0.047% respectively. Generally, an average decline by 0.95% is expected for the 12 

OECD countries’ GDP growth, when is attempted a corporate income tax revenues 

cut by 10%.  

Obviously, when relating the findings of this investigation to the finding of the Laffer 

type-corporate revenues curve in the Chapter 3, we conclude that, from a policy 

perspective, there is no need for special concern regarding the economic growth–

corporate taxes effect. It is apparent that economic growth changes in a linear 

monotonic relationship with corporate tax revenues. Therefore, looking forward to 

optimising corporate tax revenues in a context of a tax rates adjusting policy, we 

simultaneously account for an economic growth optimization68. The latter 

considerably simplifies the construction of the computational tax competition model 

discussed next, in Chapter 6, as it saves considering a second tax optimisation 

function for economic growth. 

In the model-robustness checks for a likely existing endogeneity between corporate 

tax revenues and economic growth determinants, we instrument corporate tax 

revenues with the EATR (and STR) variables. We then note that the signs and 

magnitude of elasticities are unchanged. This finding can be discussed in two ways. 

First, confirms a no apparent endogeneity in the model tested. Second, offers 

indications of an indirect parabolic relationship between corporate tax rates and 

economic growth. The latter merits further consideration which however, is beyond 

the scope of the present study. 

Furthermore, when we control for additional factors like these of market openness to 

trade, corruption69–black economy, infrastructure-technology diffusion in production 

and magnitude of the economy, we find that, they all affect economic growth 

positively. In addition, they do not apparently change the behaviour of the corporate 
                                                 
68 Obviously, there exist factors other than the corporate tax revenues, which also affect economic 

growth. However, an  investigation of them lie beyond the scope of the present study. 
 
69 With respect to the corruption-perception index, the higher is the better. 
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tax, physical capital and human capital variables. Nevertheless, only the market trade 

openness and the telecommunications’ proxy-unlikely the other control variables-

seem to be statistically significant determinants of economic growth and hence, 

contribute in increasing the determining power of the empirical growth models. 

Last, it is important to note that this study’s findings account restrictively for the 

effect of corporate income tax revenues on economic growth. For a detailed 

investigation of the relation between corporate income taxation (e.g., corporate 

income tax rates) and the corporate tax revenues collected, we should refer to the 

Chapter 3. 

 

4.8 Tables in Chapter 4 



 Chapter 4: Corporate Income Taxation and Economic Growth                          175     
 

 

 
Ph.D Thesis by Anastasios Saraidaris 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



176                                   Part II: Real Economy Effects 
   

Ph.D Thesis by Anastasios Saraidaris 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 Chapter 4: Corporate Income Taxation and Economic Growth                          177     
 

 

 
Ph.D Thesis by Anastasios Saraidaris 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



178                                   Part II: Real Economy Effects 
   

Ph.D Thesis by Anastasios Saraidaris 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 Chapter 4: Corporate Income Taxation and Economic Growth                          179     
 

 

 
 
Ph.D Thesis by Anastasios Saraidaris 

 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 



180                                   Part II: Real Economy Effects 
   

Ph.D Thesis by Anastasios Saraidaris 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

 
 
 
 

 

 

 
 
 



 Chapter 4: Corporate Income Taxation and Economic Growth                          181     
 

 

 
 
Ph.D Thesis by Anastasios Saraidaris 

 
 
 
 
 
 
 
 
 
 
 



182                                   Part II: Real Economy Effects 
   

Ph.D Thesis by Anastasios Saraidaris 



 Chapter 5: Corporate Income Tax Rate Changes and FDI Inflow Responses  183     
 

 

 
 
Ph.D Thesis by Anastasios Saraidaris 

CHAPTER 5  

Corporate Income Tax Rate Changes and FDI Inflow 
Responses  
 
 

5.1 Introduction  
 
There is no dispute that the rapid growth of Foreign Direct Investment flows (FDI) in 

recent years has triggered the extensive use of corporate tax rates as a favourite tool 

for attracting FDI. The elimination of trade barriers in the world economy has 

resulted in the liberalisation of capital flows, making corporate-profit taxation and 

FDI flows important factors in a world corporate tax competition among economies. 

This development has created opportunities for multinational firms to transfer prices 

and benefit from intra-firm debt and also to engage in profit-shifting practices to 

countries with lower taxes. Thus, tax differentials among countries may play a 

distinguishing role in optimal global investments allocation and in international trade 

practises. The adherents to the view that tax differentials heavily affect the allocation 

of international capital flows can be roughly categorised into two groups. One group 

supports competing countries’ coordinated action to reach a common corporate tax 

basis. The other group advances open-market rules as a means of arriving at 

“optimal” tax differentials. In the specific context of the EU and OECD, corporate tax 

coordination has been debated most actively during the last decade. Viewpoints range 

from the Ruding Report (1992) to the Code of Conduct for Business Taxation 

(European Communities, 1998) and Formula Apportionment (European Commission, 

2001), with the last two viewpoints deviating significantly from the tax-rate 

harmonisation proposals advanced in the first. 

 
 
The economic literature offers a number of empirical studies on this field. The recent 

analysis of corporate tax rate competition and investment capital mobility by Hines 

(2004) has its roots in the study by Diamond and Mirrless (1971). Hines (2005) 

concludes that small, open economies should avoid the taxation of income earned by 

foreign investors as an incentive to attract international investment capital. This 

seems to mirror the common practice of multinational firms of using debt to finance 
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their affiliates in high-tax countries and using equity to finance their affiliates in low-

tax countries, in other words, to accumulate income in low-tax-rate countries and tax 

deductions in high-tax-rate countries. This is also described by Desai, Foley and 

Hines (2004a), who report that affiliates belonging to the same US parent companies 

tend to adjust their debt levels lower or higher according to the lower or higher 

corporate tax rates of the host countries.  

 

In this study, we will consider countries that attract FDI inflow mostly by adjusting 

their tax rates. The study is performed on a group of 12 OECD countries for the 

period 1982-2005 and uses data on FDI inflows, corporate tax differentials, Gross 

Domestic Product per capita, a corruption-perception proxy, openness proxies and, 

finally, infrastructure and technology proxies. The countries examined are Canada, 

France, Germany, Greece, Italy, Japan, Netherlands, Portugal, Spain, Sweden, the UK 

and the US. The study group is quite representative, as it accounts for more than 65% 

of the world's total FDI inflow in the year 2005.  

 

The corporate tax differentials in the study are expressed in terms of the Effective 

Average Tax Rates (EATR), Statutory Tax Rates and Effective (STR), and Effective 

Marginal Tax Rates (EMTR). The EATR was first proposed as an appropriate 

measure of the tax rate in a nonlinear tax-reaction function context of investment and 

mobile-profit allocation among countries by Devereux, Lockwood and Redoanno 

(2002). They used nonlinear tax-reaction functions to make the case for an 

asymmetric competition in which countries that have set their EATR above the total 

average seem to react more clearly to changes in the “opponent” countries’ tax rates. 

In the present study, the EATR, the STR and the EMTR differentials are tested as 

alternative FDI-inflow determinants in a nonlinear context. According to the later 

relevant literature, they are said to affect FDI inflow in three different ways. 

Specifically, multinational firms are advised, in a recent strand of the literature, to 

choose the amount of their capital stock in response to the EMTR, while choosing the 

location of their profits in response to the differences in STR (Devereux at al., 2008); 

finally, they make discrete location choices as to where to locate their foreign 

affiliates in response to the EATR (Devereux and Griffith, 1998b & 2003). The FDI 

inflows are used in the present study as a direct investment proxy that, by definition, 

accounts for the three above investment practises. 
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The novelty in this study is that it goes beyond the concept, common in the relevant 

literature, of bilateral70  FDI inflows in pairs of competing countries and, within such 

a framework, tests the nonlinearity in FDI inflow responsiveness to tax differentials, 

economic, infrastructure and technology factors. 

 

In the present study, we base our investigation on the fact that an FDI inflow 

competition, regardless of, whether it is triggered by yardstick behaviour or a 

scheduled policy consideration, does not pertain to a one–to-one bilateral country 

competition. The FDI competition, at a higher or a lower degree, accounts for an 

overall trend in countries and does not in reality concern a competition between 

opponent countries on a bilateral FDI flows basis. Therefore, countries do not 

motivate themselves to lower their corporate taxes simply to increase the amount of 

FDI inflowing from a single competitor country or to decrease the FDI outflow from 

themselves to a competitor county. In other words, it is not a race between competing 

countries for FDI inflow and outflow. For the reasons above, the conceptual basis of 

this study is that of a pair-wise competition that refers to the overall world FDI 

inflows that each of the countries competing in pairs i and j seek to capture. This 

point of departure of our investigation, in addition to being innovative, makes the 

study findings more realistic and tangible in terms of policy considerations. 

 

This study is organised as follows: Section 5.2 provides a summarised review of the 

relevant literature. Section 5.3 presents the theoretical models for the empirical 

estimation. Section 5.4 presents the variables and data used in the empirical analysis. 

Section 5.5 discusses the results of the regressions, and finally, Section 5.6 concludes 

and discusses policy considerations. 

 

 

 
 
 

                                                 
70 The author attributes the common in empirical literature work path of bilateral FDI flows, to the 

standard in theory framework of bilateral investments in theoretical pairs of competing countries. 
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5.2 Literature Review 
 

In the literature, there are studies that have approached the relationship between FDI 

and corporate tax rates in a variety of ways. Studies such as Hartman (1984), Boskin 

and Gale (1987), Young (1988), Slemrod (1990), and Swenson (1994) concerned 

time-series estimation of the correlation between the level of FDI and the annual 

variation of the after-tax rate of return, focusing mainly on the US. An alternate 

approach has been to explore the location of FDI based on cross-sectional 

estimations, as in Grubert and Mutti (1991), Hines and Rice (1994), Desai, Foley and 

Hines (2004a), and Altshuler and Grubert (2004), among other studies. 

 

The relationship of corporate taxation to FDI has also been studied by Slemrod 

(1990), who is critical of previous works (e.g., Hartman, 1984) and marks a point of 

departure for subsequent studies by considering pooled bilateral FDI flows in 

aggregate time-series data and quantifying tax rates by means of the Effective 

Marginal Tax Rate (EMTR), proposed by Auerbach and Hines in 1988.  

 

Subsequently, Cassou (1997) explored bilateral FDI flows for individual countries for 

the period 1970-1989 and found tax effects on FDI to be for the most part statistically 

non-significant. Other pooled bilateral FDI flow studies include Jun (1994), and 

Devereux and Freeman (1995), which examined a group of OECD countries, also 

finding statistically non-significant effects. Pain and Young (1996) focused on FDI 

flows from Germany and the UK into 11 countries for the period 1977-1992, and they 

found elasticities that were significant (and negative) for the UK but non-significant 

for Germany. Bénassy-Quéré et al. (2005), using a panel of bilateral FDI flows 

among 11 OECD countries, investigated further agglomeration-related factors with 

nonlinearities in the impact of tax differentials on FDI location. Additionally, Razin 

and Sadka (2006), in their study of bilateral FDI inflows in a two–country tax 

competition model with asymmetric Nash equilibrium, noted the importance of tax 

differentials in determining the direction and magnitude of FDI flows.  

 

A first meta-analysis of the empirical literature on the impact of corporate taxes on 

the allocation of FDI was performed by De Mooij and Ederveen (2003), who 

estimated that the median tax-rate elasticity of foreign capital was negative (-3.3) and 
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found FDI to be more responsive to EATR than to statutory tax rates. The same study 

found no support for the importance of tax credits or tax-exemption treaties for the 

FDI allocation of the home country. De Mooij and Ederveen (2005), analysed further 

surveys such as those of Hines (1999), Devereux and Griffith (2002) and De Mooij 

and Ederveen (2003), that conclude on company taxes having a significant negative 

impact on the location of investment and, state the following: ‘…this literature, 

however, suffers from important problems regarding data and identification. In 

particular, one would ideally use information about real investment decisions by 

multinational companies and the true tax rates that these companies would pay at 

different locations. Yet, both capital data and tax data are usually imperfect. Studies 

therefore rely on imperfect measures for capital allocation and tax rates. With 

respect to capital, most studies use aggregate data on foreign direct investment 

(FDI).’ De Mooij and Ederveen (2005) revise slightly the findings of their own 

previous study (De Mooij and Ederveen, 2003) and conclude that: ‘..the type of 

capital data and tax data exert a systematic impact on reported elasticities.  Also 

controlling for openness and agglomeration tendencies appears to significantly affect 

the elasticity values’.  

 
Regarding the issue of double-taxation circumvention in international practises, most 

countries are observed to avoid double taxation by means of bilateral tax treaties71 in 

line with either the OECD Model Tax Convention or the EU Parent-Subsidiary 

Directive for the facilitation of investment capital mobility. In particular, the 

countries in this study adopt either a credit system (e.g., US, Japan, Greece, Spain, 

UK) or an exemption system (e.g., Germany, France, Portugal, etc.) to avoid 

international double taxation. 

 

In the academic literature, Hines (1996) first discussed the distinction between 

exemption and credit systems to estimate the tax rate elasticity of FDI. He measured 

the behavioural response to taxes from investors located in tax-exemption countries, 

conditional on a zero response by investors from tax-credit countries. In contrast, 

Tanzi and Bovenberg (1990) argued that excess foreign credit and tax deferral make 

                                                 
71 Double Taxation Treaties are conventions between two countries that aim to eliminate the double 

taxation of income or gains arising in one territory and paid to residents of another territory. 
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the distinction between tax-credit systems and tax-exemption systems of little 

importance. Later studies in favour of the OECD and EU-stated goals for such treaties 

include those of Dickescheid (2004) and Davies (2004), who consider bilateral tax 

treaties to be an important tool for international tax cooperation. The latter surveyed 

the existing literature and highlighted the reasons for the difference between the 

standard view that tax treaties increase FDI and the majority of the empirical findings 

that show little support for this.  

 

In the present study, we do not account for the effect of tax treaties on FDI allocation 

and corporate tax competition. Summarising the findings on this issue, we primarily 

focus on the well-documented conclusion of the two thorough meta-analysis studies 

of De Mooij and Ederveen 2003 and 2005, which found a non-significant effect of 

double-taxation treaties on the FDI. Consequently, this study adopts the point of view 

that whereas tax treaties facilitate at large capital mobility worldwide, they have no 

significant role in the selection of affiliate allocation and the amount of capital 

invested. 

 

5.3 Theoretical Considerations  
 
Below we illustrate the basic non–linear FDI differentials model to be empirically 

estimated in the sections following:  

2 3
0 1 2 3 4( / ) ,  1,...,12,

(0, )

ijt ijt ijt it jt ijt ijt t

t u

LFDI b bTR b TR b L GDP GDP b TR X u i, j

u N σ

= + + + + + + =

∼
                 (5.1)                               

With the empirical investigation of the above model (results in Tables 5.4-5.6), we 

analyze the static FDI inflow differentials’ (LFDI ijt) response to the Tax Rates 

differentials (TRijt) changes in pairs of countries competing for the maximum amount 

of the worldwide investing capital which in the above equation takes the form of 

world FDI inflows. 

The feature of nonlinearity in the above model roots in the literature that  concludes 

on the existence of nonlinear FDI inflow responses, due to the broadly diversified 

corporate taxation practices that countries make use of to attract worldwide 
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investment capital. Also, the nonlinearity feature is employed to capture the disparity 

in FDI inflow responses to the divergent economic and geographical characteristics of 

the host countries. 

In the Equation 5.1, with LFDI ijt we denote the differential of Foreign Direct 

Investment inflows in pairs of countries i.e.,  the differential of the world FDI flows 

running in county i minus the world FDI flows running in country  j  on the year t.  

The term b0 stands for the constant term and, the coefficients b1,b2,b3,b4 stand for the 

elasticities of the endogenous variables. 

TRijt: Represents the corporate tax rate variables. In the study we test the EATR 

against the STR and the EMTR as alternative tax rate variables that account for the 

differential responses of the FDI inflows. In details, TRijt stands for the corporate tax 

rate differentials among the countries i and j on year t, i.e., EATR EATRi j t

 
 
 
 

− for the case 

of EATR. The corporate tax variable is included in the Equation (5.1) in the form of 

corporate tax differentials in pair of countries. 

GDPit : stands for the per capita Gross Domestic Product  in country i on year t. 

Xt: is a control vector encompassing the corruption perception index (CPI), the 

country openness indices (OPEN & FIOSAGDP) and the technology-

telecommunications indices (TELREVG & PC). 

The empirical model is constituted hence of the FDI variable; being the endogenous 

variable in the form of log-differentials in pairs of countries, the Tax Rate variables in 

country-pairs’ differentials and, a vector of exogenous variables in the form of log- 

ratios (in pair of countries). 

Data and variables are discussed thoroughly in the section following. 

5.4 Variables and Data  

Our analysis considers a group of 12 OECD countries for the period 1982-2005 using 

data for FDI inflows differentials, corporate tax differentials, GDP, the corruption 

perception index, openness proxies, infrastructure and technology proxies. The 

variables above come from the literature in FDI determinants and specifically the 
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literature discussing the FDI inflows and corporate taxes relationship. More 

specifically, in this study we use the variables: EATR, EATRSQ, EATRQU, STR, 

STRSQ, STRQU, EMTR, EMTRSQ, EMTRQU, CPI, OPEN, FIOSAGDP, TELREVG 

and  PC.  In this study we abstain from the use of income and profits’ double taxation 

treaties to capture the asymmetries in the impact of tax differentials on FDI inflows72. 

As discussed in Section 5.2, we adopt the point raised in later literature (De Mooij 

and Ederveen 2003, 2005) that, these treaties whereas facilitate at large the capital 

mobility worldwide, they only occasionally account for asymmetries in the tax effect 

and therefore, their role is probably trivial in the selection of the affiliates allocation 

and the amount of the capital invested. Details on the data statistics, definitions of the 

symbols above, as well as, further information related to the data sources, units and 

expected signs of the corporate tax rates-FDI inflows effect can be found in Table 5.2. 

Below follows a detailed discussion of the data and variables’ characteristics. 

5.4.1 The Dependent Variable: FDI Inflow Differentials. 

The variable FDI stands for the Foreign Direct Investment Inflows. Data comes from 

the United Nations Conference of Trade and Development (UNCTAD) Statistical 

Databases73. The FDI is a critical variable for the construction of the computational 

tax competition model in Chapter 6. It is expressed in US dollars in current prices. 

The FDI inflows are engaged in model specification in the form of FDI differential 

inflows in pairs74 of countries i.e., represent the difference in world FDI inflows75 

between two countries i and j on the year t. The variable FDI becomes stationary in 

levels with individual intercept in the Im, Pesaran and Shin W-stat unit root tests (see 

Table 5.3, Table 2.A.3 and Figure A.4) 76. 

 

 

 

 

                                                 
72 Later studies that adopt this view point is Bénassy-Quéré et al. (2007),  Hajkova et al.(2006), etc. 
73 More details available at: http://www.unctad.org/Templates/Page.asp?intItemID=3147&lang=1. 
74 The FDI inflows log-differentials between two countries i and j on the year t take the form: L(FDIit-

FDI jt) and, should be greater than zero. 
75 We regard FDI inflows in a global scale instead of the bilateral inflows in pairs of countries. 
76 For details on stationarity tests see Table 3 and Table 2.A.3  
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5.4.2 Exogenous Variables that account for Corporate Income Taxes and countries’ 
Economic Magnitude 

The effective average tax rates (EATR) employed in this study, is a tax variable that 

have been calculated by Devereux and Griffith (2003)77 as a weighted average of an 

Effective Marginal Tax Rate (EMTR) and an adjusted Statutory Tax Rate (STR). The 

EATR is a forward-looking measure that shows the distribution of effective tax rates 

for an investment project over a range of profitability. EATR is regarded to be a 

superior tax indicator for the tax incentives that a multinational corporation faces 

when deciding on the host country for locating a discrete investment project. This 

advantage becomes stronger when the corporation expects to earn an economic profit 

due to a patent or similar source of market power. Generally, multinational firms 

make discrete choices as to where to locate their foreign affiliates, and these choices 

depend on how taxes affect the post-tax level of profit available in each potential 

location; the impact of tax on such decisions is measured by the EATR. Devereux and 

Griffith (1998, 2003) provide evidences of the impact of EATR on discrete location 

decisions. The EATR values in this study come from the data set updated by A. 

Kleem (in 2005), provided by the Institute of Fiscal studies in the document 

“tablesIFS.xls”. In the examined group of countries, the country with the highest 

mean value is Japan, with 39%, whereas the UK has the minimum mean EATR value 

of 25.7% (see Figure A.2). 

 

EMTR is a forward-looking measure that measures the effect of tax on the return of a 

marginal investment that just covers all of its economic costs, including a return on 

the labour and capital that may be provided by the owner of the investment. 

Devereux, Griffith and Klemm (2002) state: ‘The proportionate difference between 

the pre-tax and post-tax required rates of return is known as the effective marginal 

tax rate (EMTR). The higher the EMTR, the greater the required pre-tax rate of 

return, and hence the lower is the incentive to invest’. Furthermore, the EMTR, as 

compared to the STR, also considers the tax effect on marginal investments caused by 

depreciation allowances and any available corporate tax concessions (see Figure 

A.10). 

 

                                                 
77 For the precise formula applied, refer to Devereux and Griffith (2003).  
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Specifically, the EMTR is, in one strand of literature (e.g., Devereux, Griffith and 

Klemm, 2002), said to be a more adequate corporate tax proxy regarding the quantity 

of the FDI inflow invested in the host country. In contrast, the EATR in the same 

strand of literature is regarded as a more representative tax proxy when we refer to 

the location choice of multinationals. 

 

The STR is an alternative to the EATR and EMTR corporate tax ratio and stands for 

the statutory tax rates (see Figure A.3). Like the EATR, data on STR and EMTR come 

from the data set updated by A. Kleem (in 2005) and provided by the Institute of 

Fiscal Studies in the document “tablesIFS.xls”. STR and EMTR are both corporate 

tax indicators that are widely used in the relevant literature.  

 

In more detail, the STR stands for the tax rate that is legally imposed on corporations. 

STR, by definition, cannot reflect the tax effect of depreciation allowances, profit 

shifting, transfer pricing and other accounting practices or corporate tax concessions 

available to firms.  

 

Summing up, multinational firms accumulate their capital stock in response to the 

effective marginal tax rates, choose the location of their profits in response to the 

differences in statutory tax rates (Devereux at al., 2008) and, finally, make discrete 

location choices as to where to locate their foreign affiliates in response to effective 

average tax rates (Devereux and Griffith, 1998 & 2003). 

 

The tax variables (TRijt) either at levels e.g.: EATR, STR, and EMTR, or in squared 

and cubic values e.g.: EATRSQ, EATRQU, STRSQ, STRQU, EMTRSQ, EMTRQU  are 

all engaged in models’ construction in the form of differentials in pairs of countries 

e.g.  ( )it jtEATR EATR− , 2( )it j tEATR EATR− , etc. In this form, in Im, Pesaran and Shin 

W-stat unit root tests, they are stationary in levels with individual intercept. The sign 

of effect of corporate tax rates on the FDI inflows differentials is expected to be 

negative in all cases (see Table 2.A.3). 
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The GDP per capita78, is a variable that accounts for the country’s economy 

magnitude and come from The World Bank (2008 World Development Indicators). It 

is used in US dollars, in current prices. In the study participates in the form of  GDP 

per capita log-ratios in pairs of counties. It is expected to affect positively the FDI 

inflows differentials since, the greater is a country’s GDP the more developed is 

expected to be in terms of infrastructure, private investments, legal procedures in 

setting up businesses, bureaucracy etc. and therefore, more attractive for direct 

investments.  The GDP per capita log-ratios79 between two countries i and j  on the 

year t , are stationary in levels with individual intercept in the Im, Pesaran and Shin 

W-stat unit root tests (see Table 5.3, Table 2.A.3 & Figure A.6). 

 

TABLE 5.1: Summary Statistics  

 

 

 
 
 
 
 
 

                                                 
78 The log GDP per capita ratio is a main determinant for the FDI differentials, since only when it is  

included, tax differentials became significant. 
79 The log GDP ratios between two countries i and j in the year t take the form: L(GDPit/GDPjt). 

  n  Mean  Maximum  Minimum  Std. Dev. 

FDI  288 0.188 0.885 0.004 0.213 

EATR 288 0.307 0.375 0.244 0.045 

EATRSQ 288 0.099 0.146 0.061 0.029 

STR 288 0.412 0.509 0.336 0.059 

STRSQ 288 0.177 0.265 0.114 0.052 

EMTR 288 0.255 0.342 0.150 0.063 

EMTRSQ 288 0.073 0.124 0.029 0.032 

CPI 240 7.181 7.849 6.294 0.499 

FIOSAGDP 284 0.338 0.686 1.686 1.228 

GDP 288 14.762 25.120 5.953 5.616 

GDPPC 288 20,736 32,643 9,172 5,923 

TELREVG 283 2.113 3.462 1.575 0.552 

PC 232 16.802 34.412 5.481 9.407 
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5.4.3 The Control Variables 

In modelling the impact of corporate tax differentials on FDI inflows we should also 

embrace control variables that account for additional factors affecting the FDI 

inflows. This is particularly important to avoid omitted-variable biases,  that will 

probably occur in the case these variables are correlated with tax rates. 

Therefore, the control variables: CPI, OPEN, FIOSAGDP, TELREVG and PC are 

engaged in the model specification process to capture the effects of corruption/black 

economy, market openness, and infrastructure/technology (telecommunications and 

computer literacy diffusion).  

The Corruption Perception Index (CPI) data comes from the Internet Center for 

Corruption Research. The CPI is an index scaled from one to ten and illustrates the 

degree to which corruption is perceived to exist among public officials and 

politicians. The Transparency International Organization, which is a global civil 

society organisation against corruption, defines corruption as: ‘the abuse of entrusted 

power for private gain’. The higher is the CPI grade the less corrupted is perceived to 

be a country’s public sector. Additionally, CPI could account for a perception index 

of a country’s black economy in the light of the well disputed link between corrupted 

public officials and politicians and, black economy. Furthermore, the greater the 

perception for the corruption in public is (lower CPI), the lower  is expected to be the 

amount of the country’s FDI inflows. In this particular study, CPI takes the form of 

log-CPI ratios for pairs of counties. The log-CPI ratios80 become stationary in levels 

with individual intercept in the Im, Pesaran and Shin W-stat unit root tests.  

TABLE 5.2: Variables definition, Data sources, Units and Expected Signs of Effect 

VARIABLES   DEFINITON DATA SOURCE  
UNITS   OF 
MEASURE 

EXPECTED 
SIGN OF 
EFFECT  

 
FDI  
 
 
 

Foreign Direct 
Investment 
Inflows 
 
 

UNCTAD Statistical Databases &The 
World Bank/2008 World Development 
Indicators    
 

US dollars        
( x 1011)  
in current 
prices  

EATR 
Effective Average 
Tax Rates 

Institute for Fiscal Studies  (IFS) 
Publications-Datasets by Alexander 
Klemm (Base case EATR) ratio - 

                                                 
80 The log-CPI ratio between two countries i and j in the year t takes the form L(CPIit/CPIjt). 
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EATRSQ 

Effective Average 
Tax Rates in the 
second power 

Institute for Fiscal Studies  (IFS) 
Publications (Base case EATR) ratio - 

EATRQU 

 
Effective Average 
Tax Rates in the 
cubic power 

Institute for Fiscal Studies  (IFS) 
Publications (Base case EATR) ratio - 

 
 
STR 

Statutory Tax 
Rates 

Institute for Fiscal Studies  (IFS) 
Publications  ratio - 

 
 
 
STRSQ 

Statutory Tax 
Rates in the 
second power 

Institute for Fiscal Studies  (IFS) 
Publications  ratio - 

 
 
 
STRQU 

Statutory Tax 
Rates in cubic 
power 

Institute for Fiscal Studies  (IFS) 
Publications  ratio - 

EMTR 

Effective 
Marginal Tax 
Rates 

 
Institute for Fiscal Studies  (IFS) 
Publications-Datasets by Alexander 
Klemm (Base case EATR) ratio - 

 
 
 
EMTRSQ 

Effective 
Marginal Tax 
Rates in the 
second power 

Institute for Fiscal Studies  (IFS) 
Publications-Datasets by Alexander 
Klemm (Base case EATR) ratio - 

EMTRQU 

Effective 
Marginal Tax 
Rates in cubic 
power 

Institute for Fiscal Studies  (IFS) 
Publications-Datasets by Alexander 
Klemm (Base case EATR) ratio - 

CPI 
Corruption 
Perception Index 

Internet Center for Corruption Research 
(http://www.icgg.org/corruption.index.ht
ml) 

Scales 
from 1 to 
10  + 

OPEN 
Market Openness 
Index 

Penn Word Tables 
(http://pwt.econ.upenn.edu/) 

 
% (GDP) 
ratio  + 

FIOSAGDP 

 
Market Openness 
Index (aggregate 
Fdi inflows stock 
plus Fdi outflows 
stock by Gdp ) 

UNCTAD Statistical Databases &The 
World Bank/2008 World Development 
Indicators    ratio + 

GDPPC 

Gross Domestic 
Product Per 
Capita 

The World Bank/2008 World 
Development Indicators                  
  

US dollars         
( x 105)  in 
current 
prices ? 

GDP 
Gross Domestic 
Product  

 
The World Bank/2008 World 
Development Indicators                       
 

 
US dollars         
( x 1011)  
in current 
prices ? 

 
 
 
TELREVG 

Telecommunicati
ons revenue (% 
GDP) 

The World Bank Group/World 
Development Indicators online % ratio + 

 
 
PC  

 
Personal 
Computers per 
100 people 

The World Bank Group/World 
Development Indicators online % ratio + 
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OPEN, is an Openness index that shows the extent to which an economy is open to 

international trade in terms either, of exports & imports or, of foreign direct inflows 

& outflows. Openness data is taken from the Penn Word Tables and, we regard as an 

openness index (OPEN) the percentage ratio of a country's trade (exports & imports) 

to the country’s GDP. In this study OPEN takes the form of log-ratios in pairs of 

counties. OPEN is expected to affect positively FDI inflows because; it increases 

when the investment environment for the worldwide investing capital is getting 

improved. The log-OPEN ratios81 are stationary in levels with individual intercept in 

the Im, Pesaran and Shin W-stat unit root tests (see Table 5.3).  

FIOSAGDP is another Openness index that represents the extent to which an 

economy is “open” to the international trade in terms of foreign direct inflows & 

outflows. Data is taken from the UNCTAD Statistical Data bases & the World 

Development Indicators. FIOSAGDP accounts for the ratio of the sum in absolute 

values of the FDI Inflow and FDI Outflow stocks, by GDP. In the study takes the 

form of log-ratios in pairs of counties. The openness index in the form of FIOSAGDP 

is expected to affect positively FDI inflows when indicates a better investment 

environment for the worldwide investing capital. The log-FIOSAGDP82 ratios are 

stationary in levels with individual intercept in the Im, Pesaran and Shin W-stat unit 

root tests (see Table 5.3).  

TELREVG, is taken from The World Bank Group/World Development Indicators to 

capture an infrastructure effect in the view of telecommunication advances in 

production. TELREVG is a percentage ratio of telecommunications’ sector revenues 

by GDP (% GDP) and stands for the percentage of GDP corresponding to revenues in 

the telecommunications sector. In the study takes the form of log-ratios in pairs of 

counties. The country with a more advanced telecommunications sector is expected to 

be a more favourable host country for direct investments. Therefore, the greater is the 

ratio, the greater is believed to be the effect of TELREVG on FDI inflows. The log-

                                                 
81 The log-OPEN ratio between two countries i and j  in the year t  takes the form:  L(OPENit/OPENjt). 
82The log-FIOSAGDP ratio between two countries i and j in the year t takes the form: 

L(FIOSAGDPit/FIOSAGDPjt) . 
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TELREVG ratios83 are stationary in levels with individual intercept in the Im, Pesaran 

and Shin W-stat unit root tests (see Table 5.3). 

The data for PC is taken from The World Bank Group/World Development 

Indicators. This variable accounts for an infrastructure effect on FDI and denotes the 

level of computer literacy in a country’s population. In more details, PC is the 

percentage of population that owns personal computers and therefore, PC specifically 

stands for a technology proxy. In this study PC takes the form of log-ratios in pairs of 

counties. A country that exhibits a higher level of computer literacy is expected to be 

a more favourable host country for direct investments. Therefore, the greater the PC 

ratio is, the larger the effect of PC on FDI is expected to be. The log-PC ratios84 are 

stationary in levels with individual intercept in the Im, Pesaran and Shin W-stat unit 

root tests (see Table 5.3). 

Note: The tested variables, either in the form of log-differentials or in the form of log-ratios, are all 
stationary in levels. 

                                                 
83The log-TELREVG ratio between two countries i and j in the year t takes the form: 

L(TELREVGit/TELREVGjt). 
84 The log-PC ratio between two countries i and j  in the year t takes  the form : L(PCit/PCjt). 

TABLE 5.3: Im, Pesaran and Shin W-stat (unit root tests) 

 
Stationarity in levels                        
(individual intercept) 

Stationarity  in levels                                
(individual intercept& trend) 

Stationarity  in first differences 
(individual intercept) 

EATR   √ 
EATRSQ   √ 

EATRQU √   

STR √   

STRSQ √   

STRQU √   

EMTR √   

EMTRSQ √   

EMTRQU √   

FDI  √  
CPI   √ 

FIOSAGDP   √ 

GDPPC   √ 

GDPPCGR √   

TELREVG  √  

PC √     

√ Stationarity     
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5.5 Regression Results  
 
In this section, we will assume that the response of FDI inflow differentials to tax 

differentials follows a nonlinear approach that considerably deviates from the spirit of 

the bilateral viewpoint of FDI-flow competition (as in, for example, Bénassy-Quéré et 

al. 2005, Razin and Sadka, 2006) while considering the tax effects of all FDI-inflow 

differentials simultaneously for the group of the 12 OECD countries. The panels used 

to estimate the models were balanced, with 1,584 observations85. The number of 

observations included all available data, exchanging the order of the i and j terms in 

Equation (5.1) when necessary to keep 0it jtFDI FDI− > . 

 

First, we start with the investigation of the baseline linear or nonlinear regressions 

that can capture the FDI-inflow differential's responsiveness to the three alternative 

tax rate changes, namely, the changes in the EATR, STR and EMTR. 

 

This first stage of investigation intends to explore the way that FDI inflows respond 

to the three different changes in tax rates because, in the relevant literature, it is said 

that multinational firms follow different criteria in deciding on the amount of capital 

stock invested, on the profit shifted and, finally, on the choice of location for their 

affiliates (see Section 5.2). 

 

{TABLE 5.4 here: Baseline Linear and Non Linear Regressions on FDI 

Responsiveness to Alternative Corporate Tax Rate differentials} 

 

In regressions 1, 4 and 7, we first check the linear version of the baseline model, 

restricted to only two variables, with EATR, STR and EMTR, respectively, to be the 

tax differential variables and the ratio of GDP per capita between the pair of countries 

i and j to account for an overall factor of the countries’ economy and magnitude. We 

note that when we use STR and EMTR, we get models with statistically significant 

negative tax variables and a statistically significant GDP variable. Regressions 4 and 

7 have a quite restricted, though expected, determining value (in terms of low, R-

                                                 
85 There are 12 countries and 24 years of data, which yields (12 11)/2 24 1,584⋅ ⋅ =  possible pairings of 

competing countries. 
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adjusted values). In regression 1, the EATR differential fails to account for a 

statistically significant effect on the FDI inflows. 

 

In regressions 2, 5 and 8, we proceed with adding a second tax variable that of the 

squared term of the tax rates used in the regressions above. This is attempted to 

capture any likely nonlinear responses of FDI inflow differentials and follows the 

strand of relevant literature (Devereux 2006, Bénassy-Quéré et al. 2005, Razin & 

Sadka, 2006, etc.), according to which there is an evident nonlinearity in the above 

static relationship. We then note that in the EATR and the STR terms, the tax variables 

in levels and squares become negative and statistically significant determinants of the 

FDI-inflow differentials. The GDP variable maintains its positive and statistically 

significant effect. In regression 8, however, we note that the EMTR term in levels 

becomes insignificant (but negative) when we add the squared term EMTRSQ. The 

term EMTRSQ is a negative and statistically significant determinant of the 

endogenous variable. In a further step, in regressions 3, 6 and 9, we investigate the 

nonlinearity considering the tax rates in their cubic form (in addition to the levels). 

We note then that in all cases, the tax variables become insignificant (with the 

exception of STR in levels), which indicates that the tax rate variables in a 

combination of levels and squared terms in EATR and STR differentials are more 

adequate to determine the FDI inflows response to corporate taxation changes. 

 

{ TABLE 5.5 here: Extended Nonlinear FDI-EATR Differentials Models & 

Robustness Checks} 

 

At a second stage, the investigation evolves to the extension of the selected baseline 

regressions 2 and 5 in Table 5.4. This is implemented with the addition of variables 

that control for corruption in the public sector (and black economy), the country's 

openness to trade and investments, and the telecommunication and technology 

diffusion in production. To achieve this implementation, we employ a set of five 

additional variables that are tested in models with or without interaction effects. In 

regression 1 in Table 5.4, we note that upon adding the CPI variable, the signs and 

statistical significance of EATR (in level and squares) and the GDP ratio do not 

change, although the magnitude of their FDI effect is slightly restricted. The CPI is 
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statistically significant at a significance level of 15%. In regressions 2 and 3, we 

augment the baseline model by the OPEN and FIOSAGDP variables, looking forward 

to the investigation of the effect of openness in trade and direct investments in the 

baseline model 2. We note that while the control variable OPEN is totally 

insignificant and does not contribute to the baseline model, the openness proxy 

FIOSAGDP is statistically significant and positively affects the FDI inflow. 

Additionally, the behaviour of the tax-differential variables and GDP does not 

change, but their FDI effect is somehow restricted by the addition of the openness 

factor FIOSAGDP. We also note that the determining power of model 3 increases 

considerably compared to the baseline model. 

 

In regressions 4 and 5, we add the TELREVG and PC variables, planning to check the 

model’s behaviour with the addition of telecommunications and technology (in the 

form of computer literacy) proxies. We note that the effect of both variables is 

positive and statistically significant for the determination of FDI inflows responses. 

Additionally, the overall baseline model’s behaviour does not change, and the signs 

of the effects and the statistical significance of the tax differentials and GDP ratios 

are unchanged. Comparatively, TELREVG has a slightly more evident (positive) 

effect on the endogenous variable compared to the PC variable.  

 

Finally, in regression 6, we complete the control-variable robustness tests with a 

check of the control variables’ interaction effects. We need to say here that in such a 

model, the coefficients no longer show the average effect of the variables entering the 

interaction effects (Brambor et al. 2006). On the contrary, they show the impact of the 

marginal change of one control variable when the other is considered to be zero. 

Obviously, in a real economy, zero is not an economically meaningful value, and 

therefore, further investigation is needed in terms of interpretation. Regression 6, as 

expected, is not a robust one, as the variables either lack statistical significance or 

appear with meaningless signs for the FDI effect. Only the FIOSAGDP and the GDP 

ratios are positive and statistically significant variables; they account for the marginal 

FDI change while the other variables are zero. 

 

Last, in the regressions 7 and 8 we test the baseline FDI inflows differential 

regression for endogeneity in the tax variables (here EATR). For this reason we 
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instrument EATR first, with their lagged values and additionally-in the regression 8- 

with the STR. In the regression 7 we get exactly the same results with the baseline 

model. In regression 8 elasticities are noticeably inflated but the signs, the model 

determining power and the economic interpretation remains steady. The large tax 

elasticities in this case are expected because of the higher FDI differential inflows 

effect that is attributed to the STR level and squared terms at the first step regressions 

analysis in Table 5.4. 

 

The elasticity of EATR in level differentials in models 1 to 5 vary  from  -1.27 to -

2.48, while that of 2( )it j tEATR EATR−   varies from -7.54 to -37.38. It is very important 

to highlight here that the  elasticity values in the baseline model, as well as, in all the 

extensions of it, in the regressions from 1 to 5, are in all cases  in line with the 

mainstream related literature86  (for example, in the de Mooij and Ederveen 2003 and 

2005 meta-analyses, the median tax rate semi-elasticity87 of foreign capital is -3.3). 

 

The endogeneity tests therefore, document the robustness of the examined baseline 

model (model 2 in Table 5.4) and also, all the extensions of it, in the regressions from 

1 to 5 in Table 5.5. 

 

In general terms, the addition of the control variables adds in the baseline models 

determining power and shows that all control variables are positively and statistically 

significantly correlated to the FDI inflows (with the exemption of OPEN), 

documenting consequently the robustness of the baseline model 2 in Table 5.4. 

 

It is also notable that no control variable outperforms the tax variables at determining 

significance against FDI inflows. Thus, a tax-rate adjustment is indeed a powerful 

weapon for countries in the battle for the worldwide direct investments. Obviously, 

that does not mean that the lower the tax rates, the higher will be the FDI inflows. 

                                                 
86De Mooij and Ederveen (2003 &2005) implemented two similar meta analyses employing the most 

important empirical studies that discuss on the impact of taxes on the allocation of FDI. The FDI in 
these meta-analysis studies is assumed to equal the number of foreign locations multiplied by the 
average amount of capital invested in each of these locations.  

87 Semi-elasticity is defined as the measure of the percentage change in FDI in response to a 1% point 
change in the tax rate (e.g. from 25% to 24%). 
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The interactions among the corporate tax rate adjustment, the corporate tax revenues 

and economic growth effects are discussed in detail in Chapters 3 and 4. 

Similar to the material included in Table 5.5, regression tests are applied next with the 

STR taking the place of the EATR as a corporate tax variable. All results are 

illustrated in Table 5.6. In general terms, all tested models show the same behaviour 

in terms of determining power, the statistical significance of the variables included 

and the economic interpretation of the results. Overall, the aggregate FDI effect of the 

STR variables is increased compared to the EATR effect on FDI inflows. This result is 

expected because of the higher FDI differential inflow effect attributed to STR (in 

level and squared terms) when these are tested against EATR and EMTR as alternative 

corporate tax variables at the first-step regression analysis in Table 5.4. 

     Figure 5.1: FDI Differential Inflow Responses to Corporate Income Tax Rates 

 

 
 

The Figure 5.4 shows the FDI inflow differentials’ responses to Corporate Income 

Tax Rates (TR) differentials’ changes. From the Equation 5.1 seems that the larger 

the difference in TRij between the countries i and j is, the lower is their FDI inflow 

difference. At the starting point ‘0’, both countries set their TR at the same level. 

Thus, there is a maximum FDIij max value due to other FDI determinant variables’ 

effect (in Figure 5.4 when TRij  =0, the country i seems to outperform the j in terms of 

the FDI determinant variables e.g. GDPij  and/or Xij). Moving away from the point ‘0’, 

FDI ijmax 
 

TRij 

( , , )DI f TR GDP X
ijt ijt ijt ijt

F =

 

0 

FDI ij 

Where TR : EATR or STR 
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we notice that the higher becomes the TRij the lower becomes the FDI ij flows 

difference. It is important to notice that, in our empirical investigation, we assume 

only positive FDI ij values, thus FDI ij>0  due to the logarithmic values (LFDI ij) by 

definition  restriction. 

 

{ TABLE 5.6 here: Extended Nonlinear FDI-STR Differentials Models & Robustness 

Checks} 

 
In more details, the investigation for the STR as a corporate tax variable proceeds 

with the extension of the selected baseline regression 5 in Table 5.4 This investigation 

is being implemented with the addition of variables that control for the corruption in 

the public sector (and black economy), the country’s openness to trade and 

investments, and the telecommunication and technology diffusion in production. To 

achieve this analysis we employ a set of additional five additional variables that are 

tested in models with or without interaction effects. In regression 1 in Table 5.6 we 

note that by adding the CPI variable, the signs and statistical significance of  EATR 

(in level and squares) and the GDP variables do not change although they are slightly 

restricted  in  the magnitude of their FDI effect. The CPI variable although it has a 

positive sign, does not assert a statistically significant effect on FDI inflows unlikely 

the case of  the similar model 1 with EATR tax differentials. In regressions 2 and 3, 

we augment the baseline model by the OPEN and FIOSAGDP variables, pointing to 

the investigation of the effect of openness in trade and direct investments in the 

baseline model 2. We note that while the control variable OPEN, is totally 

insignificant and does not contribute to the baseline model, the openness proxy 

FIOSAGDP is statistically significant and positively affects the FDI inflow. 

Additionally, the behaviour of the STR and GDP variables does not change, yet their 

FDI effect is somehow restricted with the addition of the openness factor 

FIOSAGDP. We also note that, the determining power of the model 3 considerably 

increases compared to the baseline model 5 in Table 5.4. 

 

In regressions 4 and 5 we add the TELREVG and PC variables looking forward to 

check the models behaviour with the addition of telecommunications and technology 

(in terms of computer literacy) proxies. We note that the effect of both variables is 

positive and statistically significant for the FDI differential inflows determination. 
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Also, the overall baseline model’s behaviour does not change and, the signs of the 

effects and the statistical significance of the tax differentials and GDP ratios are also 

unchanged. Comparatively, TELREVG has a slightly more obvious (positive) effect 

on the endogenous variable compared to the PC variable.  

 

In regression 6, we finally complete the control-variable robustness tests with a check 

of the control variables’ interaction effects. We need to say here that in such a model, 

the coefficients no longer show the average effect of the variables' interaction effects 

(Brambor et al. 2006). Instead, they show the impact of the marginal change of one 

control variable when the other variable is considered to be zero. Obviously, in a real 

economy, zero is not an economically meaningful value and therefore, is needed 

further investigation in terms of interpretation. Regression 6, as expected, is not a 

robust one, as the variables either lack statistical significance or they appear with 

meaningless signs for the FDI effect. Only the FIOSAGDP and the GDP ratios are 

positive and statistically significant variables and account for the marginal FDI 

change effect of FIOSAGDP and GDP variables changes while the other variables are 

zero. 

Finally, in regressions 7 and 8, we test the baseline FDI inflow differential regression 

for endogeneity in the tax variables (STR). For this reason, we instrument STR first 

with lagged values and additionally, in regression 8, with the EATR. In regression 7, 

we get exactly the same results as with the baseline model. In regression 8, the 

elasticities are noticeably deflated, but the signs, the model determining power and 

the economic interpretation remain stable. The lower tax elasticities in this case are 

expected because of the comparatively lower FDI differential inflow effect, which is 

attributed to the EATR (level and squared terms) at the first-step regression analysis in 

Table 5.6. 

The endogeneity tests therefore, document the robustness of the examined baseline 

model (model 5 in Table 5.4) and also, of all its extensions in regressions 1 to 5 in 

Table 5.6. 

 

The semi-elasticity of STR in level differentials in regressions 1 to 5 varies from              

-2.40 to -3.71, while 2( )it jtSTR STR−   varies from -9.98 to -18.30. It is important to 



 Chapter 5: Corporate Income Tax Rate Changes and FDI Inflow Responses  205     
 

 

 
 
Ph.D Thesis by Anastasios Saraidaris 

emphasise here that the elasticity values in the baseline model and in all its extensions 

in regressions 1 to 5 are close to the related mainstream literature (for example, in the 

de Mooij and Ederveen 2003 and 2005 meta-analyses, the median tax rate semi-

elasticity of foreign capital is -3.3). 

 

In general terms, the addition of the control variables adds determining power to the 

baseline models in the cases of FIOSAGDP, TELREVG and PC and shows that these 

control variables are positively and statistically significantly correlated with the FDI 

inflow (with the exemption of OPEN and CPI), consequently documenting the 

robustness of the baseline model 5 in Table 5.4 (as well as its extensions). 

 

It is also noteworthy that no control variable outperforms the tax variables in 

determining significance against FDI inflow. Therefore, tax-rate (in the form of  

EATR or STR) adjustment is indeed a powerful weapon for countries in the battle for 

worldwide direct investments. However, that does not mean that the lower the tax 

rates, the greater will be the FDI inflow. We discuss the interactions among corporate 

tax rate adjustment, corporate tax revenues and the subsequent economic growth 

effects in detail in the Chapters 3 and 4. 
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5.6 Conclusions and Policy Considerations 
 
In this study, we explore the existence of nonlinearities in the FDI differential inflow 

responses to corporate income tax differentials. We test the effective average tax, the 

statutory tax and the effective marginal tax rate differentials as FDI-inflow 

determinants in a nonlinear corporate tax effects framework. The three alternative 

corporate tax rates, in a later strand in the relevant literature, are said to affect FDI 

inflows in three different ways. The FDI inflow variable is used as a direct investment 

proxy. 

 

A novelty in the empirical investigation of this chapter is that it moves beyond the 

concept, common in the relevant literature, of bilateral FDI inflows in pairs of 

competing countries. It explores the FDI differential inflow responsiveness to 

changes in tax differentials, economic factors and infrastructure factors. 

 

The investigation is scheduled around the idea that FDI inflow competition, 

regardless of whether it is a yardstick or a scheduled one, does not pertain to a one–

to-one bilateral country competition. Therefore, countries are not motivated to lower 

their corporate income taxes simply to increase the amount of FDI inflowing from a 

certain competitor country to them, or to decrease the FDI outflow to the above 

competitor county. In other words, it is not a race of competing countries between 

FDI inflow and outflow. The conceptual basis of this study is therefore a pair-wise 

competition that refers to the overall world FDI inflow that each of the countries i and 

j competing in pairs seek to capture.  

 

The study findings first document that the viewpoint of a world-scale, pair-wise 

competition for the total FDI inflow can be described using static nonlinear models. 

These models demonstrate a clear negative FDI inflow response to changes in EATR 

and STR differentials. The semi-elasticities of the tax effects lie within the range of 

values estimated in the meta-analyses of de Mooij and Ederveen (2003 and 2005). 

 

Second, the empirical findings demonstrate the superiority of EATR and STR over 

EMTR as corporate tax differential variables that account for the FDI inflow's 

nonlinear responses to their changes. The inappropriateness of EMTR to determine 
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the FDI inflows changes efficiently, unlike what is supported in a part of the relevant 

literature, may be attributed to the selection of the FDI inflow as an endogenous 

variable. However, there are not sufficient evidences that the EMTR behaviour will 

not change when other direct investment variables are tested as endogenous variables.  

The study findings also illustrate that gravity factors such as corruption perception, 

market openness, technology and telecommunication diffusions in production 

contribute positively to the determination of FDI inflow, and, are usually statistically 

significant determinants. 

In relation to the field literature, the role of the tested gravity variables seems 

underestimated compared to the tax rates. The new economic geography literature 

points out that due to size effects, agglomeration economies' corporate tax 

competition need not lead to zero taxation because of the tax bonus that large 

countries will receive. In this research, the evidently tax induced FDI inflow 

responses, can be attributed first, to the model tax and FDI differentials’ structure that 

seem to augment the importance in tax determination, and also, to the distinction of 

the nonlinearity feature in the examined relationship. 

The policy implications include the documentation of the superiority of STR against 

EATR that confirms the existence of a likely yardstick competition; STR are the 

country’s corporate taxes that, at first glance, characterise the corporate tax law 

system in the country. Perhaps STR is more efficient in terms of a ‘marketing’ tax-

policy tool for direct investments. Nevertheless, the EATR are also statistically 

significant tax variables88, and both seem to be valuable tools in the fiscal policy 

toolbox for policy makers when they strive to set the country's competitive strategy 

for worldwide direct investments. Corporate tax rates in this analysis clearly 

outperform economic magnitude, transparency in public services, market openness 

and technology factors in terms of determining FDI inflow responses. In fiscal policy 

terms, however, we should consider that while tax rates are a powerful weapon (in the 

race for worldwide direct investments), they do not guarantee countries that the lower 

they are set, the more competitive they will be in terms of FDI. In real life, there are 

                                                 
88 Obviously EATR are more representative (compared to the STR) of a country’s corporate tax 

legislation system. 
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complex interactions and slipover effects among the corporate income tax rates, the 

public revenues and economic growth89. Consequently, there are critical and 

interrelated policy issues that merit special concern when policy makers schedule a 

country’s corporate tax policy to attract worldwide direct investments. 

 

 

5.7 Tables in Chapter 5 
 
 
 
 

                                                 
89 There is a detailed discussion on that topic in the Chapter 5 of the study. 
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PART III 

CORPORATE INCOME TAX COMPETITION AND EQUILIBRIUM 
CONDITIONS IN AN FDI-PROBABILITY DISTRIBUTION              

GAME-BASED MODEL FOR 12 OECD COUNTRIES 

 

CHAPTER 6 

A Game–Based Corporate Income Tax Competition Model  

 

6.1 Introduction 
 
Quite often, corporate tax rate reforms are the outcome of extensively debated political 

decisions. Normally, governments are called upon to reform the countries’ corporate 

taxation to become more competitive in terms of FDI, to increase tax revenues or to 

trigger the country’s economic growth and employment with private investments. Most 

of the time, the above reasons coexist, and therefore, the decision-making process takes 

place under severe time pressure and a scarcity of alternative solutions. The 

governments’ tax-setting behaviour, therefore, can be described as a discrete-choice 

decision problem without a clear-cut scheduling process, and of course, without 

credible control of the expected outcome. Our approach builds on the set of calibrated 

equations in Chapters 3, 4 and 5, that illustrate the relationships among the corporate 

tax rates, corporate income tax revenues, economic growth and FDI inflows. In this 

chapter, the research on the corporate tax-rate setting process moves a step forward. We 

simulate the corporate tax competition in a computational FDI probability-distribution 

model among competing governments that seek to optimise the above three economic 

factors. We thus directly address, within a computational game framework, the discrete 

decision-making process that eventually leads national governments to engagement in a 

step-by-step process of reducing the countries’ corporate income tax rates. Changing 

the level of the available worldwide FDI, we look for the Nash equilibrium positions 

(or likely Pareto optimal strategies) and the existence of room for conspiracy or free-

riding scenarios. At the end of this simulation process, the findings-inter alia-will reveal 

whether there is a convincing evidence for a race-to-the-bottom scenario, whether 
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countries are engaged in a yardstick competition that forces them to set tax rates at 

levels below the optimum and, finally, whether there is room for countries to improve 

their tax-setting practises.  

 

With regard to the assumptions that have been made in the framework of this 

computational model, the study does not explicitly account for the household and firm 

sectors. Instead, we focus strictly on governments’ decision-making process when they 

strive to optimise corporate income tax revenues and economic growth with incoming 

FDI flows and the appropriate corporate tax measures. Additionally, in the following 

simulation, we do not account for welfare considerations in the light of a leviathan or 

benevolent public administration. Obviously, an extension of the model in this direction 

would lead to a complex system of equations, hence making the execution of the 

computational game intractable while reducing its degrees of freedom. The constructed 

computational model is a static, long-run equilibrium, corporate tax competition model. 

 

To our knowledge, no similar model has previously constructed in the tax competition 

literature. In any case, the literature on modelling interactions in national corporate tax 

policies is relatively limited, and furthermore, the empirical studies that refer strictly to 

corporate tax competition are scarce, and most only indirectly discuss the issue of 

corporate tax competition. In the tax competition literature, there are only a few applied 

tax models that refer to interactions between corporate taxes and economic factors 

within an applied general-equilibrium tax modelling framework e.g., the TAXCOM in 

Sørensen (2004), the CORTAX in Bettendorf et al. (2006,2007&2010) and a few other 

less common ones scattered in the voluminous tax literature that indirectly addresses 

this topic. The above models are based on some extended set of theoretical equations, 

conditional on complex theoretical considerations and restrictive assumptions. They are 

static, long-run equilibrium models that estimate elasticities by simulating equilibrium 

conditions on a set of complex theoretical equations (which often lack robust empirical 

verification in the literature) from the field literature but, with the exception of the 

TAXCOM model, they discuss only the consequences of tax reforms on various 

economic factors (EUTAX, OECDTAX) rather than on the issue of tax competition. 

The TAXCOM model is an extensive, multi-agent tax model that discusses, 

theoretically and empirically, the issue of tax competition, abstaining though from 



Chapter 6:   A Game-Based Corporate Income Tax Competition Model  
 
 

 
 
Ph.D Thesis by Anastasios Saraidaris 

217

treating governments as competing in optimising their tax-setting behaviour with 

respect to corporations. 

 

It is true that the lowering of trade barriers in the world economy during the last decade 

has resulted in the liberalization of capital flows, making corporate profit taxation and 

Foreign Direct Investments important factors in the tax competition among economies. 

This has created opportunities for multinational firms, to transfer prices and benefit 

from intra-firm debt and profit shifting practices in countries with lower taxes. Thus, 

tax differentials among countries may play a role in distorting the optimal global 

allocation of resources and, consequently, international trade. Adherents of the view 

that tax differentials heavily affect the allocation of international capital flows could be 

roughly categorized in two groups. One supports coordinated action (e.g. common or 

harmonized tax rates or tax base settings) in order to reach a common corporate tax 

basis. The other advances open market rules as a means of arriving at “optimal” tax 

differentials.  

 

The computational model that will be advanced in this part of the study, is based on the 

work in Hristu-Varsakelis, Karagianni and Saraidaris (2011) and is constructed over: i) 

a CTR objective function90 based on which the countries-players make decisions on 

their EATR setting, ii) a model91 of economic growth stimulation by means of 

corporate taxation and, iii) a model on FDI response functions92 to  EATR 

(alternatively also STR, EMTR) differentials. In short, these three (actually two since 

the first and the second model are linearly correlated) component models are developed 

and calibrated using data for a group of 12 OECD countries during the period 1982-

2005. Corporate tax revenue, determined by EATR  (or alternatively STR and EMTR) 

and FDI inflows, will play the role of the objective function (which also accounts for 

the economic growth optimization in terms of corporate tax rates setting). We 

constructed such a function by empirically calibrating country-specified individual 

Laffer curves for the countries under consideration. The second component in our game 

is the differential equation-based model for how FDI inflow reacts to corporate tax 

differentials (in the name of EATR). We developed this model based on the strand of 

                                                 
90 For details refer to Chapter 3. 
91 For details refer to Chapter 4. 
92 For details refer to Chapter 5. 
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the literature which advocates the existence of  nonlinear reaction functions of FDI 

inflows to tax rate differentials, with EATR, EATR2 and GDP ratios used as control 

variables.  

 

In more details, the novelty of the present computational model is that it is calibrated on 

elasticities that account for country-specific tax behavioural patterns whereas, on 

average the elasticities are in line with those in the field empirical literature. Therefore, 

it is built on a set of three novel for the empirical literature equations that are 

encompassed in a novel for the applied tax competition modelling literature 

computational model and follows a continuous-time Markov process (see section 

6.3.1). This model sets the computational basis  for the FDI inflows conditional 

probability distribution  in the set of 12 competing OECD countries. It simulates the 

corporate tax competition dispute within a computational game that is built upon tax 

policy optimization patterns for corporate tax revenues, FDI inflows and economic 

growth that each separate country sets for itself.  

 

This part of the study extends the literature discussing the corporate tax competition, 

within a framework of countries competing for the available world FDI inflow by 

adjusting appropriately their corporate tax policy. The core contribution in this party of 

the study lies on the construction of an FDI probabilities-distribution computational 

model for a corporate tax competition game. Within this game-based framework the 

examined 12 OECD countries strive to optimize their corporate tax revenues balancing 

the likely tax loses from the domestic corporate sector, with expected tax gains from the  

foreign corporate investments (in the form of FDI inflows). The game’s Nash 

equilibriums are conditional to the competing countries’ EATR and the available world 

FDI inflows. In this computational game, we simulate the corporate tax competition 

scenarios for variable amounts of total FDI inflows and alternative groups of colluding 

countries. 

 

Summing up, we could say that the corporate tax competition model estimated and 

calibrated in this part of the study, is substantially different compared to  the applied, in 

latter tax literature, computable general equilibrium (CGE) models, in many aspects. 

First, the computation model advanced in this study is based on a novel for the tax 

equilibrium literature Markov chain-conditional probability and intensity matrix 
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context. Second, it employs elasticities that yield form empirically calibrated and robust 

country-specific equations which are novel in literature (contrary to the 

computationally estimated elasticities from a single base year values-when assumed 

multi-agents theoretical equilibrium conditions- as is the case in CGE models). Also, 

the computational tax model developed in this study, discusses explicitly for the 

corporate tax competition in an endogenous growth optimization framework (instead of 

the neoclassical optimization framework employed in the majority of the CGE models). 

Last, in the CGE models found in the recent and earlier tax literature, but an implicit 

discussion of the corporate tax competition issues, there in not an explicit focus on the 

corporate taxes, economic growth and FDI flows interconnections in a competition 

framework where countries strive to  optimize the tax revenues collection from 

corporate income and hence, their economic growth.  

 

Our analysis considers a group of 12 OECD countries over the period 1982-2005 using 

FDI inflow data, EATR and corporate tax revenues. The group includes: Canada, 

France, Germany, Greece, Italy, Japan, Netherlands, Portugal, Spain, Sweden, the UK 

and the US.  

 
 

6.2 Literature review on Income Tax Competition 

6.2.1 An Overview of the Tax Competition Literature 

To investigate the tax competition literature, we first need to give a definition of the 

capital mobility and tax competition. In defining tax competition Wislon and Wildasin 

(2004) say that it is the non cooperative tax setting by independent governments. In 

particular, they define tax competition as a non cooperative tax setting by independent 

governments, under which each government's policy choices influence the allocation of 

a mobile tax base among governments. Thus, governments may compete over the 

allocation of workers, firms, capital, or shoppers. Griffith and Klemm (2004), describe 

the tax competition as the situation where countries lower their corporate income taxes 

in order to attract the real activities of firms.  

 

Additionally, Griffith and Klemm (2004), determine capital mobility as the swift of 

capital to productive activities across countries due to costs. Generally, it is difficult to 
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document capital mobility. One indirect way is to compare rates of return across 

countries, but this is obviously quite risky since, differences in costs can be attributed to 

many uncontrollable country–specific factors. The capital mobility during last decade 

has obviously increased; due to a noticeable reduce of capital controls in most 

countries, the free trade agreements and the foundation of large scale Trade 

Organizations. As regards to the tax competition, the greater mobility of corporate 

capital and profits, produces incentives for countries to reduce tax rates, particularly in 

small countries that face the most elastic supplies of foreign capital.  

 

Tax competition is said in field literature93 to provoke, mitigate, or aggravate 

inefficiencies in public sector. Oates (1972), Zodrow and Mieszkowski (1986) and 

Wilson (1986) are some of the  first studies in the field of  tax competition that 

highlighted the likelihood tax competition to lead to welfare inefficiencies,  

inefficiently low tax rates, misallocation of capital  and law public expenditure levels. 

Later on, researchers have begun to investigate the possibility that tax competition can 

have desirable effects. Brennan and Buchanan's (1980), concluded that the total size of 

government would be excessive in the absence of this competition. Oates (1985, 1989) 

Rauscher (1996, 1998) and other similar studies contrary to the tax competition model 

of Zodrow-Mieszkowski (1986) and variations of it, assume welfare-maximizing 

governments in an economy that would be fully efficient if capital were not mobile 

among the regions.  

 

In the earlier studies of Brennan and Buchanan(1980), Rauscher (1996, 1998) and 

Edwards and Keen (1996), were tested Leviathan models of different short and despite 

reaching somehow mixed conclusions, generally support the view that tax competition 

reduces welfare whereas, a degree of benevolence, is retained in governments because 

of  their will to be re-elected. 

 

Parry (2003) shows that competition may lead to suboptimal levels of capital taxation, 

as governments ignore the external benefits of capital flight to other regions. Using 

various generalizations of Wildasin (1989), he conducted extensive calculations of the 

                                                 
93 In a following section the literature in tax competition will be filtered down to that of 

the corporate tax literature. 
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efficiency costs over a wide range of parameter scenarios and assumptions about 

government behaviour. He found that the efficiency costs are moderate under most of 

the tested scenarios, and particularly in the scenario testing the Leviathan and non 

competitive government behaviour. 

 
The standard model of tax competition of Zodrow and Mieszkowski (1986), as well as 

other similar, are based on a set of a rather restrictive assumptions like these of: fixed 

factor supplies, perfect capital mobility, no net profits, totally symmetric competing 

countries, no endogenous fiscal instruments but source-based capital income taxes.  

 

Generally, the Leviathan models and the Zodrow-Mieszkowski standard tax 

competition model, despite their different view point of tax competition, agree in that 

tax competition lowers the size of government. 

 

Other studies in the tax competition literature are the following: Bucovetsky and 

Wilson (1991) studied tax competition assuming  two tax instruments and the supplies 

of capital and labour. Moreover, Bucovetsky (1991), Wilson (1991) and Eggert and 

Haufler (1998) explored the consequences of differences in country size for the 

distribution of the gains from tax coordination. Keen and Marchand (1997) analyzed 

the effects of fiscal competition on the distribution of net fiscal burdens on mobile 

versus immobile factors. Bettendorf and Heijdra (1999) studied the effects of capital tax 

coordination under imperfect capital mobility extending the Sørensen (1991) tax model. 

Dickescheid (2000) analyzed how the incentives for national governments to maintain 

positive capital income tax rates under tax competition are affected by net profits and 

foreign ownership in domestic firms. Huizinga and Nielsen (2000) studied the effects of 

regional tax coordination.  

 

According to Sørensen (2004), tax competition for mobile capital can undermine the 

attempts of governments to redistribute income from rich to poor. He finds a crucial 

distinction between global tax coordination and regional coordination. He concludes 

that: ‘With high capital mobility between the tax union and the rest of the world, the 

welfare gain from regional capital income tax coordination is only a small fraction of 

the gain from global coordination, even if the tax union is large relative to the world 

economy’. 
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As regards to the consequences of the tax competition Wilson and Wildasin (2004), in 

an other important study conclude that ‘tax competition may introduce, mitigate, or 

exacerbate inefficiencies in both the private sector and the public sector. In different 

models, tax competition may either limit or increase public expenditures and taxes on 

mobile factors, with differing welfare consequences’ .  

 
Generally, discussing on the tax competition literature we find mixed results and it is 

difficult to draw clear cut conclusions regarding their implications for corporate tax 

coordination in the EU. According to the basic tax competition model findings, 

corporate tax harmonization is desirable, as coordinated tax policies could reduce 

inefficient underprovision of public services. On the other hand, in various extensions 

to the basic tax competition model, the tax coordination and tax harmonization, seem to 

became harmful in terms of welfare due to  the offset of  the very important 

qualification of  tax competition, to restrain Leviathan inefficiencies that yield from   

the  overexpansion of the public sector.  

 

Sørensen (2000, 2001a&b), discussing the tax coordination issue with the EUTAX and  

OECDTAX GEM models finds that the potential efficiency gains from tax coordination 

in the EU may be law, even though current EU capital income tax differentials are 

sizable. He finds that the harmonization of corporation tax across the different EU 

countries will not result in an equal and fair treatment for all EU countries and will 

create losers and winners countries.   

 

Zodrow (2003) suggests that the argument that tax competition necessitates corporate 

tax rate harmonization among the member states of the EU is not a binding one. That is 

because, whereas tax competition in the basic tax competition model could lead to 

inefficient under provision of public services, various alternative economic models  

seem to document the finding that these welfare costs of tax competition will not be 

sizeable. 

 
When we attempt to narrow down the discussion of tax competition to the capital tax 

competition literature, we note that modern analysis of the corporate tax rate 

implications of international capital mobility dates back to Diamond and Mirrlees 
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(1971), who documented that efficient taxation in a small open economy, can result in 

zero taxation of   foreign investors’ income. 

 

They found that positive taxation distorts the economy more than would other tax 

alternatives, without shifting any of the tax burden to foreign investors. They also found 

that, countries that persist in taxing income earned by foreign investors will end up  

receiving lower taxes than others that do not tax foreign capital. They also imply that 

only larger countries are able to receive a rent from foreign investors because of other 

factors that allow foreign companies to keep unchanged their after-tax profit margins. 

 
The idea of an international capital tax competition was the first in the field of tax 

competition to be investigated theoretically, initially by Tiebout (1956), Oates (1972), 

and later by Zodrow and Mieszkowski (1986), Gordon (1986), and Wildasin (1988). 

The “standard” model in the tax competition literature was that of Zodrow and 

Mieskowsky (1986) which investigated the effects of capital mobility on capital income 

taxation in a quite restrictive framework. New contributions thereafter were based on a 

relaxation of that model’s restrictive assumptions, and the examination of additional 

aspects of capital mobility, such as: governments being either Leviathan or Benevolent, 

economies of agglomeration, and differential economic rents across countries. 

 
 

6.2.2 The Corporate Income Tax Competition Literature 

 
During the last two decades, corporate income tax policies in EU and OECD countries  

have been characterized by frequent rate cutting tax reforms, resulting in a significant 

downward trend in corporate tax rates. Also it is evidenced that, the less developed 

OECD countries or the EU new member countries, have entered quite aggressively in 

terms of corporate tax rates setting policy in the common market. At the same time 

corporate tax revenues seem to be stable if not increased on average for the OECD and 

EU countries. It is really questionable whether policy makers know or configure the 

consequences of their corporate tax setting decision. To the common sense most of the 

times, tax rates setting is a process dominated by the mimic behaviour and occasional 

political governmental disposition rather than being a product of a scheduled strategy. 

Understanding the forces behind the downward trend in corporate taxes, is an important 
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issue when counties’ policy makers are called upon on an OECD or EU level tax 

administration discussions,  to evaluate the situation as being harmful or beneficial and 

whether there exists or not the need for engagement in tax harmonization practises. 

Such practises could include the establishment of a common corporate income tax base, 

common corporate tax rates or simply effective double taxation treaties in order to 

minimize (if there is a need) the waste in public welfare sources and facilitate corporate 

profit and capital mobility across countries.  

 

In relevant literature the downwards orbit of corporate taxes can be justified by a 

twofold explanation. First, in literature there are supporters of the view that this trend is 

due to a yardstick tax competition and the pressure asserted on national tax policies due 

to the world tax competition for FDI inflows. A second and rather different explanation 

is that, the downward trend is unrelated to any interconnections of the tax policies 

among competing countries. According to this explanation, countries set their corporate 

tax policy, ignoring the world competition and looking forward to stimulating their 

economic growth and welfare. In other words, the downward trend of corporate tax 

rates is attributed to the broadly-held perception in countries that, low corporate taxes 

could indeed stimulate economic growth, public revenues and FDI without considering 

other countries’ tax setting policies. 

 

Obviously, in less developed member countries it is a favourite lately attitude; to set 

corporate tax rates low. These results from the need to tempt prospect investors and 

compensate for the disadvantages resulting form a variety of causes like: risky 

investment environment, low logistics infrastructure, legislation, low transparency, 

political instability etc. 

 

Devereux, Griffith and Klemm (2002) stressing the  characteristics of the  corporate 

income tax reforms in EU and G7 countries from 1982 to 2001,  highlights the decrease 

of STR, the tax bases broadening, the effective tax rates decrease,  and the stability of 

tax revenues to GDP ratios for competing countries. 

 

Griffith and Klemm (2004) classify corporate tax reforms into two categories. They 

distinguish the reforms into those that change the parameters (e.g. tax rates) of the tax 

system and in the: ‘…structural reforms which did not just change the parameters of 
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the tax system, but instead affected the principle approach taken to corporate income 

taxation. Such reforms include e.g. the abolition of a split rate system in Germany and 

Japan and the introduction of allowances for corporate equity in Austria and Italy’.  

They regard though as more frequent, the reforms that adjusted parameters of existing 

tax systems rather than the system itself. These refer to changes of the statutory tax rate 

and changes of investment allowances. 

 
Following Griffith and Klemm (2004) viewpoint, we classify the corporate tax 

competition literature, into the so-called direct versus indirect studies.  

 

The indirect studies examine the responsiveness of firms to changes in tax regimes. In 

that a way they contribute in rational welfare maximising governments to decide 

whether they would be better off to engage themselves in tax competition, or just to set 

corporate tax rates cooperatively. In this group belong the studies of Hines (1999) and 

De Mooij and Ederveen (2001), both of which surmise that foreign capital is very 

sensitive to taxation.94 In more details, Hines (1999) considers the impact of 

international taxation on patterns of foreign direct investment and on the extent of 

international tax avoidance activity. He concludes that reactions to worldwide tax rate 

differences, as well as, to changes in international tax rules, provide important 

information concerning the extent to which taxpayers respond to incentives and affect 

the design of domestic as well as international tax policy. Devereux and Griffith (2002) 

surveyed the empirical literature referring to the impact of corporate income taxes on 

the location of capital and identified the main issues which arise in the formulation of 

economic policy. They conclude that the existing (up to then) literature provided little 

to policy considerations. It is difficult to extract any policy implications from the 

concluding remarks of these studies, and there is only a vague reference for the ongoing 

process of tax competition. 

 

In a broader strand of  literature which concludes on the increased openness as being 

the cause of the decrease of company tax rates, representative studies are among others 

these of: Swank and Steinmo (2002), Slemrod (2004), Winner (2005), Schwarz (2007) 

and Ghinamo et al. (2007), etc. An extended category in this strand of  literature is the  

                                                 
94 De Mooij and Ederveen (2003) reach this conclusion via meta-analysis. 
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above mentioned direct studies, such as: Chennells and Griffith (1997), Desai (1999), 

Devereux et al. (2001), Devereux et al. (2002), Bretschger and Hettich (2002), 

Altshuler and Grubert (2004), Revelli (2001a&b), Revelli (2002), Bordignon et al. 

(2003), Fuest et al.(2005), Devereux et. al.(2008), etc. All studies above, discuss on 

yardstick competition or an implied strategic interaction between national governments, 

so that tax policy decisions of one country trigger reactions of other countries. These 

studies attempt to estimate whether one jurisdiction’s tax rate reacts to changes in the 

tax rate setting of another, and conclude that interdependence does exist, with 

ambiguous conclusions regarding its driving process.95 According to Griffith and 

Klemm (2004) the above interdependence might stem from either resource-based 

competition or from, yardstick competition (tax mimicking competition). The first short 

of competition refers to the case where countries compete for the investment capital 

allocation using their tax system. In the second case, voters judge the performance of 

the government by comparing their tax rates to the ones in neighbouring countries. The 

yardstick competition could also be triggered by a common intellectual factor that drive 

tax reforms in competing countries.  In the same category of literature belongs the study 

of Besley and Case (1995) which documents that vote-seeking and tax-setting are 

related under the light of tax yardstick competition. 

 

From an other point of view,  Heinemann and Overesch (2008) following a path of 

research similar to Revelli (2001, 2002) find evidence that the tax burden imposed on 

corporate income relative to geographical neighbours, strongly affects the probability of 

rate cutting tax reforms. In other words, countries are likely to cut their statutory tax 

rates if the inherited tax is high and if they are exposed to low-tax neighbours. 

 
More often lately, we came across studies that discuss on tax competition by estimating 

tax reaction functions. A recent study in this field are, Haufler et al.(2006) which, 

conclude on that the relative level of a country's corporate tax is depended to the 

worldwide average of corporate tax rates over time. In the same strand, Devereux et al. 

(2008) dealt with competition in statutory tax rates as well as, tax levels attributable to 

marginal investments among OECD countries and found that, corporate tax levels are 

positively related to other countries' taxes.  

                                                 
95 See in Bruekner (2003) the distinction of empirical literature in  spill-over and resource-based flow 

empirical models. 
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It is noticeable that tax models discussing the tax competition literature do not 

distinguish adequately between bases and rates. Haufler and Schjelderup (2000) is 

among the few studies that does differentiate between bases and rates. They discussed 

optimal taxation of corporate profits when governments can choose both the rate and 

the base of the corporation tax, but are constrained to collect a given amount of 

corporate tax revenue. They concluded that when FDI is permitted, however, and firms 

can shift profits between countries through transfer pricing, it will be optimal for each 

government to affect positively investment decisions by reducing tax rates and limiting 

the incentive for profit shifting. 

 

According to Hines (2005), countries worldwide continue to tax corporate income at 

significant rates despite the international competition. He found that average statutory 

corporate income tax rates fell from 46% in 1982 to 33% in 1999, the tax bases 

broadened, and on average corporate tax collections raised from 2.1% of GDP in 1982 

to 2.4% of GDP in 1999. He concluded that: ‘corporate tax rates in 1999 did not 

substantially differ between small and large countries, implying that large countries set 

their tax rates in response to the same competitive pressures that small countries have 

always faced’. 

 

6.2.3  The Corporate Income  Tax Competition Nexus in the Public Policy Agenda of 
EU & OECD 

Talking about income taxation in OECD countries, there is no evidence that either 

individual or corporate tax revenues have gone down as a result of tax competition 

during the last 20 years. The remarkable stability of the average corporate tax revenues 

as a percentage of GDP, in OECD countries during the last 20 years, had been 

attributed (in a strand of the field literature) to a large shift of income taxes towards 

corporate taxes, with the increase of entrepreneurship in incorporations. However, such 

a reasoning do not seem to be plausible since, corporations retain the option for 

relocating their premises abroad, shifting profits between countries or use pricing tricks 

among their affiliates to reduce their overall taxable income. On the other hand, during 

the same period of time, it is noteworthy the clear  decline in corporate tax revenues in 

the non-OECD countries, something that compels research to be directed towards other 



                                                   Part III: Corporate Income Tax Competition and Equilibrium Conditions    

Ph.D Thesis by Anastasios Saraidaris 

228 

sources of reasoning. These could be, likely broadening of corporate tax base due 

economic geography reasons, an increase of authorities’ tax enforcement power, a 

restriction of  black economy, tax incentives that motivated companies to declare a 

more realistic amount of  their earned  income in order to take advantage of the 

incorporating incentives that were occasionally launched in the OECD countries (e.g. 

long-term and low interest investment loans, fixed assets depreciation allowances,  tax 

incentives for machinery and equipment renewal), etc. 

 

This uncertainty has triggered a political debate that brought on a variety of  tax 

proposals in the  OECD and EU tax administration agenda. As a result, in May 1998, 

OECD issued a report entitled ‘Harmful Tax Competition: An Emerging Global Issue’. 

This report was the first official attempt to eliminate harmful tax practices in OECD 

countries and became a topic of great dispute in the OECD public policy agenda. The 

report focused on two problem areas that had been faced with the attempts for 

international income taxation of mobile capital, i.e., tax havens and harmful preferential 

tax regimes. Apparently, this report constituted an attempt against tax avoidance 

practices in OECD countries. 

 
As regards to the corporate tax setting process in EU counties, the theoretical and 

empirical field literature is rather inconclusive on the effects and the extent of corporate 

tax competition in the European Union. This issue thereafter has been a hot topic of 

political debate in the public policy arena and influenced the tax proposals launched by 

the EU. 

 
In the context of tax regulation actions in EU, the issue of corporate tax coordination 

has been extensively debated during the last two decades. Viewpoints range from the 

Ruding Report (1992), to the Code of Conduct for business taxation (European 

Communities, 1998) and  Formula Apportionment (European Commission, 2001), with 

the last two deviating significantly from the tax-rate harmonization proposals advanced 

in the first. 

 

In 2001 the EU issued the report European Commission (2001a). This report was 

actually a study discussing the dispersion and determinants of corporate effective tax 

rates in the EU-15. Moreover, included policy proposals to stimulate incorporations and 
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capital transfers in EU and, was concerned with tackling taxation problems such as: 

countries’ tax administration costs, tax compliance costs for businesses, double-taxation 

obstacles, etc. 

 
 
Nicodème (2006), reviews the rationales and facts about corporate tax coordination in 

Europe saying that: ‘..Although statutory tax rates have dramatically declined, revenues 

collected from corporate taxation are fairly stable and there is so far no evidence of a 

race-to-the-bottom. The ambiguous results from economic tax theory and the 

institutional setting have constrained strong EU policy action in the area of tax 

competition. Yet, there are welfare gains to be expected from tax coordination. 

Following its 2001 Communication, the European Commission is currently working 

with Member States on the definition of a common consolidated corporate tax base for 

European Companies’. 

 

According to the literature discussion (included in Nicodème, 2006) of the report 

European Commission (2001a), the two tax obstacles that have been widely reviewed 

in the 2001 report of the European Commission, leading to policy intervention, were 

that of cross-border loss relief, transfer pricing and profit shifting. As regards the cross-

border loss relief in the European Union, a consolidated corporate tax base   (CCCTB), 

could be a likely solution, though time consuming and rather extensive. The transfer 

pricing and profit shifting in the EU was a second issue that concerned the European 

Commission (2001a). To overcome the difficulties raised by this issue, the European 

Commission proposed the so-called Code of Conduct to eliminate the loads of 

documentation evidences that companies must provide to tax authorities on their cross-

border intra-group transactions (European Commission, 2004a). The Code of Conduct 

sets the time limits for countries to deal with complains and the suspension of tax 

collection during the dispute resolution. The Code effectively plays the role of 

arbitration Convention in EU countries, furthermore, developing the initial report of 

European Commission, 1990. 

 
Discussing the literature on transfer pricing and profit shifting practices, we focus on 

the causes that drive companies to locate their production and profits in one country 

instead of an other. Gérard (2005) concluding on the location decisions of businesses 

shows that the location decision of multinationals, as well as, the choice between a 
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foreign subsidiary and a foreign permanent establishment will severely impact the total 

tax burden. The business location decision as well as, the amount of the direct 

investments flows, is closely related to the FDI determination. The field literature 

comprises important studies like, Devereux and Griffith, 1998b; Grubert, 2003; 

Devereux and Lockwood, 2006 and other studies discussed in Chapter 5.  

 
Profit shifting might incur also with discriminately pricing of cross-border intra-group 

transactions. It apparently constitutes a tax avoidance practice that  is widely applied in 

intangible assets which, is difficult to be objectively priced (e.g. patents, licences etc). 

The studies of Clausing (1993 and 2003) belong in this specific category of tax 

literature and found evidences for tax-motivated income shifting behaviour through the 

manipulation of intra-group transaction prices.  

 
In the profit shifting tax-avoidance practises belong also, the financial tax avoidance 

decisions between multinational corporations and their affiliates worldwide. This 

behaviour is rather common and is merely attributed to dept shifting practises favoured 

by interest payments’ tax-deduction provisions. Gordon and Lee (2001), Altshuler and 

Grubert (2002) and, Huizinga et al. (2006) are some-inter alia-recent studies that 

document companies’ financial policy as being strongly affected by corporate taxation.  

 

Actually, profit shifting and transfer pricing are two usual -and in a sense ‘legal’ tax 

avoidance- practices that in a way rationalize the no race to bottom scenario concluded 

in a number of studies in the field literature. In other words, a multinational is likely to 

suspend relocation in a low taxed country, challenged by the option to decrease tax 

burden by following the above tax-avoiding practises. 

 

Nevertheless, although this behaviour determines partly the staying of corporations in a 

highly taxed country, does not explain satisfactorily the stability (or even slight growth) 

of corporate tax revenues (as a portion of GDP) in OECD countries. The latter 

evidently contradicts with the common sense that expects a reasonable decline of 

corporate tax revenues due to the rise of corporate tax rates. Mintz and Smart (2004) is 

a recent study that documents income shifting decreases the responsiveness of real 

investment to taxes.  
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Soon after the issue of the Code of Conduct for business taxation, the European Council 

realized that, there are still problems arising from the 15 different corporate tax 

policies, that were soon to increase with the entering of new member states in EU. 

Subsequently, the Commission issuing the following report i.e., European Commission, 

2002;  tried to consider for structural issues raised in corporate taxation. In other words, 

EU tried to tackle issues such as differences in levels of effective corporate taxes and, 

also to suggest ways in scheduling corporate taxation policy so as to facilitate cross-

border economic activities in the EU market. The European Commission, 2002 report, 

provided a comprehensive account of the corporation taxes state in the EU in year 

2001. Furthermore, it included suggested corporate taxation practices for overcoming 

obstacles to cross border economic activities and also, offered some comprehensive 

proposals for a wide restructuring of corporate taxes. 

 

In a first group of proposals belongs the legislative integration of the parent-subsidiary 

and merger directives in 1990. In a second group of proposals belong the so-called 

comprehensive remedies for harmonizing corporate tax bases in EU. These proposals 

can be categorized farther  into the following groups: a) The full harmonization of tax 

rates and tax bases with a commonly applied corporate tax rate, b) The adoption of a 

common estimation method for tax bases, c) The Common Corporate Consolidated Tax 

Base (CCCTB) as an optional method to estimate tax bases and, d) The Home country 

taxation. 

 

Deveruex (2004) discussing the European Commission, 2002 report, summarized tax 

obstacles to cross-border economic activities in the internal market in the following 

fields: 

• Taxation of cross-border dividend payments; 

• Taxation of cross-border business restructuring; 

• Cross border loss compensation; 

• Transfer pricing; and 

• Double taxation conventions. 

According to Deveruex (2004), the main focus in the initial part of the Report is to 

update the analysis of effective tax rates provided in earlier Reports (notably OECD, 

1991 and the Ruding Committee, 1992 etc.). The main conclusions in this part of the 
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Report, with regards to the dispersion of the effective tax rates across the member 

countries, are the following: 

 

• A harmonisation of countries’ STR would result in a significant reduction in the 

dispersion across member states of both the EMTR and the EATR. 

• A harmonisation of capital allowances, whereas is expected to affect the 

corporate income tax base would, not contribute in the elimination of this 

dispersion. 

• Harmonising the tax treatment of dividends paid across borders either adopting 

a tax credit or a tax exemption system, would remedy the dispersion of effective 

tax rates. 

• Home country taxation would increase the dispersion of effective tax rates. 

 
In the same study also, the author argues that neither a source-based, nor a residence-

based system of international corporation taxation would be appropriate. Commenting 

on the proposed consolidated tax base with some apportionment of taxable income, 

says that it  should have some considerable benefit in terms of a reduction in 

administration and compliance costs, however, it is not clear the way that will affect the  

efficiency of capital allocation. Devereux in the above paper, proposed Commission to 

consider the social costs that will be incurred by the distortions in economic activity, 

the administrative and compliance costs. The latter will predetermine to a large extend 

the solution of this problem. 

 
Finally, the EU could also re-consider the effectiveness of the existing bilateral tax 

treaties in the light of investment capital double taxation as well as, the discrimination 

issues arising due to the preferential tax treatment in some country members of 

domestic versus foreign corporations. 
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6.2.4 Applied Tax Competition Models in Literature 

Discussing on the Tax Competition Models met in the field literature, we can 

distinguish them into two main categories: a. The Reaction-Function Tax Competition 

models and, b. The Applied Tax (competition or coordination) General Equilibrium 

Models.   

 

Generally, as mentioned above, the literature on theoretical and applied tax competition 

models roots on the first standard tax model (hereafter ZMW) in tax literature, 

developed by Zodrow and Miezkowski (1986) and, Wilson (1986). The ZMW is a 

general equilibrium model where governments only dispose the policy instrument of 

taxing capital income when holding down property tax rates and public expenditure 

levels. 

 

Brueckner (2003), provides an overview of empirical models used in the literature on 

tax strategic interaction among governments. The study distinguishes two main 

categories of reaction-function models in the tax competition literature: a. the spill-over 

models and b. the resource-flow models.  Both types of models are based on 

jurisdictional reaction functions. When the slope of the estimated reaction-function is 

non-zero, the presence of strategic interaction is confirmed while; the opposite exists 

when the slope is zero. When reaction function has a zero slope, the absence of 

strategic interaction among neighbouring communities would be consistent with a 

model of tax competition in which each small community believes that can not affect 

the rate of return on capital. In the spill-over models’ category belong these models that 

discus the yardstick competition and public expenditure spill-over effects.The spill-over 

tax competition models focus on the yardstick-tax competition  (eg. Murdoch, Sandler 

and Sargent, 1997).  

 

In the resource based reaction function models belong-among others-the studies: 

Heyndels and Vuchelen (1998), Buettner (2001), Hayashi and Boadway (2001), Revelli 

(2001a, b), etc. Later on, Brueckner and Saavedra (2001) examined a sample of 

communities in the Boston area and found empirical evidence of a governmental 

reaction function with positive slope which documented that governments responded to 

increases in the property tax rates of neighbouring communities. Parry (2003) following 
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the study of  Konrad and Schjelderup, (1998) concluded that: ‘...Competition among 

regional governments may lead to suboptimal levels of capital taxation, as governments 

ignore the external benefits of capital flight to other regions.’  He documented that the 

welfare costs from tax competition may disappear quickly ‘…when some weight is 

attached to the possibility of Leviathan behavior’. Devereux et al. (2008), 

investigated whether OECD countries competed each other over corporate taxes, and 

that resulted in a fall of statutory tax rates in the 1980s and 1990s. They assumed 

governments were engaged in a two-dimensional tax competition and having estimated 

the slopes of reaction functions, found evidences of countries competing over both 

EMTR and  STR. They documented strategic interaction only between open economies 

with no capital controls.  

 

Finally, Brueckner (2003) also distinguishes one more, restricted though; category of 

tax competition models; that of the vertical-interaction models, which explore 

interaction issues among governments taxing at various levels a common tax base. In 

this category Brueckner (2003) classifies studies such as: Besley and Rosen (1998), 

Goodspeed (2000), Hayashi and Boadway (2001), etc. 

 
Considering the category of Applied Tax (competition or coordination) General 

Equilibrium Models, we distinguish in the recent applied tax literature the group  of 

applied computable general equilibrium (CGE) models that discuss directly (e.g., 

TAXCOM and CORTAX) or indirectly (e.g., EUTAX and OECDTAX) the issue of tax 

competition. This class of tax CGE models employs extended and rather complex sets 

of theoretical equations which are built under restrictive, theoretical, neoclassical, 

micro-economic, optimisation assumptions.  In such a framework, and also on a general 

equilibrium basis, the CGE Tax models compute elasticities for a wide range of 

economic and tax variables, bearing though the disadvantages accompanying CGE 

models as discussed in relevant literature96. The most important CGE Tax Models are: 

a. EUTAX model 
b. OECDTAX model 
c. TAXCOM model 
d. CORTAX model 
 
Below follows a description of the above models: 
                                                 
96 See relevant literature: Söderbaum (2000), Ackerman (2002), Grassini (2004), Barker (2004) 
etc.  
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a. The EUTAX model 

 

Sørensen (2000, 2001b) with the EUTAX and OECDTAX computable general 

equilibrium models simulates the effects of tax coordination in the EU and OECD, 

including pure profits. Sørensen’s models discuss various tax coordination plans, 

including full corporate tax rate harmonization and a minimum capital income tax rate. 

Sørensen’s model, is supportive of Sinn’s (1994) suggestion that tax competition is 

likely to limit the capacities of the EU countries to maintain current levels of income 

redistribution.The EUTAX model in Sørensen (2001) is an applied, static, general 

(long-run) equilibrium model, that describes the international spill-over effects of 

various forms of international tax coordination. It refers to economies of the EU and the 

interaction between the EU and the OECD countries. 

 

b. The OECDTAX model 

 

The OECDTAX model developed in  Sørensen (2001a, 2002), is an applied, static, 

stationary (long-run), general equilibrium model. OECDTAX model is constructed to 

describe the international spillover effects that arise due to national tax policies and, 

discusses on the likely effects in OECD countries from international tax coordination. It 

also refers to the labor factor and the respective tax effects. Actually, extends the 

EUTAX model presented in Sørensen (2001b). Among the distinguishing features of 

the OECDTAX model are; the consideration for private portfolios, the consideration for 

the housing market and the discussion of the corporate financial policy implications. 

Furthermore, the OECDTAX model encompasses the financial sector and distinguishes 

between FDI and foreign portfolio investment. It is noteworthy that, there is not a direct 

discussion for tax competition implications in both the OECDTAX & EUTAX models. 

 

c. The TAXCOM model 

 

Sørensen (2004) introduces the TAXCOM model as an applied, static, stationary (long-

run) general equilibrium model97. The model discusses the tax competition issues (e.g. 

labour taxes, taxes on capital and taxes on profits) in a framework including 

                                                 
97 Technical details included in Sørensen (2000) technical working paper. 
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households, firms and governments that look forward to optimize their social welfare. 

The author documents that, tax competition for mobile capital make governments 

inefficient to redistribute income from rich to poor. The TAXCOM model highlights 

the distinction between the global and the regional tax coordination. That means, the 

welfare gains from regional capital income tax coordination are expected to constitute 

only a small fraction of the gain from global coordination, when there is capital 

mobility between the tax union and the rest of the world. 

 

d. The CORTAX model  

 

The CORTAX model98 is actually the most recent model in the category of the applied 

general-equilibrium, tax-competition models. It constitutes an applied, computational, 

general-equilibrium model that describes tax-interaction issues among the 27 countries 

of the European Union, plus the US and Japan. The CORTAX model analyses tax 

competition issues, shedding light on the economic and welfare implications of tax 

rate’s reforms. Furthermore, it is designed to simulate economic implications of both 

unilateral and multilateral corporate tax policies, in a set of countries where the 

governments disregard tax setting optimization practices. The CORTAX analysis is not 

concerned with governments’ strategic interactions and leviathan behaviour. The 

governments in the CORTAX analysis context, compete in a way to retain their 

solvency and also, to offset likely corporate tax revenue reductions with alternative 

sources of finance or, reductions in alternative income transfers. This model is heavily 

inspired by the CGE models of Sørensen (2001; 2004). Was initially constructed by 

Bettendorf et al. (2006). A detailed description of the structure and parameterisation of 

the model can be found in Bettendorf and van der Horst (2008). An earlier version of 

CORTAX was used for European tax policy analysis in Bettendorf et al. (2006, 2007) 

and Van der Horst et al. (2007). Next studies that developed further or applied the 

CORTAX are the following: 

 

De Mooij and Deveruex (2009) apply the CORTAX model assuming government 

actions to be exogenous. The government does not optimize its policies and the model 

                                                 
98 A thorough analysis is included in  Bettendorf et al. (2006). 



Chapter 6:   A Game-Based Corporate Income Tax Competition Model  
 
 

 
 
Ph.D Thesis by Anastasios Saraidaris 

237

simply modifies exogenous tax and expenditure parameters. In performing simulations 

with CORTAX, the authors keep the government budget balanced.  

 

De Mooij and Deveruex (2009) apply the CORTAX model to assess the quantitative 

impact of two corporate tax reforms, which account for a differential treatment of debt 

and equity, namely; the allowance for corporate equity and the comprehensive business 

income tax. According to the findings of the study, if governments adjust their statutory 

corporate tax rates to balance their budget, the profit shifting options and discrete 

location choices, render comprehensive business income taxation more attractive for 

most individual European countries. On the contrary, the coordination of the EU 

countries’ tax rates makes the joint allowance for corporate equity more efficient, 

whereas, the joint comprehensive business income taxation becomes less efficient. The 

authors conclude that, a combination of the above strategies should be welfare 

improving. 

 

Bettendorf et al. (2009), applying the CORTAX model assessed the economic 

implications of consolidation with formula apportionment in the European Union under 

alternative cooperation agreements. They found that the consolidation option is likely 

to yield a small aggregate welfare gain in Europe, but not for all the EU countries. They 

concluded that a coalition of similar countries (in terms of size of their multinational 

sector) is more likely to reach an agreement and, therefore, it would be a preferable 

option for these countries compared to the option for a European-wide reform. 

 

Bettendorf et al. (2010) use the CORTAX model to explore the economic consequences 

of the proposed in EU reforms for a common consolidated corporate tax base 

(CCCTB). The reforms replace separate accounting with formula apportionment as a 

way to allocate corporate tax bases across countries. The findings suggest that 

consolidation does not yield substantial welfare gains for Europe. The effects vary 

significantly across countries and depend on the choice of the apportionment formula. 

Consolidation with formula apportionment does not weaken incentives for tax 

competition. Tax competition instead offers a rationale for rate harmonization, in 

addition to base harmonization. 
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6. 3   A Game-Based Computational Model for Corporate Income Tax 
Competition  

 
Equipped with the models that have been empirically calibrated in the Chapters 3, 4 & 

5, we below describe a sequential, non-cooperative tax policy game. In this game, the 

12 competing countries will seek to optimize their CTR and GDP growth by adjusting 

their EATR in a way to attract the occasionally needed amount of FDI inflows. The 

model described here was developed in Hristu-Varsakelis, Karagianni and Saraidaris 

(2010) and will be presented below in the shake of completeness. We note here that the 

economic growth-corporate tax revenues linear model in Chapter 4 is not explicitly 

included as a second restrictive (optimization) function in the two equations system of 

the FDI inflows responses and corporate income tax revenues, which actually constitute 

the basis of the computational tax competition game. This is because economic growth 

is found to be determined linearly by corporate income tax revenues and hence, 

implicitly (see justification in the Figure 4.1) is assumed to be optimized at the same, 

with corporate income tax revenues, levels of corporate tax rates.  We begin by 

discussing the mechanics of our model.  

 

For the shake of homogeneity in symbolizations, in the following computational model 

we will define the Corporate Income Tax Revenues as: CTRi, the Foreign Direct 

Inflows as FDI i, the Effective Average Tax Rates as EATRi, and the  Tax Rates as TRi . 

Each competing country i, actually follows the objective function that is set by the 

country-specific corporate tax revenue Equation 3.199. In this part of the study we 

employ thus, the CTR parabolic model calibrated in the Chapter 3, borrowing also the 

estimated elasticities c1 and c2it, from the Equation 3.2 (see Table 3.7).  In Equation 

(3.2) it is evident that, the term c2it, which accounts for the parabolic feature of the 

described relationship, varies among the country-players. In the context of the 

computational game discussed here, each country considering the other competitors’ 

behaviour, acts selfishly, as to optimise its CTRi, when this is being determined by the 

following equation: 

2
0 1 2 3( ) ( ) ,  1,...,12,

(0, )

it it it it it t

t u

CTR c c TR c TR c FDI u i

u N σ

= + + + + =

∼
                       (6.1) 

                                                 
99 See Figure 3.3. 
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The Equation 6.1 above, results from the Equation 3.2 when excluding the variables 

other than the Tax Rates and the FDI. This is essential in order to circumvent all 

unnecessary complexities in the computational model construction. Actually, the 

inclusion of an extended set of exogenous variables in the computational model, 

whereas, it would complicate largely the numerical experiments, it would contribute 

trivially to the accuracy of the estimations. Moreover, it is evident from the Table 3.7 

that the CTRi  to a large extend is determined by the Tax and the FDI inflow 

variables100.  

 

In the context of the tax-competition computational game, the FDI inflow for each 

competitor country depends on the tax rates’ policy followed by the counterparties. 

Actually, the FDI inflows respond to the corporate tax rates’ differential changes in a 

way which is described by the Equation 5.1 which actually illustrates the relationship of 

the FDI inflow differentials with the corporate income tax rate differentials.101  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
 

                                                 
100 In the Table 3.7 of Chapter 3 we notice that, the determinant power of the selected Model 2 is only 

marginally  increased when including additional  control variables. 
101 See Chapter 5 for detailed discussion. 
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Figure 6.1: The Corporate Income Tax Competition Conditions 
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The Figure 6.1 shows the corporate income tax competition triggering conditions. 

When countries find themselves in the position ‘A’, they have no reason to move to 

increasing their corporate Tax Rates (TR). Instead, they prefer decreasing their TR 

when: 
CTR CTR
TR FDI

<
∂ ∂   
∂ ∂ and benefit from the FDI flow incoming in counties and broaden 

their income tax bases. In the grey area, on the right of  the position ‘A’, countries loose 

both in terms of CTR coming from their domestic corporate sector, as well as, in terms 

of FDI inflows. Hence, they have no reason to set their TR in the grey area. When the 

TR are set to TRB, countries receive higher corporate income tax revenues on an 

aggregate (
CTR CTR
TR FDI

+
∂ ∂  
∂ ∂ ) scale. 

Obviously, the behavior of a large country resembles that of a small one, while it 

follows the same pattern, but on a different scale, of corporate income tax revenues 

maximization conditions. 
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6.3.1 The World FDI Inflow Distribution in a  Probabilistic Model   

 
The Equation 5.1 illustrates the non linear reaction function of the FDI inflow 

differentials to the corporate tax rate differential changes for a pair of countries i, j at 

time t. Actually, whereas it uncovers the non linear feature in this relationship it does 

not add much in a corporate tax competition context, which is basically the reason for 

the set up in the form of differentials in the empirically calibrated models of Equation 

5.1 in Chapter 5. Subsequently, to investigate on a corporate tax competition 

framework we need additionally, to employ the Equation 5.1 in an equations’ system 

along with Equation 3.2 and Equation 4.10. In such a framework, Equation 3.1 will 

then serve as the country-specific objective function that each competing for FDI 

inflows country, will strive to optimize.  

In other words, in this section we will attempt to encompass the FDI differential inflow 

Equation 5.1 and the CTR country-specific objective functions of Chapter 3, into a 

computational model in which, the likely changes in one country’s EATR will affect 

simultaneously the counterparties’  probability to receive a unit of FDI inflow.  

 

For this purpose, we initially employ Equation 5.1 as the basis to create the set of 

equations for the couples of competing countries in the group of the 12 OECD 

countries. The constructed system of equations will include 66 couples102 of countries 

competing for the N=12 FDI inflows. Apparently, the system of equations will be an 

over-determined one with no solution.  In order to overcome this problem, we will 

employ Equation 5.1, in a probabilistic model which will be constructed following a 

continuous time Markov chain process103 for the world FDI inflow conditional 

distribution probability. In this model, we will assume a fixed amount of the world FDI 

inflow to be distributed each time among the 12 countries. Particularly, for a certain 

amount of a total FDI inflow-which will be available in a word scale for a specific time 

period104- each unit of the total FDI inflow will be distributed to the country i  with  a 

probability ix .   

                                                 
102 If we denote with N the number of involved countries, N=12 in this game and  therefore, there are 

N*(N-1)/2==12*(12-1)/2=66 pairs of countries. 
103 See William J. Stewart (1994). 
104 We do not allow for the time dimension in this model. 
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As results from Equation 5.1, it is reasonable to expect this probability to be  higher for 

countries that have low EATR levels. Nevertheless, this is a rather simplistic 

assumption since, the countries’ best practice in determining their optimal EATR 

levels, will be determined by both their CTR objective functions and also, their 

competitors’ strategy. Therefore, the distribution of the probabilities ix  in the group of 

competing countries will be changing with the alterations in  the total available FDI 

inflow amount, forcing consequently the countries to re-adjust their competing strategy.  

 

Following Hristu-Varsakelis, Karagianni and Saraidaris (2011), we will assume here 

that the ija denotes the rate, at which the probability ix  of a country i to capture a unit 

of total FDI inflows, more than countryj . The rate ija  is assumed to be proportional to 

the right-hand side of Equation 6.1 i.e., the deterministic part of the FDI differential 

flows model, which for the needs of the probabilistic model will be exponential of the 

following form105:  

                                       , , = 1,..., , 12

2
0 1 2 3 ln /

 

 

,=
it jt

i j i j N N

GDP GDP

ij

b bTR b TR bijt ijta ke
      

≠ =

+ + +

                    (6.2) 

Where, k  is a positive constant and the coefficients 0 3,...,b b  are “borrowed” from 

Regression 2 of Table 5.4 that was empirically calibrated for the needs of the discussion 

in Chapter 5. Naturally, Equation 6.2 illustrates the probability of a new unit of FDI 

inflow to be captured by country i versus the country  j.  Based on the rates ija  being 

estimated in Equation 6.2, the probabilities ix  for the N countries will change according 

to the following linear differential equation: 

       /i ij jdx dt a x= ,                                                      (6.3) 

which in a single vector equation, takes the form: 

                         Ax
dt

dx
= ,                                                                  (6.4) 

Where:                                       [ ] =ij ijA a  for ji ≠ , i,j=1,…,N ,N=12  

                                                 
105 TRijt denotes the differential: EATR EATRi j t

 
  
 

−  
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The matrix A  is  a matrix whose elements are the rates ija . It is an intensity matrix106, 

where all the off-diagonal elements are positive, and the column-sums are equal to zero, 

so that at the equilibrium state, Equation 6.4 preserves the same probability because all  

probabilities ix  remain positive, with a constant sum (equal to one). By definition, the 

matrix A  will have only one zero eigenvalue, whereas the rest eigenvalues will have 

negative real parts: 

 

=1,
[ ] =

N

ij jij i j
A a

≠
−∑ ,   i,j=1,…,N ,   N=12                                   (6.5) 

 

As results by Equation 6.4, there will be only one equilibrium for the vector,x , in the 

space of probability vectors, whatever is the starting point of the game. Explicitly, 

regardless the initial conditions, the unique solution of Equation 6.4, will allways 

converge to the probability vector,x ,which is parallel to the eigenvector in matrix A  

with zero eigenvalue. 

 

This equalibrium state will illustrate the distribution (on average terms) of the total FDI 

inflow probabilities in the group of the 12 competing countries, after having set their 

EATR levels earlier on. Consequently, if we indicate as FDI the total FDI inflow 

amount for which the 12 countries compete, then the vector FDI * x  would correspond 

to the FDI inflow amount that the competing countries expect to receive, for the given 

levels of their EATR.  

 

Concluding, we highlight the point that the above FDI probability distribution model, 

does not allow for capturing bilateral FDI flows between the competing countries.107  

On the contrary, it allows for the FDI probability distribution among the 12 competing 

countries. Additionaly, this game evolves in a non-dynamic competition context where, 

the dimension of  time is not considered as changing. 

 

 
 

                                                 
106 See R. Syski (1992). 
107 In a departure from the usual practice in the literature that discusses FDI competition. 
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6.3.2 The Corporate Income Tax Competition Game  

Below we denote with totFDI  the sum of total FDI inflow for which the 12 OECD 

countries compete. Having specified earlier (in Chapter 3) the competing countries' 

iCTR objective functions and their initial iEATR values ( =1,...,i N =12), the countries 

engage in the following computational game, from Hristu-Varsakelis, Karagianni and 

Saraidaris (2011):   

1. Repeat  

2.  For  (Each country,=1,...,i N =12, enters the game in random order) 

3.  We use Equation 6.2 and Equation 6.3 to determine the intensity matrix A  given the 

competing countries' iEATR. We compute the steady-state probabilities,x ,of each 

country receiving one FDI unit, from Equation 6.4, for any initial condition for x . 

The choice of the constant k in Equation 6.1 does not affect the steady-state of 

Equation 6.4. 

4. We compute the FDI levels that each country is expected to capture, while: 

=i tot iFDI FDI x⋅  and, =1,...,i N =12.  

5.    We find the iEATR levels that maximize the equation:             

2
0 1 2 3( ) ( ) ,  1,...,12,it it it it it tCTR c c EATR c EATR c FDI u i= + + + + =  

       having treated c0 ,ut= 0,  FDI i  , and t as fixed. 

6.    End For 

7.   Until (We repeat until all countries’ iEATR do not change compared to the last 

iteration)  

We set realistic constraints as to the upper and lower bounds of  the iEATRlevels, in 

order no competing country to be able to set its EATR at levels outside this range:  

max = 65%= 6% , = 1,..., 12min i EATREATR EATR i N≤ ≤ =                        (6.6) 

As we will discuss in details below, the described computational game may 

occasionally reach to states of multiple equilibriums (e.g. scenarios 2 & 3 in Section 

6.5). Actually, this is the case when there are particular changes in the initial conditions 

(amount of total FDI inflows) along with changes of the order in which the large 

countries-competitors  take their turn in the game. 
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6.4 Discussion  
 
Using MATLAB code, developed for Hristu-Varsakelis, Karagianni and Saraidaris 

(2011), we simulated the game described in Section 6.3. In this game the 12 OECD 

countries were allowed to optimize their corporate income tax revenue (Equation 3.2) 

by adjusting their EATR, competing for the world FDI inflow amount.  

We start with “running” the algorithm in Equation 6.3 until we reach an equilibrium in 

the game. The latter is achieved  within two to three turns of the process described in 

the Section 6.3.2. Results are summarized in the Table 6.1 below which shows-inter 

alia-the optimal EATR levels for the CTR maximization and the corresponding fraction 

of the total FDI captured by each country.  

 

As the game’s equilibrium (Nash equilibrium) we  define here the situation where; no 

country can be better off by unilaterally changing its tax rate under specific 

circumstances (e.g. given the amount of total FDI inflows and also the other 

competitors’ CTR objective functions).  

 

 
TABLE 6.1:    Optimal EATR levels for the CTR maximization. The 12 OECD countries compete in the 

FDI distribution game for a world  FDI inflow equal to 544.533 mil USD (year 2005). 

 
  Country  EATR 

for the 
2005 
CTR 
maximi
zation 
with no 
competi
tion (a) 

EATR 
2005 
values 
 
 
 
 

 
(b) 

 2005 
Total 
FDI 
inflows 
fraction  
captured 
 
 
(c) 

 

Optimal 
EATR at 
equilibrium 
 
 
 
 
 

(d) 

 Total FDI 
fraction 
captured at 
equilibrium  
 
 
 
 

(e) 

 CTR at 
equilibrium 
(in 1011USD)  
 
 
 
 
 

(f) 

 

 Canada  
0.273 

  
0.2843 

↑↑↑↑ 0.0531 0.244 ↓↓↓↓ 0.1015 ↑↑↑↑ 0.3847 ↑↑↑↑ 

 France  
0.286 

  
0.2539 

↓↓↓↓ 0.1489 0.242 ↓↓↓↓ 0.1526 ↑↑↑↑ 0.5767 ↑↑↑↑ 

 Germany  
0.317 

  
0.3150 

↓↓↓↓ 0.0659 0.269 ↓↓↓↓ 0.1559 ↑↑↑↑ 0.7752 ↑↑↑↑ 

 Greece  
0.271 

  
0.2061 

↓↓↓↓ 0.0011 0.261 ↑↑↑↑ 0.0348 ↑↑↑↑ 0.2105 ↑↑↑↑ 

 Italy  
0.312 

  
0.2602 

↓↓↓↓ 0.0367 0.276 ↑↑↑↑ 0.1134 ↑↑↑↑ 0.6492 ↑↑↑↑ 

 Japan  
0.549 

  
0.3170 

↓↓↓↓ 0.0051 0.493 ↑↑↑↑ 0.0337 ↑↑↑↑ 1.8842 ↑↑↑↑ 

 
Netherlands   0.269 

  
0.2512 

↓↓↓↓ 0.0761 0.249 ↓↓↓↓ 0.0693 ↓↓↓↓ 0.2838 ↑↑↑↑ 
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 Portugal  
0.257 

  
0.2021 

↓↓↓↓ 0.0073 0.248 ↑↑↑↑ 0.0329 ↑↑↑↑ 0.1235 ↑↑↑↑ 

 Spain  
0.263 

  
0.2611 

↓↓↓↓ 0.0459 0.233 ↓↓↓↓ 0.1082 ↑↑↑↑ 0.3403 ↑↑↑↑ 

 Sweden  
0.299 

  
0.2089 

↓↓↓↓ 0.0187 0.286 ↑↑↑↑ 0.0406 ↑↑↑↑ 0.4000 ↑↑↑↑ 

 UK  
0.287 

  
0.2392 

↓↓↓↓ 0.3557 0.243 ↑↑↑↑ 0.1548 ↓↓↓↓ 0.5893 ↑↑↑↑ 

 US  
0.688 

  
0.2904 

↓↓↓↓ 0.1855 0.650 ↑↑↑↑ 0.0021 ↓↓↓↓ 2.6747 ↑↑↑↑ 

 
Note for symbols:  (↑↑↑↑) stands for an increase, (↓↓↓↓) stands for a decrease, between the equilibrium state 

values and the values of the year 2005. 
 

In Table 6.1, we first note that all countries- with the exemption of Canada-have set 

their EATR 2005 values (column b) at lower levels comparatively to these 

corresponding to their CTR maximization (case of no tax competition-column a). 

Such a behaviour indicates that the 12 OECD countries are highly concerned with the 

FDI inflows and the corresponding corporate tax competition. Furthermore, when we 

compare the column b with the column d, there is found a clear evidence of a yardstick 

competition. The 12 OECD countries seem to compete hard for the worldwide FDI 

inflows in the light of optimizing their corporate income tax revenues. Comparing 

finally all columns a, b and d, we extract the surprising finding that the countries: 

Greece, Italy, Japan, Portugal, Sweden and the UK have set their EATR 2005 values 

below their optimal (for their CTR maximization)108 EATR levels, in such a way that 

they were losing both in terms of FDI competitiveness and also, in terms of corporate 

income tax revenues!  

Subsequently, the countries: Greece, Italy, Japan, Portugal, Sweden and the UK, as 

regards the optimal settings for the world FDI inflow of 2005, will benefit by 

increasing (instead of decreasing) the EATR values of 2005. A possible explanation 

could be that the above countries, due to either a yardstick competition or to political 

pressures in the interior of the countries, have inappropriately set their EATR 2005 

values at levels lower than needed for their CTR maximization. 

Concerning the countries: France, Germany, Spain and Netherlands, they will benefit 

by decreasing their EATR 2005 values (which are already lower comparatively to those 

of column a). Doing so, they will be better off in terms of FDI inflows109 to an extend 

                                                 
108 With and without competition. See columns a & d. 
109 A slight decrease in FDI inflows there will be for Netherlands. 
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that their corporate tax revenues will increase-on aggregate terms-despite the initially 

incurred lose from the negative direct EATR effect on CTR.  

 

Furthermore, the US will benefit by increasing their EATR 2005 values towards the 

levels corresponding to CTR optimization values. This will be the aggregate outcome 

of the positive effect of the EATR increase on CTR and the negative effect of the loss 

in FDI competitiveness.  

 

Finally, Canada–the only country having the EATR 2005 values higher than these of 

the no competition case in column a-will benefit by decreasing its’ EATR 2005 

values110. In that way Canada will be better off both in terms of the direct effect of 

EATR on the CTR and also, from the FDI inflows contribution to the CTR. 

 

Below, follows a detailed discussion of alternative corporate tax competition scenarios 

on differing (to the baseline world FDI inflows level for the year 2005) FDI total inflow 

values. Since the world (total) FDI inflows are increasing constantly during the period 

of study (1982-2005), we assume that in a static competition game framework the total 

FDI inflows will be increased from 1.5 to 2.5 times the values of the baseline year 

2005.  

 

 

 

 

 

 

 

 

 

 

 

 

 

                                                 
110 Which in any case were higher than needed for a CTR optimization. 
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Scenario 1: The 12 OECD countries compete in the FDI distribution game for a world  

FDI inflow increased by 1.5 times compared to the amount of 2005 . 

 
 

TABLE 6.2: Optimal EATR levels for the CTR maximization. Total FDI inflows equal 1.5 times 

 the    baseline year 2005. 

 
  Country  Optimal 

EATR at 
equilibrium 

 Fraction of  the 
total FDI 

captured at 
equilibrium 

 CTR at 
equilibrium  

(in 1011USD) 

 

 Canada  0.232 ↓↓↓↓ 0.0971 ↓↓↓↓ 0.4830 ↑↑↑↑ 
 France  0.219 ↓↓↓↓ 0.1548 →→→→ 0.7334 ↑↑↑↑ 
 Germany  0.245 ↓↓↓↓ 0.1591 →→→→ 0.9389 ↑↑↑↑ 
 Greece  0.257 ↓↓↓↓ 0.0320 →→→→ 0.2434 ↑↑↑↑ 
 Italy  0.260 ↓↓↓↓ 0.1110 →→→→ 0.7628 ↑↑↑↑ 
 Japan  0.447 ↓↓↓↓ 0.0493 →→→→ 1.9097 ↑↑↑↑ 
 Netherlands    0.241 ↓↓↓↓ 0.0650 ←←←← 0.3497 ↑↑↑↑ 
 Portugal  0.245 ↓↓↓↓ 0.0300 ←←←← 0.1542 ↑↑↑↑ 
 Spain  0.220 ↓↓↓↓ 0.1039 ←←←← 0.4445 ↑↑↑↑ 
 Sweden  0.281 ↓↓↓↓ 0.0376 ←←←← 0.4386 ↑↑↑↑ 
 UK  0.218 ↓↓↓↓ 0.1588 →→→→ 0.7502 ↑↑↑↑ 
 US  0.650 ↑↑↑↑ 0.0013 ←←←← 2.6744 - 

 
Note for symbols:  (↑↑↑↑) stands for an increase, (↓↓↓↓) stands for a decrease, (→→→→) stands for a slight increase, 

(←←←←) stands for a slight decrease, (-) stands for no change, relatively to the values of 
the year 2005. 

 

 

In this case we note that the 12 OECD competing countries maximize their CTR by 

lowering their EATR values comparatively to the optimal EATR at equilibrium values 

for the year 2005 (Table 6.1). It is also noticeable that, the fraction of FDI captured 

remain stable for almost all countries. 
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Scenario 2: The 12 OECD countries compete in the FDI distribution game for a total 

FDI inflows amount increased by 2.5 times compared to the amount of 

2005. Also,  Germany chooses to move first (first equilibrium scenario).   

 

TABLE 6.3: Optimal EATR levels for the CTR maximization. Total FDI inflows equal 2.5 times the 

baseline amount (year 2005). Germany moves first. 

  Country  Optimal 
EATR at 

equilibrium 

 Fraction of  
the total FDI 

captured at 
equilibrium 

 CTR at 
equilibrium  

(in 1011USD) 

 

 Canada  0.212 ↓↓↓↓ 0.0759 ↓↓↓↓ 0.5538 ↑↑↑↑ 
 France  0.184 ↓↓↓↓ 0.1319 ↓↓↓↓ 0.8656 ↑↑↑↑ 
 Germany  0.060 ↓↓↓↓ 0.3611 ↑↑↑↑ 1.5228 ↑↑↑↑ 
 Greece  0.250 ↓↓↓↓ 0.0227 ↓↓↓↓ 0.2610 ↑↑↑↑ 
 Italy  0.225 ↓↓↓↓ 0.0931 ↓↓↓↓ 0.8426 ↑↑↑↑ 
 Japan  0.529 ↑↑↑↑ 0.0024 ↓↓↓↓ 1.8411 ←←←← 
 Netherlands    0.228 ↓↓↓↓ 0.0485 ↓↓↓↓ 0.3923 ↑↑↑↑ 
 Portugal  0.240 ↓↓↓↓ 0.0213 ↓↓↓↓ 0.1724 ↑↑↑↑ 
 Spain  0.202 ↓↓↓↓ 0.0805 ↓↓↓↓ 0.5213 ↑↑↑↑ 
 Sweden  0.270 ↓↓↓↓ 0.0264 ↓↓↓↓ 0.4535 ↑↑↑↑ 
 UK  0.182 ↓↓↓↓ 0.1361 ↓↓↓↓ 0.8870 ↑↑↑↑ 
 US  

0.650 - 0 - 2.6692 ←←←← 
Note for symbols:  (↑↑↑↑)  stands for an increase, (↓↓↓↓) stands for a decrease, (→→→→) stands for a slight increase, 

(←←←←) stands for a slight decrease, (-) stands for no change, relatively to the values of 
the year 2005. 

 

The scenario 2 and the following scenario 3, are both concerned with the existence of 

multiple equilibriums in the tax competition game. More specifically, in the scenario 2 

we assume that FDI inflows is increased by 2.5 times compared to the FDI inflows 

amount of  the baseline year 2005, and we run the competition game of Section 6.3.2 to 

identify the game’s equilibriums in the case that Germany is the country that chooses to 

move first minimizing its EATR. Results of scenario 2 are summarized in Table 6.2. 

We note that all countries but Japan and the US respond similarly. They all choose to 

follow Germany by reducing their EATR, managing so to increase their CTR at 

equilibrium. It is noteworthy that, Japan and US choose to increase or retain 

respectively their EATR values and resign from the FDI competition, keeping though 

their CTR unchanged comparatively to the levels of the baseline year 2005. It is evident 

that both Japan and US decide  that it is not advantageous for them to compete 

aggresively with German and the rest OECD countries for FDI.  
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Scenario 3: The 12 OECD countries compete in the FDI distribution game for a total 

FDI inflows amount increased by 2.5 times compared to the amount of the 

year 2005. Also, the US chooses to move first (second equilibrium 

scenario).   

TABLE 6.4:  Optimal EATR levels for the CTR maximization. Total FDI inflows equal 2.5 times  the 

baseline. The US  moves first.   

  Country  Optimal 
EATR at 

equilibrium 

 Fraction of  
the total 

FDI 
captured at 
equilibrium 

 CTR at 
equilibrium  

 (in 
1011USD) 

 

 Canada  0.235 ↓↓↓↓ 0.0418 ↓↓↓↓ 0.3790 ←←←← 
 France  0.226 ↓↓↓↓ 0.0657 ↓↓↓↓ 0.5715 ←←←← 
 Germany  0.243 ↓↓↓↓ 0.0698 ↓↓↓↓ 0.7625 ←←←← 
 Greece  0.258 ↓↓↓↓ 0.0136 ↓↓↓↓ 0.2065 ←←←← 
 Italy  0.259 ↓↓↓↓ 0.0475 ↓↓↓↓ 0.6334 ←←←← 
 Japan  0.539 ↓↓↓↓ 0.0011 ↓↓↓↓ 1.8363 ←←←← 
 Netherlands    0.244 ↓↓↓↓ 0.0277 ↓↓↓↓ 0.2786 ←←←← 
 Portugal  0.246 ↓↓↓↓ 0.0129 ↓↓↓↓ 0.1209 ←←←← 
 Spain  0.226 ↓↓↓↓ 0.0443 ↓↓↓↓ 0.3359 ←←←← 
 Sweden  0.281 ↓↓↓↓ 0.0154 ↓↓↓↓ 0.3911 ←←←← 
 UK  0.226 ↓↓↓↓ 0.0670 ↓↓↓↓ 0.5844 ←←←← 
 US  0.060 ↓↓↓↓ 0.5932 ↑↑↑↑ 3.1033 ↑↑↑↑ 

   Note for symbols:  (↑↑↑↑) stands for an increase, (↓↓↓↓) stands for a decrease, (→→→→) stands for a slight 
increase, (←←←←) stands for a slight decrease, (-) stands for no change, relatively to the 
values of the year 2005. 

 

In this scenario, the total FDI increases by 2.5 times from the level of the baseline year 

2005 and also, the US moves first in minimizing its EATR. The group of the rest 

OECD competing countries follows the US in reducing its EATR but, obviously fall 

short to compete effectively. The rest of the countries lose in terms of both the total FDI 

fraction captured and also, their CTR values relatively to the baseline year 2005.   

 

From the numerical experiments of the scenarios 2 and 3 above, it is documented that a 

country’s competing strategy relies heavily not only on its economic characteristics  but 

also, on the choices that other competitor countries have already made. Evidently, the 

sequence in which “large” countries take turns in the game is rather critical. 

Additionally, it can be safely argued that, as the amount of the available total FDI 

increases, the competing countries will be more willing to lower their EATR to the 

minimum possible levels due to the important role that even a small fraction of the total 
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FDI will then play. Neverthelles, there will be needed an extremely high amount of  

total FDI inflows (more that 50 times the value of year 2005) in order all countries to 

meet each other to the minimum EATR  level (i.e. 6% for this study) . 

 

Scenario 4: The 12 OECD countries compete for a total FDI inflow amount 1.5 times 

increased compared to the amount of the year 2005 and,  the “large” 

countries eg., the US, Japan, Germany, France and the UK,  conspire to 

keep their EATR at the minimum level (6%).  

 

TABLE 6.5:  Optimal EATR levels for the CTR maximization. The US, Japan, Germany, France and the 

UK, conspire to keep their EATR at the minimum allowed level (6%).  The total FDI inflows equal  1.5 

times  the baseline (year 2005). 

 
  Country  Optimal 

EATR at 
equilibrium 

 Fraction of  
the total FDI 

captured at 
equilibrium 

 CTR at 
equilibrium  

(in 1011USD) 

 

 Canada  0.256 ↑↑↑↑ 0.0210 ↓↓↓↓ 0.2113 ↓↓↓↓ 
 France  0.060 ↓↓↓↓ 0.1165 ↓↓↓↓ 0* ↓↓↓↓ 
 Germany  0.060 ↓↓↓↓ 0.1374 ↓↓↓↓ 0* ↓↓↓↓ 
 Greece  0.265 ↑↑↑↑ 0.0073 ↓↓↓↓ 0.1483 ↓↓↓↓ 
 Italy  0.290 ↑↑↑↑ 0.0197 ↓↓↓↓ 0.4423 ↓↓↓↓ 
 Japan  0.060 ↓↓↓↓ 0.1848 ↑↑↑↑ 0* ↓↓↓↓ 
 Netherlands    0.257 ↑↑↑↑ 0.0146 ↓↓↓↓ 0.1636 ↓↓↓↓ 
 Portugal  0.252 ↑↑↑↑ 0.0072 ↓↓↓↓ 0.0664 ↓↓↓↓ 
 Spain  0.246 ↑↑↑↑ 0.0231 ↓↓↓↓ 0.1594 ↓↓↓↓ 
 Sweden  0.292 ↑↑↑↑ 0.0073 ↓↓↓↓ 0.3237 ↓↓↓↓ 
 UK  0.060 ↓↓↓↓ 0.1188 ↓↓↓↓ 0* ↓↓↓↓ 
 US  0.060 ↓↓↓↓ 0.3423 ↑↑↑↑ 0.5244 ↓↓↓↓ 

 
Note for symbols:  (↑↑↑↑) stands for an increase, (↓↓↓↓) stands for a decrease, (→→→→) stands for a slight increase, 

(←←←←) stands for a slight decrease,  (-) stands for no change, relatively to the values of 
the Table 6.2. (*) Where “0” is an approximation for very low CTR values. 

 
 
The scenario 4 discusses the  situation where some large countries in the group of 12 

OECD countries eg. the US, Japan, Germany, France, and the UK, conspire to keep 

their EATR at the minimum allowed level (6%). Table 6.5 shows the games’ 

equillibrium for an FDI level of 1.5 x its baseline (year 2005) value. We run this 

scenario in order to investigate  an environment where the amount of total FDI inflows  

is large enough to entice some large countries to overlook  tax revenues collected from 

their domestic corporate sector, in exchange for more FDI inflows. Taking into 
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consideration the Figures 3.2 and 3.3 that refer to the countries’ CTR objective 

functions in conjunction with the CTR at game’s equilibrium values of Table 6.5, we 

expect that conspiracy cannot  represent a steady condition. Evidently, in comparison 

with the CTR values of Table 6.2, where the 12 OECD countries compete freely, every 

conspirator in this scenario  is worse off. Subsequently, if a conspirator country chooses 

to “betray” the others and compete freely, will be better off in terms of its  CTR level.   

 
 
 
Scenario 5: The 12 OECD countries compete for total FDI inflows equal 1.5 times the 

FDI inflows of year 2005 and,  the “large” countries eg. US, Japan, 

Germany, France, and the UK decide to optimize their EATR by ignoring 

FDI.   

 

TABLE 6.6:  Optimal EATR levels for the CTR maximization. The US, Japan, Germany, France and the 

UK, decide to optimize their EATR by ignoring FDI.The total FDI inflows equal 1.5 times  the baseline 

(year 2005). 

 
  Country  Optimal 

EATR at 
equilibrium 

 Fraction of  
the total FDI 

captured at 
equilibrium 

 CTR at 
equilibrium  

(in 1011USD) 

 

 Canada  0.225 ↓↓↓↓ 0.0930 ←←←← 0.4526 ↓↓↓↓ 
 France  0.286 ↑↑↑↑ 0.0934 ↓↓↓↓ 0.5855 ↓↓↓↓ 
 Germany  0.318 ↑↑↑↑ 0.0874 ↓↓↓↓ 0.7549 ↓↓↓↓ 
 Greece  0.255 ↓↓↓↓ 0.0290 ↓↓↓↓ 0.2299 ↓↓↓↓ 
 Italy  0.248 ↓↓↓↓ 0.1066 ←←←← 0.7176 ↓↓↓↓ 
 Japan  0.549 ↑↑↑↑ 0.0031 ↓↓↓↓ 1.8423 ↓↓↓↓ 
 Netherlands    0.237 ↓↓↓↓ 0.0606 ←←←← 0.3266 ↓↓↓↓ 
 Portugal  0.243 ↓↓↓↓ 0.0275 ←←←← 0.1430 ←←←← 
 Spain  0.060 ↓↓↓↓ 0.3714 ↑↑↑↑ 0.5890 ↑↑↑↑ 
 Sweden  0.278 ↓↓↓↓ 0.0331 ←←←← 0.4184 ←←←← 
 UK  0.287 ↑↑↑↑ 0.0947 ↓↓↓↓ 0.5972 ↓↓↓↓ 
 US  0.650 - 0.0001 - 2.6695 - 

Note for symbols:  (↑↑↑↑) stands for an increase, (↓↓↓↓) stands for a decrease, (→→→→) stands for a slight increase, 
(←←←←) stands for a slight decrease, (-) stands for no change, relatively to the values of 
the Table 6.2. 

 

 

Alternatively to the scenario 4, we examine here the situation where the same collection 

of  large countries namely; the US, Japan, Germany, France, and the UK, collude  to 

optimize their EATR by ignoring the total FDI inflows  which amount to 150%  of the 
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year 2005 FDI inflows' level. In this scenario, the US appears to be indifferent, 

whereas, the other  four “conspirator” countries are worse off relatively to the scenario 

2 (Table 6.2), where they compete freely. Additionally, the countries out of the 

conspiracy group, lower their EATR and, in terms of both FDI and CTR, they are also 

(but the Spain) worse off relatively to the scenario 2. This scenario clearly shows that, 

when the world FDI inflow is a part of the corporate tax revenues’ game (as happens in 

reality), no country or a conspiracy of countries, can overlook the rules of the FDI 

competition without a cost in terms of losses in both the CTR and the FDI inflows' 

amount captured.   

 

Scenario 6: The 12 OECD countries compete for a total FDI inflows amount equals 1.5 

x the FDI inflows of the baseline year 2005 and, some “small” countries 

eg. Greece, Portugal and Spain, conspire to minimize their EATR in order 

to attract FDI.  

 

TABLE 6.7:  Optimal EATR levels for the CTR maximization. Greece, Portugal and Spain conspire to 

minimize their EATR in order to attract FDI.  Total FDI inflows equal 1.5 times the baseline. 

 
  Country  Optimal 

EATR at 
equilibrium 

 Fraction of  
total FDI 

captured at 
equilibrium 

 CTR at 
equilibrium  

(in 
1011USD) 

 

 Canada  0.232 - 0.0739 ↓↓↓↓ 0.3903 ↓↓↓↓ 

 France  0.222 →→→→ 0.1172 ↓↓↓↓ 0.5917 ↓↓↓↓ 

 Germany  0.239 ←←←← 0.1237 ↓↓↓↓ 0.7800 ↓↓↓↓ 

 Greece  0.060 ↓↓↓↓ 0.0890 ↑↑↑↑ 0* ↓↓↓↓ 
 Italy  0.254 ←←←← 0.0841 ↓↓↓↓ 0.6422 ↓↓↓↓ 

 Japan  0.541 ↑↑↑↑ 0.0014 ↓↓↓↓ 1.8348 ↓↓↓↓ 

 Netherlands    0.241 - 0.0488 ↓↓↓↓ 0.2852 ↓↓↓↓ 

 Portugal  0.060 ↓↓↓↓ 0.0785 ↑↑↑↑ 0* ↓↓↓↓ 
 Spain  0.060 ↓↓↓↓ 0.2378 ↑↑↑↑ 0.0556 ↓↓↓↓ 
 Sweden  0.280 - 0.0261 ↓↓↓↓ 0.3921 ↓↓↓↓ 
 UK  0.222 →→→→ 0.1195 ↓↓↓↓ 0.6052 ↓↓↓↓ 
 US  0.650 - 0 ↓↓↓↓ 2.6691 ↓↓↓↓ 

 
Note for symbols:  (↑↑↑↑) stands for an increase, (↓↓↓↓) stands for a decrease, (→→→→) stands for a slight increase, 

(←←←←) stands for a slight decrease, (-) stands for no change, relatively to the values of 
the Table 6.2. (*) Where “0” is an approximation for very low CTR values. 

 
 
In this scenario, we examine the situation where three of the smaller countries namely; 

Greece, Portugal and Spain, conspire by diminishing  their EATR in order to capture a 
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higher fraction of the total FDI inflows (the game CTR equilibrium values are shown in 

Table 6.7). From the numerical results we notice that, when Greece, Portugal and 

Spain, collude for a total FDI inflow which is increased by 150% to the FDI inflow 

amount in year 2005, are not better off. On the contrary, whereas they manage to 

capture a bigger portion of the total FDI, they lose in terms of CTR. Evidently, due to 

reasons related to country-specific characteristics (e.g. GDP, infrastructure, business 

environment, etc.), small countries are not better off when compete aggressively 

diminishing their EATR.   

 
 

6.5 Conclusions and Policy Considerations 
 
In this chapter we have proposed a game-based computational model to encompass a 

tax competition framework where, competing countries seek to maximize their 

corporate tax revenues by adjusting their corporate tax rates and their needs for FDI 

inflows. Numerical experiments using data from twelve OECD countries during 1982-

2005 suggest that there will be no “race to the bottom” for the group as a result of 

corporate tax competition. A common strand in tax competition literature predicted (either 

explicitly or implicitly) a ‘race to the bottom’ for the corporate tax rates (e.g. Dhillon et 

al. 1999, Minz 1999, Wilson 1991, etc)111. This early strand of literature stressed the 

need for measures to be taken towards the harmonization of corporate income tax 

practices at EU and OECD levels. Later on, as Lorentz (2007) discusses, following 

researches employed,  additional corporate tax competition determinants, such as: 

country size, economic integration, geographical distance,  double taxation, etc. and , 

concluded  with a  variety of  findings other than the ‘race to the bottom’. Haufler and 

Wooton (1999), Baldwin and Krugman (2004) are two among other studies that belong 

in this field of literature. Later on, an other strand of studies discussing tax competition 

documented the persistence of a downward pressure on the corporate tax rates and 

predicted an eventual convergence of corporate tax rates at levels lower than the 

welfare optimal ones, due to the stiff pressure of the harmful corporate tax competition 

(see e.g. Devereux et al. 2008, Clausing 2007, Bénassy-Quéré et. al. 2005 etc). This 

stand of literature concludes with policy implications towards the need for 

harmonization of corporate income tax practices at an EU or OECD level. 

                                                 
111 See Wilson 1999 for a thorough literature discussion. 
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Evidently, likely race-to-bottom conditions could occur only in an extreme scenario of 

very large amounts of FDI inflow. The findings in this chapter document the recent 

literature that concludes on the existence of a tax rent bonus offered to large countries 

when these look forward to attracting international investment capital. In our case the 

“large” countries are e.g., the US, Japan, Germany, Italy, Sweden, UK, France, and 

Canada contrary to the “small” ones, e.g., Greece, Portugal, Spain, and Netherlands. In 

the context of a Nash equilibrium game, each competing country adjusts its EATR 

optimization policy conditionally to the policy followed by other competing countries. 

Of course, from the findings of this study we can not extract safe conclusions as to 

whether competition over corporate tax rates will be eventually harmful or not in terms 

of welfare loses. With a caution we would raise the point that at the beginning of the 

game and the base year 2005, the countries: Greece, Italy, Japan, Portugal and Sweden 

seem to have set their tax rates evidently lower that they should have done in terms of 

optimizing corporate tax revenues collection and FDI competitiveness. Also, the 

findings do not suggest against the need for a kind of common tax policy actions to be 

taken at EU or OECD central administration level, as means to facilitate investment 

capital transfers and corporate profits allocation. These common actions could be thus 

taken in a way to reduce tax administration costs and economic inefficiencies in the 

allocation of capital resources, without limiting though the governments’ taxing 

authority to act according to the national objectives and constraints. Apparently, 

looking for the ways that these actions will become effective is an issue that goes 

beyond the scope of this study. 

 

Our simulations also suggest that there is no room for collusion either among “large” or 

among “small” players. Consequently, even if we ignore additional considerations that 

would direct countries’ tax policy away from minimal EATR values, there would be no 

incentives, for countries such as: Greece, Portugal, Spain, and Netherlands, to conspire 

on keeping very low tax rates. These countries’ low competitiveness in attracting FDI is 

at a considerable part attributed to factors other than corporate tax rates, as we have 

discussed in Chapter 5.  

 

Therefore, the scenario of a convergence at very low EATR equilibrium levels is an 

unlikely one, even in the case that the EU-25 or the OECD member-countries 
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eventually reach a considerably unified level of economic development with similar 

macroeconomic features. Even then, there will be probably no need for 

harmonization112 actions in the member-countries’ corporate tax policies since; there 

will still exist gravity factors to vary considerably among the countries outside the EU 

or the OECD. In other words, in the two unlikely scenarios that some countries-players 

decide to compete aggressively in this game or in that, all EU or OECD member-

countries reach a unified economic level, there will still exist room (other than taxes) 

for FDI competitive advantages or disadvantages to the competing countries. Besides, 

the country-specific CTR objective functions are not expected to become identical to all 

competing countries, even for the countries with considerably similar economic, 

legislative and political features. 

 
Summarizing, we highlight that there is no realistic race to bottom scenario in a ‘free’ 

corporate tax competition in the examined OECD countries even for very high levels of 

FDI. This evidence does not yet preclude that there is no room–if not a need-for 

countries to establish common tax practises to facilitate and “legalize” the investment 

capital transfers and corporate profits allocation worldwide (e.g. practises against 

bureaucracy, tax evasion, black economy, transfer pricing, etc.). The harmonization in 

corporate taxation policies should be scheduled in a cautious way that will allow 

countries operate closer to their welfare optimal positions113, without distorting though 

the spirit of reaching Nash equilibriums in a  tax competition where countries will be 

free to determine their tax policy settings according to their needs and priorities. 

 

Future research could incorporate dynamic effects into the constructed FDI  probability 

distribution model. Furthermore, it could account for a wider set of gravity variables to 

capture factors such as: welfare loses, tax enforcement power, income-shifting from 

personal to corporate tax base, bilateral tax treaties, language, labour costs, financial 

risk, etc. Additionally, it would be challenging to consider the role of tax heavens and 

developing economies in a generalized tax competition framework, as these “players” 

are expected to compete really aggressively in the corporate tax race.   

 
 

                                                 
112 Instead, there will be needed coordinated practices against likely welfare loses for the competing 

countries. 
113 The degree at which the CTR optimization levels correspond to a welfare optimization for the 

competing countries is questionable and beyond the scope of this study. 
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Summary of Conclusions and Study Highlights  
 
The goal of this study is to investigate the effects of corporate tax reforms through two 

distinct channels: the Capital Market and the Real Economy. First, we test the 

announcement effects of the tax-law acts in a case study of the Greek stock market; 

second, we construct empirical models that concern the interconnections among 

corporate taxes (EATR, STR and EMTR) and the three macroeconomic factors namely;  

corporate income tax revenues, economic growth and FDI inflow. These factors are 

selected as being of major interest in public-policy agenda both at the country level and 

at the OECD and EU administration level. Finally, we develop a computational tax-

competition model to simulate corporate tax competition encompassing the empirical 

models constructed at earlier steps of the research.  

 

The simulation process concerns a collection of 12 OECD countries that attempt to 

maximise their corporate tax revenues, which are viewed mostly as a function of FDI 

inflow and the EATR, which each country sets for itself. Under a model that assumes a 

direct influence of corporate tax differentials on the flows of FDI, each country's 

decisions are ‘coupled’ to those of others, leading to a non-cooperative game in which 

country-players compete for FDI. Their decisions are made via a differential equation-

based model used to predict the effect of tax-rate changes on a player’s share of FDI. 

Summing up the goals, novelties, conclusions and policy considerations of the overall 

study, we outline the research highlights below114.  

 

 

 

 

 

 

 

 

 

 

                                                 
114 The research highlights should be treated as restrictive approximations of the research’s novelties, 

findings and conclusions.  
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Part I  

Chapter 1& Chapter 2 

 Novelty: 

• A thorough investigation of a stock markets’ price-generating mechanism in the 

light of structural and regulatory changes.115 

 

• Construction of an appropriately modified BEKK-GARCH model to allow for 

the investigation of the effects of Greek corporate taxation-policy 

announcements on the conditional variance equation and on time-varying betas 

estimation. 

Results show:   

• Tax dummies do not convey sufficient information to the stocks’ time-varying 

betas modelling. Therefore, tax considerations could add little into the risk 

modelling strategies in the ATHEX. 

 

Policy Suggestion: 

• Policy makers should consider that market agents-investors do not believe 

corporate tax reforms to be either plausible or effective in real terms. Therefore, 

if the announced corporate tax reforms are policy actions taken to stimulate 

incorporations and investments, shareholders seem to ignore them and this puts 

a question mark over the efficiency of these tax policy actions. This is a signal 

for policy makers either to communicate their intentions more efficiently or to 

reschedule their corporate policy plans.  

 

 

 

 

 

 

 

 

                                                 
115 A case study of ATHEX for the  period: 2.1.1998-16.10.2006. 
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Part II  

Chapter 3 

Novelty: 

• Calibration of an extended-form, country-specific, corporate tax revenues 

objective functions, as determined by the countries’ individual economy 

characteristics, corporate tax rates and FDI inflows. 

Results show: 

• Empirical replication and country-specific extension of the theoretical Laffer 

curve in the area of corporations’ taxation, which reveals likely optimisation 

levels of corporate tax revenues by adjusting corporate tax rates. 

 Policy Suggestion:  

• Corporate tax rate adjustment is an effective policy tool in shaping tax revenue 

strategy for the long run. It should be treated with caution, however, as it might 

have a volatile effect relatively to the economic growth and the FDI inflows. 

Therefore, it should be additionally accompanied with factors that account for 

infrastructure, business environment, tax enforcement, employment, market 

openness, etc.   

 

Chapter 4 

Novelty: 

• Calibration of an extended-form, county-specific, economic growth-corporate 

tax revenues model in line with the theoretical endogenous growth-tax 

considerations.  

Results show: 

• Empirical documentation and county-specific extension, in the area of 

corporations’ taxation, of the theoretical economic growth–tax rates parabolic 

relationship. 
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Policy Suggestion: 

• When a government attempts to change its corporate tax policy to eliminate the 

corporate tax burden, and also decrease public investments, it should as well 

consider economic growth-enhancing strategies to avoid recession. 

 

Chapter 5 

Novelty: 

• Calibration of extended-form, nonlinear FDI response functions to corporate tax 

rate differentials; beyond, the well known in the FDI literature, bilateral FDI 

flows. 

 

Results show: 

• Empirical documentation of the superiority of EATR and STR over EMTR as 

determinants of FDI inflows.  

 

• Empirical documentation of the significance of gravity factors such as economic 

growth, corruption perception, market openness, technology and 

telecommunication in determining FDI inflows. 

Policy Suggestion: 

• Corporate tax rate differentials are negatively and nonlinearly related to FDI 

inflows. Special consideration should be given to the yardstick competition 

when a country sets its STR and EATR. 

 

 

Part III  

Chapter 6 

Novelty:  

• Construction of a numerical game-based, FDI inflow, probability distribution 

model for simulating corporate income tax competition for FDI inflows in 

OECD countries. 
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Results show:   

• No “race to bottom” for corporate tax rates, no room for collisions or conspiracy 

scenarios. Nash-equilibrium positions and possibly no Pareto optimal tax-rate 

settings.  

 

Policy Suggestion: 

• Policy makers should focus on welfare losses due to the existing corporate tax 

competition rather than, on a strict corporate income tax harmonisation i.e. with 

common corporate income tax rates across the member-countries. Countries 

may be allowed to compete in an EU or OECD tax regulatory framework that 

minimises welfare losses. 
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                    Table 1.A.1: Return Series’ Code Names in Athens Stock Exchange  

 
 BANK NAME SERIES’ CODE 

NAME 

1 BANK OF ATTICA S.A. Tatt 

2 ALPHA ΒΑΝΚ S.A. Alpha 

3 BANK OF GREECE Tell 

4 EFG EUROBANK ERGASIAS SA. Eurob 

5 EGNATIA BANK (common stocks) 
S.A. 

Egnak 

6 EGNATIA BANK (preferred 
stocks) S.A. 

Egnap 

7 EMPORIKI BANK OF GREECE 
S.A. 

Temp 

8 GENERAL BANK OF GREECE  
S.A. 

Tgen 

9 NATIONAL BANK OF GREECE 
S.A  

Ete 

10 PIRAEUS BANK S.A. Tpeir 

 ATHEX INDICES   

1 ATHEX Composite Index ATHEX 

2 FTSE/ATHEX 20 Index FTSE20 

3 FTSE/ATHEX 40 Index FTSE40 

 

Source: http://www.ase.gr/, Date :26.3.2008 
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DESCRIPTIVE STATISTICS FOR THE INDICES: ATHEX, FTSE20 & FTSE40 –  
PERIOD ‘A’  
 
Figure 1.A.1: Plots of the prices, returns and squared returns of ATHEX, FTSE20, FTSE40  
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Note: ‘DLN’ stands for the first difference of logarithms (returns). ‘DLNSQ’ stands for the squared returns.  
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Figure 1.A.2: Descriptive statistic graphs of ATHEX, FTSE20,FTSE40 (period ‘A’). 
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DESCRIPTIVE STATISTICS OF PERIOD ‘B’  

 
Figure 1.A.3: Plots of the prices, returns and squared returns of ATHEX, FTSE20,FTSE40 

(period ‘B’ ). 
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Figure 1.A.4: Descriptive statistic graphs of ATHEX, FTSE20,FTSE40 (period ‘B’ ). 
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DESCRIPTIVE STATISTICS OF ‘FULL’ PERIOD  

 
Figure 1.A.5: Plots of the prices, returns and squared returns of ATHEX, FTSE20,FTSE40 

(full period). 
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Figure 1.A.6: Descriptive statistic graphs of ATHEX, FTSE20,FTSE40 (full period). 
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Table 1.A.2:  Summary of the descriptive statistics for ATHEX,FTSE20,FTSE40 for the 

time periods: ‘A’, ‘B’  & ‘Full period’ . 

 
 

 
DLNATHEX_A DLNFTSE20_A DLNFTSE40_A DLNATXHEX_B DLNF TSE20_B DLNFTSE40_B DLNATHEX  DLNFTSE20 DLNFTSE40 

 Mean  0.000859  0.000888  0.001131  0.000116  1.14E-05  0.000257  0.000459  0.000442  0.000569 

 Median -0.000236 -0.000729  0.000000 -0.000649 -0.001131 -0.000503  0.000000  0.000000  0.000416 

 Maximum  0.076322  0.086867  0.079549  0.076322  0.086867  0.079549  0.076322  0.086867  0.079549 

 Minimum -0.096093 -0.096061 -0.097694 -0.096093 -0.096061 -0.097694 -0.096093 -0.096061 -0.097694 

 Std. Dev.  0.022329  0.022774  0.025732  0.019779  0.020373  0.022711  0.016778  0.017409  0.019290 

 Skewness -0.013100  0.122679 -0.127602 -0.013287  0.139779 -0.159042 -0.072481  0.091734 -0.243173 

 Kurtosis  4.609823  4.685149  3.735421  5.383924  5.334532  4.598346  6.678997  6.441974  5.825686 

          

 Jarque-Bera  92.34771  103.3100  21.58780  317.3456  308.6575  148.2870  1240.377  1087.098  752.2244 

 Probability  0.000000  0.000000  0.000021  0.000000  0.000000  0.000000  0.000000  0.000000  0.000000 

          

 Sum  0.734455  0.758829  0.967048  0.155884  0.015232  0.344968  1.008775  0.970296  1.249037 

 Sum Sq. Dev.  0.425789  0.442935  0.565466  0.523831  0.555757  0.690616  0.617897  0.665239  0.816743 

          

 Observations  855  855  855  1340  1340  1340  2196  2196  2196 
 
 
 
Note: The statistics are inflated from the ‘A’  to ‘B’ and ‘Full’  period. 
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DESCRIPTIVE STATISTICS –BANK SERIES (PERIOD ‘A’)  
 
Figure 1.A.7: Bank Stock Prices (levels) Plots (period ‘A’ ). 
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Figure 1.A.8: Bank Stock Returns Plots (period ‘A’ ). 
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Figure 1.A.9: Bank Squared Stock Returns Plots (period ‘A’ ). 
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Figure 1.A.10: Bank Descriptive Statistics in Graphs (period ‘A’ ). 
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Table 1.A.3: Banks-Descriptive Statistics  (period ‘A’ ). 

 
 
 
 
 
 
 

 DLNALPHA DLNEGNAK DLNEGNAP DLNETE DLNEUROB DLNTATT DLNTELL DLNTEMP DLNTGEN DLNTPEIR 
 Mean  0.000853  0.000422  0.000607  0.001611  0.001550  0.000564  0.001326  0.002117  0.000534  0.001725 
 Median -0.000920 -0.003122 -0.001652  0.000000  0.000000 -0.003759 -0.000922  0.000000 -0.000624 -0.001195 
 Maximum  0.111403  0.113615  0.113231  0.110655  0.113538  0.109441  0.112727  0.109492  0.094316  0.094935 
 Minimum -0.084881 -0.085181 -0.104337 -0.098205 -0.085037 -0.105463 -0.103842 -0.106167 -0.105184 -0.089752 
 Std. Dev.  0.027787  0.036917  0.037716  0.027676  0.033211  0.036683  0.031020  0.030561  0.034047  0.030903 
 Skewness  0.404008  0.296562  0.257396  0.432330  0.374058  0.327816  0.434268  0.135899  0.183398  0.470984 
 Kurtosis  4.270206  3.294982  3.053441  4.484191  3.828803  3.130196  4.618620  4.306097  3.337810  3.875940 

           
 Jarque-Bera  80.73733  15.63264  9.542759  105.1101  44.40981  15.91742  120.2089  63.40406  8.858337  58.94428 
 Probability  0.000000  0.000403  0.008469  0.000000  0.000000  0.000350  0.000000  0.000000  0.011924  0.000000 

           
 Sum  0.729515  0.360589  0.519098  1.377688  1.325102  0.482635  1.133695  1.810218  0.456589  1.475040 
 Sum Sq. Dev.  0.659408  1.163900  1.214834  0.654108  0.941939  1.149148  0.821728  0.797600  0.989962  0.815558 

           
 Observations  855  855  855  855  855  855  855  855  855  855 
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DESCRIPTIVE STATISTICS-BANK SERIES- (PERIOD ‘B’)   
 
Figure 1.A.11: Bank Stock Prices (levels) Plots (period ‘B’ ). 
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Figure 1.A.12: Bank Stock Returns Plots (period ‘B’ ). 
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Figure 1.A.13: Bank Squared Stock Returns Plots (period ‘B’ ). 
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      Figure 1.A.14: Bank Descriptive Statistics in Graphs (period ‘B’) 
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Table 1.A.4: Banks-Descriptive Statistics (period ‘B’ ). 

 
 

 DLNALPHA_B DLNEGNAK_B DLNEGNAP_B DLNETE_B DLNEUROB_B DLNTATT_B DLNTELL_B DLNTEMP_B DLNTGEN_B DLNTPEIR_B 
 Mean  0.000335  0.000274  0.000250  0.000224  0.000532  9.05E-05  0.000660 -0.000422  1.60E-05  0.000450 
 Median  0.000000  0.000000  0.000000  0.000000  0.000766  0.000000  0.000000 -0.001141  0.000000  0.000000 
 Maximum  0.089208  0.180126  0.156346  0.090841  0.074512  0.163827  0.107604  0.076200  0.137566  0.094080 
 Minimum -0.086292 -0.108951 -0.118248 -0.082247 -0.075866 -0.196710 -0.123487 -0.108531 -0.123212 -0.113279 
 Std. Dev.  0.018262  0.024045  0.025031  0.019411  0.015857  0.027529  0.017431  0.020694  0.022351  0.017563 
 Skewness  0.106899  1.099435  0.407408 -0.001498  0.075778  0.320657  0.122739 -0.011721  0.610220 -0.015987 
 Kurtosis  4.405643  10.54116  7.153525  4.819833  5.077278  9.635873  9.689618  5.268778  7.743872  6.848066 

           
 Jarque-Bera  112.8694  3445.143  1000.293  184.9089  242.2080  2481.574  2501.962  287.4247  1339.654  826.8153 
 Probability  0.000000  0.000000  0.000000  0.000000  0.000000  0.000000  0.000000  0.000000  0.000000  0.000000 

           
 Sum  0.449125  0.366508  0.334816  0.300090  0.712342  0.121300  0.884786 -0.565874  0.021414  0.603045 
 Sum Sq. Dev.  0.446537  0.774127  0.838960  0.504540  0.336686  1.014762  0.406854  0.573397  0.668938  0.413046 

           
 Observations  1340  1340  1340  1340  1340  1340  1340  1340  1340  1340 
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DESCRIPTIVE STATISTICS -BANK SERIES (FULL PERIOD: 1.1.1998-16.10.2006). 
 
Figure 1.A.15: Bank Stock Prices (levels) Plots (full period). 
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Figure 1.A.16: Stock Returns Plots (full period). 
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Figure 1.A.17: Bank Squared Stock Returns Plot (full period). 
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Figure 1.A.18: Bank Descriptive Statistics in Graphs (full period). 
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Table 1.A.5: Banks-Descriptive Statistics  (full period). 

 
 

 DLNALPHA DLNEGNAK DLNEGNAP DLNETE DLNTATT DLNTELL DLNTEMP DLNTGEN DLNTPEIR 
 Mean  0.000522  0.000326  0.000382  0.000747  0.000270  0.000913  0.000553  0.000213  0.000944 
 Median  0.000000  0.000000  0.000000  0.000000  0.000000  0.000000 -0.000714  0.000000  0.000000 
 Maximum  0.111403  0.180126  0.156346  0.110655  0.163827  0.112727  0.109492  0.137566  0.094935 
 Minimum -0.086292 -0.108951 -0.118248 -0.098205 -0.196710 -0.123487 -0.108531 -0.123212 -0.113279 
 Std. Dev.  0.022459  0.029715  0.030591  0.023000  0.031400  0.023662  0.025031  0.027493  0.023667 
 Skewness  0.347525  0.580127  0.331471  0.324207  0.341945  0.434705  0.151392  0.347642  0.448430 
 Kurtosis  5.084321  5.808059  4.702174  5.200213  5.743767  7.070080  5.263918  5.116276  5.706366 

          
 Jarque-Bera  441.7154  844.6714  305.3255  481.4159  731.6305  1584.910  477.3557  454.0270  743.7827 
 Probability  0.000000  0.000000  0.000000  0.000000  0.000000  0.000000  0.000000  0.000000  0.000000 

          
 Sum  1.146379  0.715309  0.838588  1.640255  0.593420  2.005622  1.214491  0.468310  2.073744 
 Sum Sq. Dev.  1.107160  1.938185  2.054108  1.161119  2.164144  1.229004  1.375288  1.659139  1.229480 

          
 Observations  2196  2196  2196  2196  2196  2196  2196  2196  2196 
 
 
Note: The statistics are inflated from the ‘A’ to ‘B’ and ‘Full’ period. 
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STATIONARITY, AUTOCORRELATION&HETEROSCEDASTICITY TE STS 

FOR BANK & INDICES SERIES (FULL PERIOD: 1.1.2008-16.10.2006) 
 
Table 1.A.6: Stationarity Tests 

 
STATIONARITY TESTS  IN LEVELS 
Ho: No stationarity 
 
Null Hypothesis: unit root (individual unit root process)  
Series: ATHEX, FTSE20, FTSE40   
Sample: 1 2197    
Exogenous variables: Individual effects  
Automatic selection of maximum lags  
Automatic lag length selection on SIC: 1 to 2 
Total number of observations: 6584  
Cross-sections included: 3   
     
     Method  Statistic Prob.** 
ADF - Fisher Chi-square  4.87297  0.5602 
ADF - Choi Z-stat -0.24003  0.4052 
     
     ** Probabilities for Fisher tests are computed using an asymptotic Chi 
        -square distribution. All other tests assume asymptotic normality. 
 
 
Null Hypothesis: unit root (individual unit root process)  
Series: ALPHA, EGNAK, EGNAP, ETE, EUROB, TATT, TELL, TEMP, TGEN, 
        TPEIR    
Sample: 1 2197    
Exogenous variables: Individual effects  
Automatic selection of maximum lags  
Automatic lag length selection on SIC: 1 to 10 
Total number of observations: 21933  
Cross-sections included: 10   
     
     Method  Statistic Prob.** 
ADF - Fisher Chi-square  17.7676  0.6027 
ADF - Choi Z-stat -0.54730  0.2921 
     
     ** Probabilities for Fisher tests are computed using an asymptotic Chi 
        -square distribution. All other tests assume asymptotic normality. 
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STATIONARITY TESTS  IN FIRST DIFFERENCES OF LOGARITHMS 
 
Null Hypothesis: unit root (individual unit root process)  
Series: DLNATHEX, DLNFTSE20, DLNFTSE40  
Sample: 1 2196    
Exogenous variables: Individual effects  
Automatic selection of maximum lags  
Automatic lag length selection on SIC: 0  
Total (balanced) observations: 6585  
Cross-sections included: 3   
     
     Method  Statistic Prob.** 
ADF - Fisher Chi-square  192.536  0.0000 
ADF - Choi Z-stat -13.1768  0.0000 
     
     ** Probabilities for Fisher tests are computed using an asymptotic Chi 
        -square distribution. All other tests assume asymptotic normality. 
 
 
 
Null Hypothesis: unit root (individual unit root process)  
Series: DLNALPHA, DLNEGNAK, DLNEGNAP, DLNETE, DLNTATT, 
            DLNTELL, DLNTEMP, DLNTGEN, DLNTPEIR, DLNEUROB 
Sample: 1 2196    
Exogenous variables: Individual effects  
Automatic selection of maximum lags  
Automatic lag length selection bATHEXd on SIC: 0 to 9 
Total number of observations: 21941  
Cross-sections included: 10   
     
     Method  Statistic Prob.** 
ADF - Fisher Chi-square  785.035  0.0000 
ADF - Choi Z-stat -26.1663  0.0000 
     
     ** Probabilities for Fisher tests are computed using an asymptotic Chi 
        -square distribution. All other tests assume asymptotic normality. 
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Table 1.A.7: Autocorrelation Tests 

 
Ho: No Autocorrelation 
 
DLNATHEX  
 
Included observations: 2196     

       
       Autocorrelation Partial Correlation  AC   PAC  Q-Stat  Prob 
       
               |*     |         |*     | 1 0.142 0.142 44.290 0.000 

        |      |         |      | 2 0.028 0.008 46.006 0.000 
        |      |         |      | 3 0.007 0.002 46.115 0.000 
        |      |         |      | 4 0.001 -0.001 46.115 0.000 
        |      |         |      | 10 0.007 0.006 47.760 0.000 
        |      |         |      | 20 0.014 0.019 72.043 0.000 
        |      |         |      | 30 0.003 -0.001 88.599 0.000 

       
        

DLNSQATHEX  
 
Included observations: 2196     

       
       Autocorrelation Partial Correlation  AC   PAC  Q-Stat  Prob 
       
               |**    |         |**    | 1 0.234 0.234 120.15 0.000 

        |**    |         |**    | 2 0.264 0.222 273.82 0.000 
        |*     |         |*     | 3 0.178 0.087 343.35 0.000 
        |*     |         |*     | 4 0.204 0.113 435.02 0.000 
        |*     |         |      | 10 0.108 0.042 600.30 0.000 
        |*     |         |      | 20 0.114 0.070 727.38 0.000 
        |*     |         |      | 30 0.090 0.006 992.52 0.000 

       
        

 
DLNFTSE20 
 
Included observations: 2196     

       
       Autocorrelation Partial Correlation  AC   PAC  Q-Stat  Prob 
       
               |*     |         |*     | 1 0.150 0.150 49.747 0.000 

        |      |         |      | 2 0.033 0.010 52.109 0.000 
        |      |         |      | 3 0.004 -0.002 52.151 0.000 
        |      |         |      | 4 -0.002 -0.002 52.157 0.000 
        |      |         |      | 10 -0.003 -0.006 53.935 0.000 
        |      |         |      | 20 0.012 0.017 75.956 0.000 
        |      |         |      | 30 0.023 0.019 95.826 0.000 
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DLNSQFTSE20 
 
Included observations: 2196     

       
       Autocorrelation Partial Correlation  AC   PAC  Q-Stat  Prob 
       
               |**    |         |**    | 1 0.230 0.230 116.43 0.000 

        |**    |         |*     | 2 0.226 0.182 228.32 0.000 
        |*     |         |*     | 3 0.166 0.089 288.98 0.000 
        |*     |         |*     | 4 0.201 0.126 377.73 0.000 
        |*     |         |      | 10 0.111 0.045 537.32 0.000 
        |*     |         |      | 20 0.118 0.073 664.02 0.000 
        |*     |         |      | 30 0.095 0.008 919.81 0.000 
 
 
 
DLNSQFTSE40 
 
Included observations: 2196     

       
       Autocorrelation Partial Correlation  AC   PAC  Q-Stat  Prob 
       
               |**    |         |**    | 1 0.278 0.278 169.49 0.000 

        |**    |         |**    | 2 0.340 0.284 423.25 0.000 
        |**    |         |*     | 3 0.246 0.117 556.28 0.000 
        |**    |         |*     | 4 0.254 0.110 698.24 0.000 
        |*     |         |      | 10 0.120 0.017 1041.1 0.000 
        |*     |         |      | 20 0.094 0.012 1274.2 0.000 
        |*     |         |      | 30 0.098 0.023 1589.7 0.000 
 
DLNFTSE40 
 
Included observations: 2196     

       
       Autocorrelation Partial Correlation  AC   PAC  Q-Stat  Prob 
       
               |*     |         |*     | 1 0.182 0.182 72.813 0.000 

        |      |         |      | 2 0.045 0.012 77.211 0.000 
        |      |         |      | 3 0.048 0.039 82.324 0.000 
        |      |         |      | 4 0.029 0.014 84.224 0.000 
        |      |         |      | 10 0.054 0.042 97.579 0.000 
        |      |         |      | 20 0.014 0.023 128.90 0.000 
        |      |         |      | 30 -0.030 -0.032 155.56 0.000 
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DLNALPHA  
 
Included observations: 2196     

       
       Autocorrelation Partial Correlation  AC   PAC  Q-Stat  Prob 
       
               |*     |         |*     | 1 0.123 0.123 33.382 0.000 

        |      |         |      | 2 0.023 0.008 34.563 0.000 
        |      |         |      | 3 -0.027 -0.031 36.131 0.000 
        |      |         |      | 4 -0.049 -0.043 41.474 0.000 
        |      |         |      | 10 -0.009 -0.014 43.163 0.000 
        |      |         |      | 20 0.014 0.015 61.808 0.000 
        |      |         |      | 30 0.020 0.019 77.502 0.000 
 
 
 
 
DLNSQALPHA  
 
Included observations: 2196     

       
       Autocorrelation Partial Correlation  AC   PAC  Q-Stat  Prob 
       
               |**    |         |**    | 1 0.272 0.272 162.25 0.000 

        |*     |         |*     | 2 0.188 0.123 239.72 0.000 
        |*     |         |*     | 3 0.164 0.094 298.71 0.000 
        |*     |         |*     | 4 0.163 0.090 357.27 0.000 
        |*     |         |      | 10 0.108 0.042 486.85 0.000 
        |*     |         |      | 20 0.092 0.053 590.12 0.000 
        |*     |         |      | 30 0.084 0.010 770.33 0.000 

       
 
 
 
DLNEGNAK  
 
Included observations: 2196     

       
       Autocorrelation Partial Correlation  AC   PAC  Q-Stat  Prob 
       
               |*     |         |*     | 1 0.156 0.156 53.314 0.000 

        |      |         |      | 2 -0.008 -0.033 53.440 0.000 
        |      |         |      | 3 -0.017 -0.010 54.040 0.000 
        |      |         |      | 4 -0.005 -0.001 54.092 0.000 
        |      |         |      | 10 0.031 0.016 63.600 0.000 
        |      |         |      | 20 0.002 -0.000 95.277 0.000 
        |      |         |      | 30 -0.019 -0.015 112.56 0.000 
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DLNSQEGNAK  
 
Included observations: 2196     

       
       Autocorrelation Partial Correlation  AC   PAC  Q-Stat  Prob 
       
               |***   |         |***   | 1 0.366 0.366 294.47 0.000 

        |*     |         |*     | 2 0.206 0.083 387.51 0.000 
        |*     |         |*     | 3 0.163 0.074 446.06 0.000 
        |*     |         |      | 4 0.154 0.072 498.44 0.000 
        |*     |         |      | 10 0.080 0.022 698.28 0.000 
        |*     |         |      | 20 0.086 0.012 949.54 0.000 
        |*     |         |      | 30 0.104 0.014 1180.6 0.000 

       
 
 
 
DLNEGNAP 
 
Included observations: 2196     

       
       Autocorrelation Partial Correlation  AC   PAC  Q-Stat  Prob 
       
               |*     |         |*     | 1 0.083 0.083 15.022 0.000 

        |      |         |      | 2 -0.012 -0.019 15.336 0.000 
        |      |         |      | 3 0.001 0.004 15.340 0.002 
        |      |         |      | 4 0.026 0.026 16.833 0.002 
        |      |         |      | 10 0.043 0.040 22.585 0.012 
        |      |         |      | 20 -0.023 -0.025 45.029 0.001 
        |      |         |      | 30 -0.004 -0.003 54.369 0.004 
 
 
 
DLNSQEGNAP 
 
Included observations: 2196     

       
       Autocorrelation Partial Correlation  AC   PAC  Q-Stat  Prob 
       
               |***   |         |***   | 1 0.366 0.366 295.17 0.000 

        |**    |         |*     | 2 0.237 0.118 418.50 0.000 
        |**    |         |*     | 3 0.224 0.122 528.79 0.000 
        |*     |         |*     | 4 0.211 0.093 626.41 0.000 
        |*     |         |      | 10 0.120 0.013 959.25 0.000 
        |*     |         |      | 20 0.142 0.044 1321.9 0.000 
        |*     |         |      | 30 0.111 0.007 1685.1 0.000 
 
 
 
 
 
 



Appendices Part I          321   
 

 
 
Ph.D Thesis by Anastasios Saraidaris 

 
DLNETE  
 
Included observations: 2196     

       
       Autocorrelation Partial Correlation  AC   PAC  Q-Stat  Prob 
       
               |*     |         |*     | 1 0.170 0.170 63.543 0.000 

        |      |         |      | 2 0.053 0.024 69.615 0.000 
        |      |         |      | 3 0.024 0.011 70.846 0.000 
        |      |         |      | 4 0.020 0.013 71.699 0.000 
        |      |         |      | 10 0.011 0.006 81.518 0.000 
        |      |         |      | 20 0.017 0.012 99.645 0.000 
        |      |         |      | 30 0.034 0.035 125.91 0.000 

       
        

DLNSQETE 
 
Included observations: 2196     

       
       Autocorrelation Partial Correlation  AC   PAC  Q-Stat  Prob 
       
               |**    |         |**    | 1 0.244 0.244 130.74 0.000 

        |*     |         |*     | 2 0.181 0.129 202.90 0.000 
        |*     |         |*     | 3 0.157 0.094 257.37 0.000 
        |*     |         |*     | 4 0.178 0.113 327.05 0.000 
        |*     |         |      | 10 0.104 0.052 450.96 0.000 
        |*     |         |      | 20 0.115 0.056 618.69 0.000 
        |      |         |      | 30 0.067 -0.008 803.91 0.000 

       
        

 
 
DLNEUROB 
 
Included observations: 2196     

       
       Autocorrelation Partial Correlation  AC   PAC  Q-Stat  Prob 
       
               |*     |         |*     | 1 0.087 0.087 16.748 0.000 

        |      |         |      | 2 0.024 0.016 17.990 0.000 
        |      |         |      | 3 -0.005 -0.008 18.041 0.000 
        |      |         |      | 4 -0.002 -0.002 18.054 0.001 
        |      |         |*     | 10 0.040 0.085 140.78 0.000 
        |      |         |      | 20 -0.005 -0.001 153.33 0.000 
        |      |         |      | 30 -0.023 -0.001 174.96 0.000 
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DLNSQEUROB 
 
Included observations: 2196     

       
       Autocorrelation Partial Correlation  AC   PAC  Q-Stat  Prob 
       
               |****  |         |****  | 1 0.488 0.488 526.30 0.000 

        |      |         |      | 2 0.004 0.004 526.33 0.000 
        |      |         |      | 3 -0.001 -0.001 526.33 0.000 
        |      |         |      | 4 0.000 -0.000 526.33 0.000 
        |      |         |      | 10 0.000 0.001 526.33 0.000 
        |      |         |      | 14 -0.001 0.000 526.34 0.000 
        |      |         |      | 20 0.000 0.001 526.34 0.000 
        |      |         |      | 30 0.001 0.003 526.34 0.000 
 
 
DLNTATT  
 
Included observations: 2196     

       
       Autocorrelation Partial Correlation  AC   PAC  Q-Stat  Prob 
       
               |*     |         |*     | 1 0.182 0.182 73.037 0.000 

        |      |         |      | 2 -0.018 -0.053 73.747 0.000 
        |      |         |      | 3 0.010 0.024 73.984 0.000 
        |      |         |      | 4 0.031 0.025 76.121 0.000 
        |      |         |      | 10 0.036 0.044 82.323 0.000 
        |      |         |      | 20 0.015 0.011 88.736 0.000 
        |      |         |      | 30 -0.005 -0.004 98.184 0.000 
 
DLNSQTATT  
 
Included observations: 2196     

       
       Autocorrelation Partial Correlation  AC   PAC  Q-Stat  Prob 
       
               |**    |         |**    | 1 0.319 0.319 223.87 0.000 

        |**    |         |*     | 2 0.222 0.134 332.34 0.000 
        |*     |         |      | 3 0.167 0.072 394.04 0.000 
        |*     |         |      | 4 0.086 -0.008 410.29 0.000 
        |      |         |      | 10 0.050 -0.004 511.07 0.000 
        |      |         |      | 20 0.044 0.019 567.75 0.000 
        |      |         |      | 30 0.025 -0.020 634.16 0.000 
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DLNTELL  
 
Included observations: 2196     

       
       Autocorrelation Partial Correlation  AC   PAC  Q-Stat  Prob 
       
               |**    |         |**    | 1 0.224 0.224 110.42 0.000 

        |      |         |      | 2 0.037 -0.014 113.35 0.000 
        |      |         |      | 3 0.003 -0.002 113.38 0.000 
        |      |         |      | 4 -0.047 -0.049 118.27 0.000 
        |      |         |      | 10 0.039 0.034 125.51 0.000 
        |      |         |      | 20 -0.020 -0.012 145.41 0.000 
        |      |         |      | 30 -0.003 -0.016 180.81 0.000 
 
 
 
DLNSQTELL  
 
Included observations: 2196     

       
       Autocorrelation Partial Correlation  AC   PAC  Q-Stat  Prob 
       
               |***   |         |***   | 1 0.433 0.433 412.15 0.000 

        |***   |         |**    | 2 0.376 0.233 723.77 0.000 
        |**    |         |*     | 3 0.319 0.121 947.78 0.000 
        |**    |         |*     | 4 0.280 0.077 1120.9 0.000 
        |*     |         |      | 10 0.154 0.025 1568.0 0.000 
        |*     |         |      | 20 0.123 0.054 1811.3 0.000 
        |*     |         |      | 30 0.086 -0.008 2077.5 0.000 
 
 
DLNTEMP  
 
Included observations: 2196     

       
       Autocorrelation Partial Correlation  AC   PAC  Q-Stat  Prob 
       
               |*     |         |*     | 1 0.204 0.204 91.433 0.000 

        |      |         |      | 2 0.054 0.013 97.761 0.000 
        |      |         |      | 3 0.014 0.001 98.203 0.000 
        |      |         |      | 4 0.032 0.030 100.49 0.000 
        |      |         |      | 10 0.014 0.007 104.39 0.000 
        |      |         |      | 20 0.026 0.015 116.63 0.000 
        |      |         |      | 30 0.045 0.028 147.34 0.000 
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DLNSQTEMP 
 
Included observations: 2196     

       
       Autocorrelation Partial Correlation  AC   PAC  Q-Stat  Prob 
       
               |**    |         |**    | 1 0.271 0.271 161.00 0.000 

        |*     |         |*     | 2 0.193 0.129 242.90 0.000 
        |*     |         |*     | 3 0.188 0.118 320.93 0.000 
        |*     |         |*     | 4 0.213 0.133 420.48 0.000 
        |*     |         |      | 10 0.100 0.019 613.55 0.000 
        |      |         |      | 20 0.049 -0.004 740.99 0.000 
        |      |         |      | 30 0.039 -0.025 831.10 0.000 
 
 
DLNTGEN  
 
Included observations: 2196     

       
       Autocorrelation Partial Correlation  AC   PAC  Q-Stat  Prob 
       
               |*     |         |*     | 1 0.178 0.178 69.946 0.000 

        |      |         |      | 2 0.045 0.013 74.353 0.000 
        |      |         |      | 3 0.005 -0.006 74.400 0.000 
        |      |         |      | 4 -0.002 -0.002 74.406 0.000 
        |      |         |      | 10 0.023 0.021 81.232 0.000 
        |      |         |      | 20 0.004 0.003 96.132 0.000 
        |      |         |      | 30 0.025 0.025 109.11 0.000 
 
 
 
 
DLNSQTGEN 
 
Included observations: 2196     

       
       Autocorrelation Partial Correlation  AC   PAC  Q-Stat  Prob 
       
               |**    |         |**    | 1 0.246 0.246 133.25 0.000 

        |*     |         |*     | 2 0.206 0.155 227.06 0.000 
        |*     |         |*     | 3 0.150 0.075 276.51 0.000 
        |*     |         |      | 4 0.135 0.063 316.38 0.000 
        |*     |         |      | 10 0.111 0.053 460.55 0.000 
        |*     |         |      | 20 0.080 0.031 589.17 0.000 
        |*     |         |      | 30 0.081 0.024 774.37 0.000 
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DLNTPEIR  
 
Included observations: 2196     

       
       Autocorrelation Partial Correlation  AC   PAC  Q-Stat  Prob 
       
               |*     |         |*     | 1 0.170 0.170 63.444 0.000 

        |      |         |      | 2 0.050 0.022 68.889 0.000 
        |      |         |      | 3 0.042 0.031 72.715 0.000 
        |      |         |      | 4 -0.004 -0.018 72.754 0.000 
        |      |         |      | 10 -0.014 -0.020 76.701 0.000 
        |      |         |      | 20 0.027 0.025 124.23 0.000 
        |      |         |      | 30 0.041 0.036 142.49 0.000 
 
 
 
DLNSQTPEIR 
 
Included observations: 2196     

       
       Autocorrelation Partial Correlation  AC   PAC  Q-Stat  Prob 
       
               |**    |         |**    | 1 0.332 0.332 242.68 0.000 

        |**    |         |**    | 2 0.303 0.216 444.46 0.000 
        |**    |         |*     | 3 0.233 0.097 564.06 0.000 
        |**    |         |*     | 4 0.258 0.133 710.44 0.000 
        |*     |         |      | 10 0.193 0.058 1298.6 0.000 
        |*     |         |      | 20 0.130 0.024 1755.4 0.000 
        |*     |         |      | 30 0.150 0.044 2122.7 0.000 
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Table 1.A.8: Heteroscedasticity Tests 

 
 
Ho: No ARCH Effects 
 
DLNATHEX  
 
Heteroskedasticity Test: ARCH   

     
     F-statistic 46.16661     Prob. F(1,2193) 0.0000 

Obs*R-squared 45.25599     Prob. Chi-Square(1) 0.0000 
     
      

DLNFSE20 
 
Heteroskedasticity Test: ARCH   

     
     F-statistic 51.45878     Prob. F(1,2193) 0.0000 

Obs*R-squared 50.32483     Prob. Chi-Square(1) 0.0000 
     

 
 
DLNFTSE40 
 
Heteroskedasticity Test: ARCH   

     
     F-statistic 75.99036     Prob. F(1,2193) 0.0000 

Obs*R-squared 73.51236     Prob. Chi-Square(1) 0.0000 
     
      

DLNALPHA  
 
Heteroskedasticity Test: ARCH   

     
     F-statistic 33.38634     Prob. F(1,2193) 0.0000 

Obs*R-squared 32.91567     Prob. Chi-Square(1) 0.0000 
     
          

 
 
DLNEGNAK  
 
Heteroskedasticity Test: ARCH   

     
     F-statistic 53.14190     Prob. F(1,2193) 0.0000 

Obs*R-squared 51.93193     Prob. Chi-Square(1) 0.0000 
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DLNEGNAP 
 
Heteroskedasticity Test: ARCH   

     
     F-statistic 14.45604     Prob. F(1,2193) 0.0001 

Obs*R-squared 14.37447     Prob. Chi-Square(1) 0.0001 
     
          

 
 
 
 
DLNETE  
 
Heteroskedasticity Test: ARCH   

     
     F-statistic 63.75900     Prob. F(1,2193) 0.0000 

Obs*R-squared 62.01416     Prob. Chi-Square(1) 0.0000 
     
      

 
DLNEUROB 
 
Heteroskedasticity Test: ARCH   

     
     F-statistic 14.14618     Prob. F(1,2193) 0.0002 

Obs*R-squared 14.06834     Prob. Chi-Square(1) 0.0002 
     
          

 
 
DLNTATT  
 
Heteroskedasticity Test: ARCH   

     
     F-statistic 75.04908     Prob. F(1,2193) 0.0000 

Obs*R-squared 72.63191     Prob. Chi-Square(1) 0.0000 
     
          

 
DLNTELL 
 
Heteroskedasticity Test: ARCH   

     
     F-statistic 105.9618     Prob. F(1,2193) 0.0000 

Obs*R-squared 101.1700     Prob. Chi-Square(1) 0.0000 
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DLNTEMP  
 

 

 
DLNTGEN  
 
Heteroskedasticity Test: ARCH   

     
     F-statistic 71.72400     Prob. F(1,2193) 0.0000 

Obs*R-squared 69.51584     Prob. Chi-Square(1) 0.0000 
 
 
DLNTPEIR  
Heteroskedasticity Test: ARCH   

     
     F-statistic 61.01080     Prob. F(1,2193) 0.0000 

Obs*R-squared 59.41351     Prob. Chi-Square(1) 0.0000 
     
      

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 

Heteroskedasticity Test: ARCH   
     
     F-statistic 96.38506     Prob. F(1,2193) 0.0000 

Obs*R-squared 92.41137     Prob. Chi-Square(1) 0.0000 
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MAIN VARIABLES’ PLOTS  

 
 
 

Figure A.1: Average Corporate Tax Revenues  for the group of 
12 OECD countries
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Figure A.2: Average Effective Average Tax Rates for the 
group of 12 OECD countries
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Figure A.3: Average Statutory Corporate Tax Rates for the 
group of 12 OECD countries
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Figure A.4: Average FDI Inflows for the group of 12  OECD 
countries
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Figure A.5 : The average GDP Growth rate for the goup of 12 
OECD countries
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Figure A.6: Average GDP per capita  for the group of 12 
OECD countries
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Figure A.7: Average Gross Fixed Capital Formation Rate for 
the group of 12 OECD countries
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 Figure A.8: Average employment population ratio for the 12 
OECD countries
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Figure A.9: The Average corporate tax revenues by 
GDPpc ratio for the group of 12 OECD countries
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Figure A.10: Average Effective Marginal Tax Rates  for the 
group of 12 OECD countries
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