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This thesis consists of three empirical essays in financial economics, 

with particular focus on the European Union and the Eurozone. The thesis 

investigates topics related to market liquidity and integration. In particu-  

lar, it covers the transmission of liquidity shocks across Eurozone markets, 

the role of market liquidity in the repurchase programme and integration of 

Eurozone economies in terms of welfare gains from trade. Liquidity and in- 

tegration have received considerable attention in recent years, particularly 

within the context of global financial and macroeconomic uncertainty over 

the last decade. 

In the first empirical essay, we investigate static and dynamic liquidity 

spillovers across the Eurozone stock markets. Using a generalised vec-  

tor autoregressive (VAR) model, we introduce a new measure of liquidity 

spillovers. We find strong evidence of interconnection across countries. We 

also test the existence of liquidity contagion using a dynamic version of our 

static spillover index. Our results indicate that the transmission of shocks 

increases during periods of higher financial turbulence. Moreover, we find 

that core economies tend to be dominant transmitters of shocks, rather than 

absorber. 

The second essay investigates the role played by market liquidity in the 

execution of open-market share repurchases in the UK which is the most 

active market within the EU for this payout method. 
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Using a unique hand collected data set from Bloomberg Professionals, we 

find that the execution of share repurchases does not depend on the long- 

term underlying motive, but it rather relies on market liquidity and other 

macroeconomic variables. We also provide a methodological contribution 

using censored quantile regression (CQR), which overcomes most of the 

econometric limitations of the Tobit models, widely employed previously 

within this literature. 

The third essay quantifies the welfare gains from trade for the Eurozone 

countries. We apply a trade model that allows us to estimate the increase 

in real consumption as a result of trade between countries. We estimate 

welfare gains using two sufficient aggregate statistics. These are the share 

of expenditure on domestic goods and the elasticity of exports with respect 

to trade cost. We offer a methodological contribution for the estimation of 

elasticities by applying the Poisson pseudo-maximum likelihood (PPML) us- 

ing a gravity model. PPML allows the estimation of gravity models in their 

exponential form, allowing the inclusion of zero trade flows and controlling 

for heteroskedasticity. Previous studies present several econometric limi- 

tations as a result of estimating gravity models in their log-linearised form. 

Our results indicate that joining the euro did not significantly increase trade 

gains for member countries. Nevertheless, differences across countries are 

significant and Northern economies experience a higher increase in welfare 

gains trade as compared to Southern economies. 
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Chapter 1 

 
Introduction 

 
This thesis explores issues related to the European Union (EU) and the Eu- 

rozone, in relation to macroeconomic and financial uncertainty. We carry 

out three studies that lie in three different but interrelated areas of empiri- 

cal research: financial economics, corporate finance and macroeconomics. 

Well before the official introduction of the euro as a common currency within 

the Eurozone in 1999, European policy makers had placed significant ef- 

fort in promoting the convergence of European economies. This process 

involved the formalisation of convergence criteria that individual countries 

have to meet in order to join the EMU which is enshrined in the Maastricht 

Treaty. However, a number of international and Europe wide crises, both 

financial and macroeconomic, have seriously challenged the stability of the 

Eurozone, which has forced policy makers to adopt extraordinary measures 

to reduce the negative impact of shocks. The global financial crisis (GFC) of 

2007-2009, as well as the Euro crisis of 2009-2012 constitute recent exam- 

ples of financial crises that spread their effects to real economies, requiring 

the formulation of a proper policy response. 

Many studies focus on key factors that drive financial crises including fo- 

cus on an important variable, liquidity (Amihud, Mendelson, and Pedersen, 

2012). For instance, both the GFC and other earlier crises, such as the 19th 

of October 1987 market crash have been largely driven by shortages in mar- 

ket liquidity (see, e.g. Roll, 1988; Amihud, Mendelson, and Wood, 1990). In 

certain circumstances, market and funding liquidity interact, generating a 
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spiral effect that further reduces overall liquidity, thus causing prices to de- 

cline (Brunnermeier and Pedersen, 2009). Financial crises also propagates 

across markets and asset classes through the liquidity channel (Smimou 

and Khallouli, 2015) leading to tangible effects on real economies. The 

stronger is the degree of interconnection across economies, such as in a 

currency union (CU), the more potentially devastating are the effects, partic- 

ularly for peripheral countries. Moreover, corporate decisions, e.g. in terms 

of payout policies or optimal capital structure, are inevitably affected by the 

financial and macroeconomic environment within which firms operate. 

This thesis presents three essays where we empirically investigate eco- 

nomic and financial integration across Eurozone countries. The first two 

essays investigate the impact that liquidity crises have both on the stock 

market as a whole, and on specific corporate decisions. The third essay 

analyses welfare gains from trade from the introduction of the euro. 

In the first empirical chapter, we investigate a contemporary and highly 

relevant topic, particularly in recent years of financial uncertainty, relating 

to the transmission of liquidity shocks across stock markets. We are par- 

ticularly interested in the analysis of the degree of interconnection across 

countries through the liquidity channel. We therefore study the specific case 

of the Eurozone, due to its high degree of heterogeneity, with the Eurozone 

being characterised by a unique currency and a shared monetary policy. We 

examine a set of important research questions that aim to shed some light 

on the transmission of liquidity shocks within the euro area. Moreover, by 

looking at the transmission of shocks over time, we can analyse the con- 

tagion effect through the liquidity channel. Our research questions include: 

i) Are liquidity shocks transmitted across Eurozone countries? ii) Do they 

vary over time, thus suggesting evidence of contagion? and iii) What is the 

direction and intensity of shocks? 

Our first empirical chapter makes three main contributions. First, we in- 

troduce a simple but effective measure that describes the average liquidity 

spillover effect across a pool of ten Eurozone countries between 1990 and 

2015, using five different liquidity measures. Our index shows the overall 
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spillover for all countries in the sample, as well as the average pairwise 

spillover for each country pair. We make a second contribution by show- 

ing the direction and intensity of spillovers over time, employing a dynamic 

model that indicates strong evidence of contagion. Our measure of liquidity 

spillovers constitutes a methodological contribution with significant implica- 

tions in the study of vectors of transmission through the liquidity channel. 

We extend the existing literature in this field (Andrikopoulos, Angelidis, and 

Skintzi, 2014; Smimou and Khallouli, 2015), by providing evidence of conta- 

gion due to liquidity shocks within the Eurozone, and that the liquidity chan- 

nel constitutes an important channel of transmission. 

In constructing the liquidity spillover index, we rely on forecast error vari- 

ance following Diebold and Yilmaz, 2009 and Diebold and Yilmaz, 2012. 

They introduce a generalised vector autoregressive (VAR) model in which 

variance decomposition is not affected by the ordering of variables. We 

construct the index using five different liquidity measures, in order to cap- 

ture the various facets of liquidity, which cannot be fully understood using  

a single measure (Amihud, Mendelson, and Pedersen, 2012). Our results 

indicate a strong interconnection across Eurozone countries, although cer- 

tain economies tend to be dominant transmitters of shocks, while others are 

more receivers. We estimate an average connectedness index that varies 

between 15% and 25%, according to the measure used, which shows the 

proportion of shocks that arise from spillovers. 

We construct a dynamic version of our static spillover index using a 

rolling window estimation, in order to uncover evidence of contagion, as 

defined by Longstaff, 2010. We show that the intensity of spillovers varies 

considerably over the sample period, providing strong evidence of liquidity 

contagion in the Eurozone, particularly in connection with periods of greater 

financial uncertainty. We further show evidence of intensity and direction of 

spillovers across countries. We include a set of plots that indicate the gross 

spillover effect, which captures the variation of the total shock transmitted 

over time without accounting for the total shock received. Our findings show 

that contagion at the country level varies across nations, in relation to both 
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macroeconomic and country-specific events. We provide a further contri- 

bution by showing also the direction of the shock and, estimating the net 

spillover effect, thereby accounting for the part of the shocks received by 

each individual economy. Our findings reveal that large economies, such as 

Germany, France and Italy, tend to be dominant transmitters of shocks to 

the periphery, particularly during periods of financial distress. 

In the second empirical essay, we investigate the relationship between 

macroeconomic variables and open-market share repurchase programmes, 

within the UK. The choice of the UK market is mainly due to strong evidence 

(Sonika, Carline, and Shackleton, 2014) indicating that within the European 

Union, the UK is the most active market in terms of the number of buybacks 

announced and undertaken, as well as the number of outstanding shares 

repurchased. Moreover, UK legislation, while significantly different from 

that of the US, provides a certain degree of flexibility, which is not similarly 

favourable for firms in terms of flexibility contained within the relevant leg- 

islation in other European countries. This chapter focuses on open-market 

share repurchases, excluding other forms of buyback and it aims to shed 

some light on the execution of repurchases, taking the long-term underly- 

ing motivation as given, similar to the approach followed by Cook, Krigman, 

and Leach, 2004. This is because repurchases in the open market not only 

constitute the most common way of repurchasing shares, but also because 

companies are more exposed to market fluctuations and other phenomena 

that directly impact stock prices, such as variations in market liquidity, volatil- 

ity and risk. We are chiefly interested in the short-term strategic motivation 

that drives companies in the execution of the repurchase, that is when to 

buy back and in what amount. 

We investigate an important set of research questions that aim to reveal 

new evidence behind the execution of the buyback. These include the fol- 

lowing: i) What are the drivers behind open-market share repurchase pro- 

grammes? ii) Do companies tend to repurchase their shares within spe- 

cific macroeconomic conditions? What is the role of market variables in 
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the strategic repurchase decision by firms? and iii) How does market liq- 

uidity have an impact on the repurchase programme? In answering these 

questions, our analysis makes a number of key contributions. We augment 

the literature that tests the liquidity hypothesis in share repurchases (Brock- 

man, Howe, and Mortal, 2008; De Cesari, Espenlaub, and Khurshed, 2011), 

finding that market liquidity constitutes an important explanatory variable in 

the UK market. Using five different liquidity measures, we provide strong 

evidence suggesting that the short-term strategic motivations behind the 

execution of an open-market repurchase are not necessarily related to the 

underlying long-term stated motivation. We also find that stock price and 

market price performances constitute important explanatory variables of the 

repurchase activity. Moreover, to the best of our knowledge, we are the first 

to include systematic risk as an additional regressor, finding that buybacks 

are strongly influenced by a stock’s sensitivity to market returns. This chap- 

ter provides a further methodological contribution, applied to the repurchase 

literature, by employing censored quantile regression (CQR), following Pow- 

ell, 1986. Lastly, our data comprise of a unique manually collected data  

set civering 37,938 daily repurchase transactions that took place in the UK 

between 2003 and 2017. 

We begin by investigating the decision to repurchase in a given month, 

using a logistic regression model, where the dependent variable is equal to 

one if the company is involved in any repurchase activity and zero other- 

wise. We include a full set of stock-specific and market related variables  

as regressors. Our results show strong support for the liquidity hypothe- 

sis and, in particular, they indicate that companies repurchase their shares 

when market liquidity is higher. We also find that repurchases are executed 

when market returns are negative and when systematic risk is higher. 

We also employ a Tobit model where the dependent variable is expressed 

as a percentage of shares repurchased over total shares outstanding, in or- 

der to uncover evidence relating to the factors that affect the amount of 

shares repurchased in each time period. Our results are generally con- 

sistent with the theory (see, e.g. Brockman, Howe, and Mortal, 2008) and 
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also provide new evidence to the repurchase execution. We find that the 

percentage of shares repurchased is positively related to previous months’ 

systematic risk levels and negatively related to previous months’ market re- 

turns. However, Tobit models, while extremely popular in the corporate fi- 

nancial literature, may suffer from serious econometric limitations, for exam- 

ple when the assumptions of homoskedasticity and normality of the residu- 

als are violated. We provide statistical evidence for heteroskedasticity and 

non-normality within our sample and implement censored quantile regres- 

sion (CQR) instead, which is robust to these issues. Our methodological 

contribution leads to a significantly improved model fit and provides interest- 

ing insights with respect to the significance of the regressors across the dif- 

ferent quantiles. Lastly, we investigate whether the number of transactions 

that take place every month are influenced by the same set of variables used 

for the Tobit and CQR estimation. Our results reveal that market liquidity is 

an important explanatory variable for frequent repurchasers, who increase 

their activity when market liquidity is low. We also find consistent results in 

terms of significance and expected sign for the other variables included in 

the model. 

In our third essay, we empirically estimate welfare gains from interna- 

tional trade within the Eurozone from 1999 to 2015. Within the international 

trade literature, welfare gains have assumed growing importance and sev- 

eral studies have attempted to measure them. A study of the Eurozone is 

topical, relevant and interesting, since the Eurozone comprises of a pool  

of heterogeneous countries who share a unique currency and a common 

monetary policy. There is a significant literature that investigates the impact 

that a currency union (CU) has on trade (Rose, 2000; Glick and Rose, 2002; 

Glick and Rose, 2016). However, evidence on the effect that sharing a com- 

mon currency has on gains from trade is more limited. Within this context, 

we investigate the following set of research questions: i) How have Euro- 

zone economies benefited from the introduction of the euro in terms of gains 

from trade? ii) Are trade gains similar across member economies and over 
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time? and iii) Do peripheral countries benefit more from the common cur- 

rency in terms of welfare gains from trade? The answers to these research 

questions will enhance the literature on the measurements of welfare gains 

from trade, which is an extremely contemporary topic among international 

trade economists. Moreover, the focus on the euro area will prove useful to 

the current debate around the stability of the Eurozone and the interest of 

academics and policy makers toward the growing integration of Eurozone 

economies. 

Our empirical analysis makes three main contributions to the existing lit- 

erature. First, we empirically estimate welfare gains from trade within the 

Eurozone using the model outlined by Arkolakis, Costinot, and Rodríguez- 

Clare, 2012. They argue that welfare gains can be estimated using only 

two aggregate statistics. Moreover, their theoretical specification is robust 

to a wide variety of trade models, including the Armington, the Ricardian 

and Melitz, 2003 models. Second, we make a methodological contribution 

for the estimation of the elasticity of exports with respect to trade costs by 

using the Poisson pseudo-maximum likelihood (PPML). PPML constitutes 

an alternative methodology to the widely employed pooled OLS (POLS), 

random and fixed effects models extensively used within the international 

trade literature. The main benefit of PPML regards its robustness to het- 

eroskedasticity and zero trade flows, as well as the fact that it preserves the 

exponential form of gravity models employed for the estimation of trade cost 

elasticity. Lastly, we show that joining a CU does not have strong impact  

on welfare gains. Nevertheless, differences between northern and southern 

economies within the Eurozone are not found to be negligible. Certain coun- 

tries, such as Italy, Spain, Portugal and Greece show lower gains from trade 

when compared to, for example, Germany. Moreover, the gains from trade 

of these economies have not increased significantly from the introduction of 

the euro. 

Arkolakis, Costinot, and Rodríguez-Clare, 2012 postulate that, for a large 

class of trade models, welfare gains from trade can be estimated by simply 
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using the share of expenditure on domestic goods and the elasticity of ex- 

ports with respect to trade costs. Furthermore, this elasticity measure can 

be estimated with the use of gravity models, which have been shown to de- 

scribe trade flows fairly accurately since the seminal works of Tinbergen, 

1962 and Anderson, 1979. We employ a gravity model using trade data for 

more than 200 countries spanning 17 years using a complete set of vari- 

ables that capture different aspects of economic, social and geographical 

barriers, as well as bilateral tariffs. We provide an estimation of trade cost 

elasticity using standard estimators, which include pooled ordinary least 

squares (POLS), fixed effects and random effect, in line with the literature. 

In addition, we provide a methodological contribution implementing PPML 

estimators, which account for the econometric limitation of standard panel 

data techniques. In particular, these include heteroskedasticity, zero trade 

flow, multi-way clustering and the computational limitations resulting from 

the inclusion of all possible sets of fixed effects. 

We find robust estimates of trade cost elasticity that are generally con- 

sistent with the most recent studies and we use it in the estimation of gains 

from trade. Our findings suggest that joining a CU does not result in signif- 

icantly greater trade gains. Nevertheless, we observe significant variability 

both across countries and over time. For instance, southern economies 

report lower gains as compared to northern economies. Small countries 

who joined the Eurozone at a later stage show significantly higher gains, as 

compared to countries who joined at the introduction of the euro. Moreover, 

Germany reports increasing gains over time, while France, Italy and Spain 

do not report significant differences. 

The rest of the thesis is organised as follows. Chapter 2 contains our 

first empirical essay on liquidity spillovers. Chapter 3 investigates share re- 

purchases and market liquidity. Chapter 4 presents an empirical estimation 

of welfare gains arising from trade. Lastly, chapter 5 concludes. 
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Chapter 2 

 
Static and dynamic liquidity 

spillovers: evidence from the 

Euro zone 

ABSTRACT 

This chapter investigates static and dynamic liquidity spillovers for a pool of 

ten Eurozone countries for the period 1990-2015. We estimate a vector au- 

toregressive (VAR) model based on Diebold and Yilmaz (2009) and Diebold 

and Yilmaz (2012) and we provide evidence of static and dynamic trans- 

mission of shocks through the liquidity channel. We propose a static mea- 

sure of liquidity spillovers, which shows total and pairwise average spillovers 

across Eurozone countries. Our measure shows strong evidence of inter- 

connection within the Eurozone through the liquidity channel. We investigate 

further the dynamic intensity and direction of liquidity spillovers, finding sig- 

nificant evidence of contagion during crisis periods. Our results indicate that 

most of the shocks during periods of financial uncertainty come from core 

economies within the Euro area. 
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2.1 Introduction 

 
The recent global financial crisis (GFC) of 2007-2009 is one example of 

crises of local origin that spread their effects across markets and asset 

classes. In a world characterised by growing globalisation and integration of 

financial markets and higher mobility of capitals, understanding the nature 

of financial contagion is of fundamental importance (Longstaff, 2010). For 

instance, the study of spillovers in relation to global shocks has been con- 

sidered a relevant and contemporary topic since the GFC. The sudden and 

dramatic default of sub-prime borrowers in the American mortgage market, 

with the default of international financial institutions, such as, for example, 

Lehman Brothers, jeopardised global equilibria, rapidly causing persistent 

periods of illiquidity and high volatility across leading and emerging stock 

exchanges. In other words,  the sub-prime crisis constituted a catalyst for  

a much broader crisis at a global level (Longstaff, 2010). However, while 

the GFC was one of the most noteworthy events of the new millennium, it 

is neither the first nor the last example of financial crisis that begins in one 

country, but propagates its effects to other economies. More recently, the 

Irish banking sector and the Greek sovereign debt crises, driven by liquidity 

shortages, seriously challenged the Eurozone’s stability, forcing policy mak- 

ers to suddenly take counteractions to stem possible propagation to other 

economies with fundamental structural weaknesses. For example, the Eu- 

ropean Central Bank (ECB) began buying assets from commercial banks in 

March 2015 as part of its non-standard monetary policy measures to help 

the economic growth of the Eurozone nations. 

Sudden and pervasive liquidity drops have also been acknowledged as 

the main players in otherwise puzzling market episodes (Chordia, Roll, and 

Subrahmanyam, 2000). For instance, Roll (1988) and Amihud, Mendelson, 

and Wood (1990) ascribe the 19th of October 1987 market crash to be pro- 

voked by a widespread temporary reduction in liquidity. In addition, various 

studies provide evidence of return and volatility transmission across leading 

stock exchanges in connection with the 1987 crash (Hamao, Masulis, and 
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Ng, 1990; King and Wadhwani, 1990). While certain events are indirectly 

related to liquidity drops, others, such as the Long Term Capital Manage- 

ment (LTCM) default, have been mainly caused by a failure of adequately 

accounting for liquidity considerations. For instance, Brunnermeier and Ped- 

ersen (2009) document that the collapse of the LTCM was mainly due to an 

excessive exposure to liquidity risk, even though market risk was hedged. 

Liquidity has been investigated under several angles. First, in terms of 

the characteristics of liquidity, such as its time-varying nature and the per- 

sistence of shocks. It is widely accepted in the literature that liquidity is not a 

static phenomenon, but changes over time (Amihud, 2002). This behaviour 

is driven by several factors that directly affect the optimal inventory level held 

by market makers, i.e. the presence of informed traders, the transparency of 

information, the number of liquidity providers with their access to capital and 

overall uncertainty. The second, studies investigate the pricing of liquidity 

risk and how it changes over time (Amihud and Mendelson, 1986; Chordia, 

Roll, and Subrahmanyam, 2000; Amihud, 2002; Pástor and Stambaugh, 

2003; Acharya and Pedersen, 2005). However, in the light of current uncer- 

tainty and the repeated phenomena of contagion that took place in the last 

decade, there is a growing interest towards sources of liquidity shocks. In 

particular, studies seek to investigate if shocks have an internal or external 

origin, their intensity, direction and channels of transmission. 

The present chapter aims to uncover new evidence on the transmission 

of liquidity and volatility shocks, within and across countries belonging to the 

euro area. We develop a set of important research questions: i) Is there a 

spillover effect through the liquidity channel among Eurozone countries?, ii) 

What is the intensity and direction of illiquidity shocks among heterogeneous 

but integrated markets? and iii) Is the spillover effect constant over time or 

does it provide evidence of contagion? The answers to these questions ex- 

tend the recent literature in this field (Andrikopoulos, Angelidis, and Skintzi, 

2014; Smimou and Khallouli, 2015), through the better understanding of 

the nature of contagion in financial markets and its fundamental importance 

for regulators and policy makers, involved in a constant effort to promote 
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stability within the Euro area. In fact, due to the inconclusive evidence on 

the potential channels of transmission among Eurozone economies (Mac- 

Donald, Sogiakas, and Tsopanakis, 2018), we aim to shed more light on 

the liquidity spillover effect across these economies. We are interested in 

the Euro area and the transmission of liquidity and volatility spillovers for 

two reasons. First, because shocks in market liquidity and volatility have 

been shown to be driven by regional and international factors (Brockman, 

Chung, and Pérignon, 2009; Andriosopoulos, Chronopoulos, and Papadim- 

itriou, 2014; Amihud et al., 2015). Second, because the shared monetary 

policy and the unique currency constitute a further enhancement of syn- 

chronicity, which make the Eurozone different from other realities (Glick and 

Rose, 2016) and support the existence of a particularly strong degree of 

interconnection. Lastly, because the sample includes leading economies  

at a world level, such as Germany, France and Italy, as well as small and 

peripheral countries, i.e. Portugal and Greece. This aspect has not been 

investigated in Andrikopoulos, Angelidis, and Skintzi (2014), who limit their 

analysis to the G7 stock markets. Furthermore, the predominant US-centric 

literature demands for further investigation of other contexts that can en- 

hance the understanding of this relevant and growing phenomenon. We 

focus on the stock market, due to its importance for economic growth, so- 

cial welfare and political reform (Andriosopoulos, Chronopoulos, and Pa- 

padimitriou, 2014) and given the ample evidence that the financial channel 

constitutes the primary vehicle of spillovers across economies (Forbes and 

Rigobon, 2002; Longstaff, 2010; Smimou and Khallouli, 2015). 

Several key results emerge from our analysis. First, we provide a handy 

measure that describes both pairwise and total spillovers across Eurozone 

markets. Our measure, obtained from vector autoregressive (VAR) models 

in a similar fashion to Diebold and Yilmaz (2012), provides supporting evi- 

dence of strong interconnection among economies. The spillover table that 

we derive includes also information regarding the source and intensity of 

spillovers. Second, we provide evidence of contagion, based on the defi- 

nition of Forbes and Rigobon (2002) and Longstaff (2010). We show that 
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spillovers are time-varying and they tend to increase in connection with the 

introduction of the euro and the GFC. We provide the interesting finding that 

much of the spillover effect during the GFC is due to leading economies 

within the euro area, i.e. Germanny, France and Italy. In contrast, we note 

that peripheral countries are mostly receivers of shocks, except when the 

source is internal, in which case they become transmitters to other markets, 

as in the case of the Greek sovereign debt crisis. 

Sudden and pervasive illiquidity shocks can be originated internally, i.e. 

within a specific country or stock market, or externally, when transmitted 

through spillovers. The high degree of financial integration among mar- 

kets at an international level indicate that what happens in one country is 

likely to affect other countries (King and Wadhwani, 1990). For example, 

there are ample evidence of commonality in liquidity at a regional and global 

level (Brockman, Chung, and Pérignon, 2009) and of illiquidity return pre- 

mia (Amihud et al., 2015). When a shock in one country spreads its effects 

to other economies, this phenomenon is generally known as contagion. It 

can be interpreted as a significant increase in cross-market linkages after 

a shock to one country (Forbes and Rigobon, 2002; Longstaff, 2010). This 

definition brings two significant implications. First, interdependence is not a 

sufficient condition, since contagion requires increased co-movements be- 

tween markets. Second, it does not reveal the source and intensity of the 

shock. For example, it does not disentangle the origin of a shock in the US 

that spreads to the UK and then to Japan. To this extent, this dynamic has 

been partly explained as shift-contagion (see Smimou and Khallouli, 2015). 

The existing literature identifies four channels of contagion (Longstaff, 

2010; Smimou and Khallouli, 2015; Guidolin, Fabbrini, and Pedio, 2015). 

The information channel, which takes place when a shock in one market sig- 

nals economic news that directly or indirectly impact security prices in other 

markets (King and Wadhwani, 1990). Another vector of transmission takes 

place via the liquidity channel. As outlined by Smimou and Khallouli (2015) 

liquidity shocks may be internal, those driven by economic fundamentals, 

or exogenous. Brunnermeier and Pedersen (2009) propose that investors 
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who suffer losses in one market may have funding constraints also in other 

markets, so that overall market liquidity deteriorates. Furthermore, internal 

liquidity shocks in one market may increase uncertainty and episodes of in- 

vestors’ withdrawal in other markets, as in the case of the 19th October 1987 

market crash. Another channel takes place via the flight-to-quality channel, 

when investors switch to safer securities from riskier investments. A typical 

example is constituted by the switch from stocks to bonds. Lastly, a fourth 

mean of contagion can be realised through a risk channel, when a shock 

in one market is followed by an increase in the risk premia in other mar- 

kets (Acharya and Pedersen, 2005). Consequently, contagion occurs when 

negative returns in the distressed market affect subsequent returns in other 

markets, providing supporting evidence to the time-varying nature of risk 

premia (Amihud et al., 2015). 

This chapter seeks to present the spillover dimension of illiquidity shocks 

across Eurozone markets. We provide a threefold contribution. First, we in- 

troduce an innovative measure that captures the average pairwise and total 

spillover effects, which we define illiquidity spillover index (ISI). We construct 

the ISI adapting the model by Diebold and Yilmaz (2009) and Diebold and 

Yilmaz (2012) for volatility spillovers, which received growing applications 

in the recent financial literature, but not for liquidity transmission channels 

(e.g. see Antonakakis and Vergos, 2013; Magkonis and Tsopanakis, 2016; 

Magkonis and Tsouknidis, 2017). Second, we provide evidence of contagion 

across Eurozone countries.  In particular, we show that leading economies, 

i.e. Germany, France and Italy are dominant transmitters of shocks through 

the liquidity channel, particularly in periods of financial uncertainty. We do 

this by using a dynamic version of the spillover index obtained with a 200- 

weeks rolling window estimation, which captures the time-varying behaviour 

of shocks’ transmission. Lastly, we extend previous studies in this field by 

including the direction and intensity of illiquidity spillovers (see, for example 

Andrikopoulos, Angelidis, and Skintzi, 2014; Smimou and Khallouli, 2015). 

Our findings provide important implications both for investors and regulators. 
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In particular, our results constitute an handy measure to signal early warn- 

ing for emergent crises or to monitor the development of existing crises. The 

rest of the chapter is organised as follows. Section 2.2 reviews the existing 

literature and formulates the hypotheses. Section 2.3 explains the method- 

ology and section 2.4 describes the data. The last two sections report the 

empirical analysis and concluding remarks. 

 

2.2 Literature review 

 
The literature on contagion documents that a shock in one market or in an 

asset class can rapidly spillover to other markets. Moreover, there are ample 

evidence that the main channel of transmission is the financial channel (Smi- 

mou and Khallouli, 2015). The reason for this is primarily due to the high 

degree of financial connectedness across leading stock exchanges world- 

wide. However, interconnection is not sufficient to talk about contagion. For 

instance, the literature provides alternative and yet complementary defini- 

tions of financial contagion. Kyle and Xiong (2001) define it as the result of 

declining asset prices, the tightening of liquidity and the rise in volatility that 

spread from one market to another. Forbes and Rigobon (2002) describe  

it as an episode of increasing cross-market linkages as a result of a shock 

to one market (see also Longstaff, 2010). This implies that if two markets 

show a high degree of co-movements during periods of stability, even if mar- 

kets continue to be highly correlated after a shock to one of them, this may 

not be contagion, but only interdependence. Forbes and Rigobon (2002) 

reviewed several studies focusing on the various methodologies adopted to 

support evidence of contagion. They show that cross-market correlation is 

time-varying and dependent on volatility, which implies that linkages across 

countries vary over time (King and Wadhwani, 1990). King and Wadhwani 

(1990) tested stock market cross-contagion between US, UK and Japan 

around the October 1987 crash, while Lee and Kim (1993) extend further 

the sample incorporating 12 major stock markets. Bae, Karolyi, and Stulz 
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(2003) present evidence of contagion associating this phenomenon to ex- 

treme returns, using a multinomial logistic regression model. The literature 

classifies four distinct spillover channels: correlated-information, liquidity, 

flight-to-quality and risk channels. Under the information channel, a shock 

to one market is interpreted as economic news that affects price equilibria in 

other markets. In other words, after a price shock in one market, investors 

adjust their expectations about future cash flow in other markets. King and 

Wadhwani (1990) introduce a model based on rational expectations on price 

equilibrium, in which contagion occurs as a result of rational attempts to use 

imperfect information from other markets. They report evidence of conta- 

gion showing that investors update their information set based on imperfect 

information. This results in a contagion effect. 

The liquidity channel refers to the liquidity shock in one market that prop- 

agates to other markets. Brunnermeier and Pedersen (2009) coin the term 

“liquidity spirals”, which describes the dynamic relationship between market 

and funding liquidity. While market liquidity regards the ease of trading and 

is related to the cost of buying and selling a security, funding liquidity is the 

property of both securities and agents that trade. A security is considered 

to have a good funding liquidity if it is easy to borrow using the security as 

collateral. An agent has good funding liquidity if he is plenty of capital or has 

considerable access to financing with low margin requirements. When fund- 

ing liquidity is largely available, market makers can satisfy even large orders 

with low margins and increase overall liquidity. This situation creates a posi- 

tive effect on market liquidity due to favourable funding conditions. Similarly, 

also market liquidity affects funding. Periods of higher liquidity and lower 

volatility make easier to finance traders’ positions with lower margins. Liq- 

uidity spirals work in reverse during market downturns and this interaction is 

potentially more violent (Brunnermeier and Pedersen, 2009). When funding 

liquidity is constrained, market makers reduce liquidity and increase trans- 

action costs, which hamper even more the ability of liquidity to dry up. These 

dynamics were also at the basis of the GFC of 2007-2009, in which liquidity 

shocks generate declines in the amount of funding available to leveraged 
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individuals in other markets (Brunnermeier and Pedersen, 2009). Longstaff 

(2010) reports evidence of contagion primarily propagated through liquidity 

and risk-premium channels. We build on this solid theoretical foundation in 

analysing the liquidity channel of shock transmission within the Eurozone. 

The analysis includes the investigation of spillover effects from countries 

with liquidity constraints to other countries, providing evidence of flight-to- 

liquidity. 

Shocks can be transmitted also through the flight-to-quality channel (Ca- 

ballero and Kurlat, 2008). This mechanism refers to the episodes in which, 

following a shock to one market, investors switch their preferences to safer 

securities  (Guidolin,  Fabbrini,  and Pedio, 2015). The literature that dis- 

cusses this transmission mechanism focuses primarily on the relationship 

between stocks and bonds (Gonzalo and Olmo, 2005; Baur and Lucey, 

2010), but extends existing studies to cross-assets contagion. For instance, 

Longstaff (2010) reports episodes of spillover across asset classes within- 

country, rather than across economies. He observes that transmission mech- 

anisms form sub-prime asset-backed collateralised debt obligations (CDO) 

and stock and bond markets during the GFC. 

The last mean of contagion takes place via the risk premium channel.  

A negative shock in one market is associated with greater risk premia in 

other markets, implying a time-varying nature of risk premia. Investors who 

suffer losses in one market may be more risk averse also in other markets 

as a result of a shock. For instance, Acharya and Pedersen (2005) derive a 

liquidity-adjusted capital asset pricing model, which captures the effects of 

shocks to risk premium equilibria. 

The four channels of transmission generate greater spillover effects when 

markets are particularly integrated. This was evident during the GFC, where 

the increased uncertainty following the sub-prime crisis in the US hampered 

overall liquidity at a global level. Mollah, Quoreshi, and Zafirov (2016) iden- 

tify the banking sector as the main transmission channel of the GFC be- 

tween the US and the Eurozone countries. The literature classifies two types 

of market integration across international stock exchanges. One type relates 
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to the impact of regional phenomena to a global perspective, such as the in- 

troduction of the Euro or the Asian crisis (Gę bka and Serwa, 2006). Another 

type investigates financial integration between regional stock markets and 

leading stock exchanges. Both strands of literature investigated contagion 

in terms of returns and volatility spillovers. Hamao, Masulis, and Ng (1990) 

studied the effect of returns and volatility spillovers across international stock 

markets following the October 1987 market crash in a GARCH framework. 

In a similar fashion, King and Wadhwani (1990) provide evidence of con- 

tagion using cross-correlations and high frequency data for leading stock 

exchanges. Recent studies apply vector autoregressive (VAR) models to 

estimate the degree of causal relationship for pairwise countries. Beirne 

and Gieck (2014) examined interdependence and contagion across different 

asset classes for 60 economies using a global VAR model. While VAR mod- 

els have been widely employed, they suffer from limitations due to certain 

econometric constraints. In particular, regarding the ordering of variables 

that produces different results in the Cholesky factorisation. An alternative 

approach is proposed by Diebold and Yilmaz (2009) and Diebold and Yilmaz 

(2012), who introduced an innovative measure of volatility spillovers that 

captures interconnections in a more dynamic setting. Diebold and Yilmaz 

(2009) report evidence of return and volatility spillovers across 19 global 

equity markets. While their first model was also based on Cholesky fac- 

torisation, in their second work, they overcame this limitation. Diebold and 

Yilmaz (2012) focused on volatility spillovers across asset classes within 

the US, rather than across markets. Antonakakis and Vergos (2013) imple- 

mented the methodology of Diebold and Yilmaz (2009) and Diebold and Yil- 

maz (2012) in the context of bond yield spillovers within the Euro area, find- 

ing that shocks originated in peripheral countries have substantially greater 

destabilising force, compared to shocks from core economies. 

Despite an extensive literature that attempts to investigate contagion and 

spillovers across leading stock exchanges exist, evidence regarding the Eu- 

rozone are limited and controversial. Andrikopoulos, Angelidis, and Skintzi 

(2014) provide evidence of liquidity, return and volatility spillovers among the 
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G7 stock markets. Even though their sample is constituted by the leading 

stock markets in the World and provides interesting insights on the presence 

of spillovers, the Euro Area has some more particular features related to in- 

tegration. Differently from other currency unions, European regulators con- 

stantly try to promote integration and synchronicity across countries. Fur- 

thermore, the presence of core and peripheral countries in the same cur- 

rency union allows us to assess which economies work as transmitters and 

which as receivers of liquidity and volatility shocks. Smimou and Khallouli 

(2015) analysed illiquidity spillovers in the Eurozone, finding the existence 

of shift-contagion and pairwise causal relationship during the GFC. Shift- 

contagion refers to the phenomenon in which a shock is transmitted to a 

country and then further transferred to another country. Even though both 

studies find evidence of liquidity spillovers using Granger causality test on 

VAR, their methodology can only capture pairwise time-invariant causality. 

In addition, Granger causality suffers from a series of limitations and cri- 

tiques1. 

 
 

2.3 Methodology 

We investigate channels of transmission of liquidity and volatility in the Eu- 

rozone, using a sample of ten countries, namely Austria, Belgium, Finland, 

France, Germany, Greece, Italy, Netherlands, Portugal and Spain. These 

countries constitute 96% of the total gross domestic product (GDP) and 95% 

of the total market capitalisation of the Eurozone and thus they can provide 

a fuller picture of it2. Moreover, the sample analysed here is coherent with 

other studies in this field (Amihud et al., 2015; Smimou and Khallouli, 2015). 

We collect data on daily adjusted closing prices, bid and ask prices and vol- 

umes from Thomson Reuters Datastream, regarding all the stocks listed in 

the 10 exchanges, from 01/01/1990 to 31/12/2015. All data regarding prices 
 

1One formal discussion regarding possible drawbacks of this test is provided by Granger 

(1988) himself. 
2The figures refer to 2015 
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|Ri,t | , where Ri,t is the daily return and Voli,t is the daily volume Voli,t 

2|Pt − Pm|/Pt 

2|Pt − Pm|, where Pt is the adjusted closing price Effective spread (ES) 

Proportional effective 

spread (Prop. ES) 

Illiquidity (illiq) 

(Pa − Pb)/Pm, where Pm is the mid price obtained as (Pa + Pb)/2 
spread (prop. QS) 

Pa − Pb, where Pa is the ask price and Pb is the bid price 
quoted 

Quoted spread (QS) 

Proportional 

 

TABLE  2.1: Variable definitions 
 

 

and volumes for the period preceding the introduction of the euro are all ex- 

pressed in euro. Datastram converts all historical data as soon as the new 

currency becomes effective for transactions. The 25 years time-window per- 

mits to obtain reliable estimates and also includes major market downturns 

originated both within and outside the union. 

 
2.3.1 (Il)liquidity measures 

 
Several measures exist to proxy liquidity, both direct and indirect, mostly 

based on bid and ask prices and volumes. Since all the facets of liquidity can 

not be captured by a single measure (Amihud, Mendelson, and Pedersen, 

2012), we employ 5 different proxies widely applied in the microstructure 

literature (e.g. see Chordia, Roll, and Subrahmanyam, 2000; Amihud, 2002; 

Acharya and Pedersen, 2005; Foran, Hutchinson, and O’Sullivan, 2014). 

In particular, liquidity is measured using the quoted spread, proportional 

quoted spread, effective spread, proportional effective spread and Amihud 

(2002) ILLIQ, which is a measure for illiquidity. A detailed description of the 

measures is provided in table 4.1. 

While spread proxies are considered direct measures, volume-based 

proxies are indirect measures. Amihud (2002) captures the response of 

price to order flow, through the absolute price change per dollar of trading 

volume, based on a measure defined λ (Kyle, 1985). Kyle (1985) proposes 

that prices are an increasing function of the imbalance in the order flow, 

caused by the fact that market makers can not distinguish between the or- 

der flow generated by informed and uninformed traders. Amihud (2002), 

using his proxy, studied the cross-sectional and time varying aspects of 
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illiquidity, finding that expected stock returns are an increasing function of 

expected illiquidity and that illiquidity is persistent over time. Since its intro- 

duction, Amihud (2002)’s price impact found strong support and wide appli- 

cations. Goyenko, Holden, and Trzcinka (2009) compared several liquidity 

measures in order to test whether they are actually appropriate to measure 

liquidity. They provide two important findings. Firstly, ILLIQ constitutes the 

best trade impact measure that proxies liquidity among those tested in their 

study, particularly in recent years. Secondly, the use of lower frequency 

data (e.g. weekly or monthly) can usefully estimate high-frequency mea- 

sures, so that the effort of using high-frequency data is not worth the cost 

(and the econometric drawbacks). Indirect proxies are also often employed 

since other direct measures, such as those based on bid and ask prices, 

may not be available for a large data set or long time periods. Further sup- 

port comes from Sadka (2006) who found the highest pairwise correlation 

between ILLIQ and the fixed and variable components of its time-varying 

liquidity decomposition model. 

We obtain a measure for market liquidity as the equally-weighted aver- 

age of the individual stock-specific measures for each stock in each market 

on a weekly basis. A similar approach is performed to obtain weekly aver- 

age volatility. The estimation, performed at a weekly frequency is in line with 

past studies (e.g., see Smimou and Khallouli, 2015), thus offering a mean 

of comparison. 

 
2.3.2 Static and dynamic spillovers 

 
The literature that investigates cross-asset and cross-market linkages often 

employs VAR models. Vastly popularised since the work of Sims (1980), 

these models provide an interpretation to a complex multivariate relationship 

across time-series. In its simplest form, a bivariate VAR with one lag can be 
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represented as:  

y1,t  = β1,0 + β1,1y1,t−1 + α1,1y2,t−1 + u1,t 

y2,t  = β2,0 + β2,1y2,t−1 + α2,1y1,t−1 + u2,t 

 
 
 

(2.1) 

 

where the error terms are white noise with E(ui,t) = 0 and E(u1,t, u2,t) = 0. 

A general VAR(k) model for n variables and k lags can be formalised as: 

 
yt = B0 + B1yt−1 + Bkyt−k + ut (2.2) 

where yt  is a N x 1 vector of endogenous variables,  B0  is a N x 1 vector 

of intercepts, Bi  are the N x N matrix of vector autoregressive coefficients 

and u t  is a N-dimensional white noise process,  with  E(u t) = 0,  constant 

variance E(u tu tJ) = Σu  and E(u tusJ) = 0  for s  ƒ= t.  Coefficients can be 

estimated using multivariate least squares. However, an important condition 

that the VAR model needs to meet is stationarity, that is the process has a 

time-invariant first and second moments. 

Time-invariant parameters, however, may not be sufficient to capture the 

time-varying behaviour of financial time-series, particularly when the rela- 

tionship is dynamic (Ang and Timmermann, 2012; Guidolin, Fabbrini, and 

Pedio, 2015). Several examples in the literature report the unstable be- 

haviour of financial time-series. Bull and bear markets, which are cycles of 

financial expansion and contraction. Volatility clustering, in which periods of 

high (low) volatility are followed by periods of high (low) volatility (Bollerslev, 

1986). Also liquidity is time-varying (Amihud, 2002; Acharya and Peder- 

sen, 2005). To account for time-varying conditions of the financial markets 

and to adjust for the dynamic relationship, static VAR models may not be 

adequate, but they should be complemented with a dynamic version that 

accounts for these relationships. For instance, King and Wadhwani (1990) 

argue that links between stock markets change over time. We analyse illiq- 

uidity spillovers across Eurozone’s markets employing a modified version of 

Diebold and Yilmaz (2012) and Diebold and Yilmaz (2015). This method- 

ology is based on a VAR modelling technique and the resulting estimation 
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k=1 

 

of variance decomposition. This approach, built on previous works from 

Koop, Pesaran, and Potter (1996) and Pesaran and Shin (1998), allows us 

to measure directional illiquidity spillovers in a generalised VAR framework 

that overcomes the possible effects of variable ordering. Previous evidence 

of financial contagion through the liquidity channel provide limited findings 

due to methodological constraints. Among others, Andrikopoulos, Angelidis, 

and Skintzi (2014) uncovered evidence of Granger causal relationship be- 

tween G7 stock markets in returns, volatility and illiquidity. A similar method- 

ology is employed in Smimou and Khallouli (2015) for liquidity spillovers for 

a set of Eurozone countries. Although both studies adopt variance decom- 

position as robustness test, they are limited by the ordering of variables and 

only capture pairwise causation. 

The present essay differs from these recent contributions under several 

perspectives. First of all, it provides an innovative illiquidity spillover index 

(ISI) able to capture the contribution of spillovers of illiquidity shocks across 

markets. Secondly, differently from variance decomposition and Cholesky 

factorisation, the results are invariant by the ordering of variables. Lastly, 

this essay estimates the intensity and direction of gross and net spillovers. 

In fact, models based on Granger causality and variance decomposition can 

only capture pairwise correlation, which is constant over the full sample. Re- 

cent economic events, characterised by turbulence, growing integration and 

worldwide shocks, make unlikely that fixed-parameter models apply over the 

entire sample, thus requiring a more dynamic approach. For this reason, we 

calculate a dynamic version of spillover analysis using rolling-window esti- 

mation that takes into account the time-varying component of liquidity, con- 

sistently with the major literature (Chordia, Roll, and Subrahmanyam, 2000; 

Brunnermeier and Pedersen, 2009). 

Consider a covariance-stationary N-variable VAR(p) with p lags, of the 

form: 

Xt = 
p 

∑ akXt  k + εt (2.3) 
k=1 

where Xt is a vector of log illiquidity measures, ∑p ak is the matrix of the 
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i=0 

ij 

h=0 

h=0 

i,j 

∗ 

 

autoregressive parameters and εt is a vector of i.i.d. error terms ε  ∼ (0, σ2) 

for each equation in the system. The moving average representation of the 

covariance-stationary VAR(p) is Xt = ∑∞ Aiεt−i, where the Ai is a N × N 

matrix of coefficients that follows the recursion Ai  = ϕ1 Ai−1 + ϕ2 Ai−2  + 

· · · + ϕp Ai−p , with A0 being a N × N identity matrix with Ai = 0 for i < 0. 

Following Diebold and Yilmaz (2012), who use their model on a gen- 

eralised VAR approach based on Koop, Pesaran, and Potter (1996) and 

Pesaran and Shin (1998), in which variance decomposition is invariant on 

variable ordering. It results in an h-step-ahead forecast error variance de- 

composition θg (H) with H = 1, 2, . . . we have: 
 

 
g 

θij 

 

(H) = 
σj

−
j 

1 ∑H−1(eJAh ∑ ej)
2
 

∑H−1(ei JAh ∑ Ah Jei ) 

 

(2.4) 

 

∑ represents the variance matrix for the error vector ε, σj j is the standard 

deviation of the error term for the jth  equation and eJ is a selection vector, 

with one as the ith  element and zeros otherwise.  The entries of the vari- 

ance decomposition matrix are normalised based on the row sum, in order 
to satisfy the condition ∑N θ̃

g  
(H) = 1 , where the superscript θ̃ indicates 

i,j   i,j 

the normalised error variance. The total illiquidity spillover index is then 

constructed as:  
N ˜g 

ISI = 
∑i,j=1;iƒ=j θi,j(H) 

∗ 100 (2.5) 
g 

i,j=1 θ̃
g  
(H) 

and, under the above condition of normalisation, it is equal to: 
 

∑N θ̃
g  
(H) 

ISI =
   i,j=1;iƒ=j   i,j  

100 (2.6)
 

N 
 

This measure describes the average contribution of illiquidity spillovers from 

shocks due to all variables to the total forecast error variance and consti- 

tutes a sufficient tool to estimate how much of shocks come from liquidity 

spillover among Eurozone’s markets. However, the normalised elements of 

∑ 
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j,i 

i,j 

 

the matrix provide further information on the direction of spillovers, transmit- 

ted from market i to all other markets: 

∑N θ̃
g  
(H) ∑N θ̃

g  
(H) 

ISIi 
j  =

   j=1;jƒ=i   j,i 
∗ 100 =

  j=1;jƒ=i   j,i 
∗ 100 (2.7)

 
N 
i,j=1 

θ̃
g  
(H) N 

 

As well as received by market i from all other markets: 
 

∑N θ̃
g  
(H) ∑N θ̃

g  
(H) 

ISIi 
j  =

   j=1;jƒ=i   i,j 
∗ 100 =

  j=1;jƒ=i   i,j 
∗ 100 (2.8)

 
N 
i,j=1 

θ̃
g  
(H) N 

 

A further interesting feature is the computation of the net spillover, which 

shows whether a market is a net receiver or transmitter. The net illiquidity 

spillover from market i to all other markets j is obtained as: 

 

NISIi = ISIi→j − ISIi←j (2.9) 

 
The above measures capture total and net directional spillovers in a simple 

but effective measure. Even though they provide valuable information to the 

transmission of illiquidity shocks, the present study is not limited to a static 

representation of spillovers. Given the time-varying nature of illiquidity and 

the market-wide events that characterise recent history, it is necessary to in- 

clude more dynamic models in the analysis. In fact, single fixed-parameters 

may omit valuable information on illiquidity transmission. To address this 

issue, illiquidity spillovers are estimated in a dynamic setting, using a 200- 

weeks rolling window. 

The VAR model specified only accounts for the transmission of illiquid- 

ity shocks and as such the spillover effect is assumed to take place only 

through the illiquidity channel. Although this specification is robust to the 

different illiquidity measures employed, it may have two potential limitations. 

First, the assumption that shocks are transmitted through the illiquidity chan- 

nels may lead to over-specification and excludes other channels, i.e. the in- 

formation and risk channels. Therefore, this model is not intended to capture 

all possible sources of transmission of shocks, but only those related to stock 

∑ 

∑ 

→ 

← 
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market liquidity. Second, the model does not account for the underlying 

source of the shock that determines the level of country-specific illiquidity. 

Market-specific characteristics have been partially addressed by Claeys and 

Vašíček (2014),  who employ a factor analysis to capture country-specific 

heterogeneity in their augmented VAR model to estimate shocks transmis- 

sion of government bond yields across Eurozone countries. Although bene- 

ficial, it can be argued that this approach is more meaningful in the analysis 

of Claeys and Vašíček (2014), given that government bond yields incorpo- 

rate several different sources of country risk as compared to stock market 

liquidity, which may result in more serious issues of over-estimation of the 

spillover effect. 

 

2.4 Data and descriptive statistics 

Before moving to the empirical estimation of static and dynamic spillovers, 

we provide an initial set of filters to the raw data, since past literature reports 

that equity data from Thomson Reuters DataStream must be handled with 

care (Andrikopoulos, Angelidis, and Skintzi, 2014). In order to minimise the 

risk of data errors we follow Ince and Porter (2006) and Lee (2011). Only 

domestic stocks recorded as equity in DataStream and listed in the main 

stock exchange for which data are available are included. Moreover, data 

are cleaned from possible biases using the following filters: i) zero daily 

returns are coded as missing; ii) daily returns are coded as missing if they 

are greater than 200% and if (1 + ri,d) ∗ (1 + ri,d−1) − 1 ≤ 50%; iii) daily 

returns are coded as missing if their drop in value is greater than 97%; 

iv) stocks with daily volume greater than number of share outstanding are 

deleted; v) daily volumes are coded as missing if their value is smaller than 

100e; vi) market days in which more than 90% stocks have zero returns are 

excluded. 

Table 2.2 reports some statistical properties of our dataset regarding re- 

turns, volatility and liquidity for each market in the sample. We report pro- 

portional quoted spread and ILLIQ to proxy for the direct and indirect impact 
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of liquidity, despite our other liquidity variables confirm these features of the 

data reported. Statistics refer to the equally-weighted weekly averages of in- 

dividual stocks in each market. As shown in table 2.2, most countries report 

average negative returns with Germany showing the highest and Greece the 

lowest. The log of illiquidity indicates France as the most illiquid country and 

Italy the least illiquid. In contrast, PQSPR indicates Portugal as the most 

illiquid and Spain, immediately followed by Italy as the least. Other features 

of the data, such as skewness and kurtosis show that the non-normality of 

the distribution of our variables is prevalent. The features of skewness and 

kurtosis are consistent with the existing findings around the characteristics 

of liquidity. In particular, regarding kurtosis, it is extensively reported in the 

literature that sudden and pervasive drops characterise financial markets, 

as in the case of the October 1987 crash (Roll, 1988). 

Table 2.3 reports the correlation coefficients of volatility and liquidity across 

markets. The table shows evidence of significantly positive correlation of 

volatility across most stock markets, supporting the existence of co-movements 

across Eurozone economies. In contrast, we find evidence of negative cor- 

relation between liquidity measures of different countries. For example, Ger- 

many exhibits negative correlation in illiquidity with Portugal and Spain and 

in PQSPR with Austria, Belgium, Finland and Netherlands. However, the 

magnitude of the estimated correlation coefficients is not particularly high. 

 

2.5 Empirical results 

 
In this section, we present our empirical results on the static and dynamic 

channels of volatility and liquidity transmission for our pool of 10 Eurozone 

countries. We implement our innovative illiquidity spillover index (ISI) to- 

gether with a dynamic approach using a rolling estimation. The latter allows 

to better understand the intensity and direction of spillovers in tranquil peri- 

ods and during increased financial turmoil. 



Chapter 2. Static and dynamic liquidity spillovers: evidence from the Euro 
28 

zone 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

TABLE  2.2: Summary statistics 
 

 Austria Belgium Finland France Germany Greece Italy Netherlands Portugal Spain 
Returns:           

Mean -0.044 0.178 -0.046 -0.117 0.247 -0.216 -0.037 -0.063 0.005 -0.024 

SD 78% 92% 100% 59% 84% 132% 67% 61% 127% 61% 

Min -4.598 -3.783 -5.909 -3.731 -3.137 -8.900 -3.732 -3.550 -5.131 -2.943 

Max 4.915 4.835 6.208 1.985 4.339 6.588 2.681 2.663 5.824 2.285 

Skewness 0.247 0.435 0.164 -0.802 0.062 -0.216 -0.246 -0.564 0.233 -0.410 

Kurtosis 7.831 5.135 7.561 6.237 4.524 6.873 5.291 6.649 4.951 5.035 

Obs. 1,352 1,352 1,352 1,352 1,352 1,348 1,352 1,352 1,352 1,347 

Volatility:           

Mean 2.245 3.260 2.919 2.708 3.572 3.620 2.206 2.318 2.984 2.139 

SD 89% 163% 91% 71% 151% 134% 63% 87% 109% 65% 

Min 0.938 0.596 0.708 1.207 0.858 1.215 0.869 0.971 1.132 0.941 

Max 9.133 10.845 9.587 7.268 11.071 11.275 6.780 8.024 9.927 6.564 

Skewness 2.250 0.334 1.308 1.382 0.386 1.397 1.246 1.856 1.361 1.261 

Kurtosis 12.528 2.591 6.261 6.086 2.989 5.499 6.649 8.132 5.923 6.077 

Obs. 1,351 1,352 1,351 1,352 1,352 1,348 1,352 1,352 1,352 1,347 

Log Illiquidity:           

Mean 1.520 1.561 0.844 1.992 1.683 1.175 -1.016 0.597 1.982 -0.492 

SD 61% 160% 66% 29% 56% 87% 88% 49% 77% 54% 

Min -0.424 -3.030 -1.583 0.504 -0.525 -1.152 -4.491 -1.022 -0.396 -2.545 

Max 3.907 3.516 3.087 2.897 2.836 3.124 0.840 2.790 4.016 1.769 

Skewness 0.132 -1.366 0.063 -0.456 -0.743 0.003 -1.421 0.561 -0.193 0.259 

Kurtosis 2.832 3.485 2.921 3.769 3.467 2.244 4.780 3.843 2.621 3.501 

Obs. 1,352 1,352 1,352 1,352 1,352 1,348 1,352 1,352 1,352 1,347 

Pr. QSPR:           

Mean 0.085 0.064 0.043 0.072 0.083 0.039 0.022 0.027 0.122 0.018 

SD 5.85% 3.99% 2.20% 3.61% 4.74% 2.70% 1.27% 1.50% 6.54% 1.34% 

Min 0.011 0.005 0.011 0.011 0.004 0.001 0.004 0.003 0.023 0.005 

Max 0.251 0.236 0.166 0.193 0.201 0.123 0.083 0.108 0.309 0.098 

Skewness 0.564 0.930 1.248 0.461 0.177 1.144 1.420 1.445 0.267 2.484 

Kurtosis 2.563 4.729 6.388 2.560 1.986 3.010 5.252 5.917 2.034 10.036 

Obs. 757 1,244 1,352 1,352 1,053 907 1,240 1,046 1,156 1,244 

Notes: The table presents summary statistics (mean, standard deviation, minimum and 

maximum values, skewness and kurtosis) for each country. The sample runs from January 

1, 1990 to December 31, 2015. Each observation corresponds to a weekly average. 
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TABLE 2.3: Correlation analysis 
 

Log illiquidity Austria Belgium Finland France Germany Greece Italy Netherlands Portugal Spain 

Austria 

Belgium 

1 
0.5403* 

 
1 

        

Finland 

France 

-0.0463 

0.2532* 

-0.1016* 

0.1287* 

1 
0.2610* 

 
1 

      

Germany 0.4368* 0.3303* -0.2332* 0.1051* 1      

Greece -0.2567* -0.3697* -0.1405* -0.372* 0.1682* 1     

Italy 0.4639* 0.7315* -0.0051 0.1892* 0.3820* -0.1215* 1    

Netherlands 0.2827* 0.1791* 0.0800* 0.3169* 0.3643* 0.0203 0.2362* 1   

Portugal -0.3297* -0.4940* 0.2544* 0.0133 -0.3604* 0.1384* -0.3762* -0.1227* 1  

Spain -0.1709* -0.2613* 0.2879* 0.2071* -0.1769* 0.1185* -0.0457 0.0694* 0.2702* 1 

Pr. QSPR 

Austria 

Belgium 

Austria 

1 
0.2765* 

Belgium 

 
1 

Finland France Germany Greece Italy Netherlands Portugal Spain 

Finland 

France 

0.4563* 
0.1971* 

-0.3356* 

0.7822* 

1 
-0.4690* 

 
1 

      

Germany -0.2996* 0.4411* -0.4725* 0.8253* 1      

Greece -0.4822* 0.2002* -0.6534* 0.4104* 0.6835* 1     

Italy -0.1884* 0.0943* 0.2204* 0.1838* 0.3124* 0.1107* 1    

Netherlands 0.3242* 0.4785* 0.1786* 0.6341* 0.4590* -0.0934* 0.2878* 1   

Portugal -0.2014* 0.4524* -0.5737* 0.7310* 0.7271* 0.4704* 0.0668* 0.2960* 1  

Spain -0.1575* 0.0755* -0.047 0.2440* 0.5128* 0.5934* 0.2534* 0.1258* 0.2897* 1 

Volatility 

Austria 

Belgium 

Austria 

1 
0.4854* 

Belgium 

 
1 

Finland France Germany Greece Italy Netherlands Portugal Spain 

Finland 

France 

0.2683* 
0.6295* 

0.0767* 
0.5967* 

1 
0.4233* 

 
1 

      

Germany 0.6216* 0.6276* 0.0445 0.7249* 1      

Greece 0.1861* 0.0388 -0.0073 0.1325* 0.2274* 1     

Italy 0.3167* 0.2583* 0.3978* 0.4917* 0.2586* 0.2234* 1    

Netherlands 0.5795* 0.5429* 0.4227* 0.8295* 0.6970* 0.1404* 0.4833* 1   

Portugal 0.1218* -0.1042* 0.1981* 0.0957* 0.0184 0.3399* 0.3382* 0.1278* 1  

Spain 0.3928* 0.1407* 0.3743* 0.4091* 0.2580* 0.4414* 0.6404* 0.4134* 0.4930* 1 

Notes: The table presents inter-market correlation in risk and liquidity using one direct 

(PRQSP) and one indirect (log illiquidity) proxies. Correlation is estimated using 1891 

observations, constituted of weekly averages. Each star indicates significance of the 

pairwise correlation coefficient at 5% level. 
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2.5.1 Illiquidity spillovers: static analysis 

We report the full-sample spillover analysis, which estimates the average 

spillover effect across Eurozone stock markets. Tables 2.4, 2.5 and 2.6 

present the results of illiquidity, volatility and liquidity spillovers indices, based 

on the 10-weeks ahead forecast error variance decomposition. Liquidity is 

proxied by proportional quoted spread3. Diebold and Yilmaz (2009) and 

Diebold and Yilmaz (2012) report a similar table that represent volatility 

spillovers across markets and asset classes. We show a similar analysis to 

Diebold and Yilmaz (2009) and Diebold and Yilmaz (2012) regarding volatil- 

ity for Eurozone countries, but we introduce a new measure for direct and 

indirect proxies of liquidity. Table 2.4, that we call illiquidity spillover table, 

shows the average contribution of illiquidity shocks to and from each coun- 

try. Every ijth entry represents the estimated contribution to the forecast 

error variance of country i coming from innovations to country j. Each entry, 

for i ƒ= j, represents the pairwise directional connectedness. For example 

the 3,5 entry (2.3) indicates that shocks in illiquidity to Germany are respon- 

sible for 2.3% of the 10-step-ahead forecast error variance in Finland. The 

last column of the table, labelled “From Others” indicates the sum of the 

total contribution to country i from all other countries j. Similarly, the row 

labelled “To Others” is the column sum of the total contribution from country 

i to all other countries j.  For  instance,  the value of 18 in the fourth entry  

of the rightmost column of table 2.4 means that France receives 18% of its 

variation from the other countries in the Euro area (included in our sam- 

ple). Similarly, each entry in the row sum “Contribution to others” indicates 

the contribution of each country to the forecast error variance of the other 

economies. Finally, the main feature of this table is our new measure, ISI, in 

the lower right corner, which represents the average illiquidity forecast error 

variance in all 10 countries, coming from spillovers. It is measured as the 

grand average, in all cases for i ƒ= j. The value of 14.30% is interpreted as 

the average connectedness of shocks across countries, while the remaining 
3The spillover index for the other liquidity measures is provided in the appendix. 
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85.7% is explained by idiosyncratic shocks. 



 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

TABLE  2.4: Illiquidity spillover index 
 

 AUT BEL FIN FRA GER GRE ITA NET POR SPA From Others 

AUT 84.8 3.5 0.3 1.3 6.6 0.4 0.5 1.5 0.4 0.8 15 

BEL 0.8 88.6 0 0.4 0.1 0.3 7.8 0 1 0.9 11 

FIN 0.2 0.2 89.6 1.8 2.3 0.2 1.6 0.7 1.2 2.3 10 

FRA 0.8 0.7 4.7 81.6 0.9 3 1.2 5.2 0.1 1.8 18 

GER 3.3 0.6 0.2 0.7 85.2 1.8 0.8 3.3 3.1 1.1 15 

GRE 0.2 0.3 0.1 0.6 1.5 94.3 1.5 0.9 0 0.5 6 

ITA 0.3 8.6 1.8 0.3 0.5 1.5 85.5 0.5 0.5 0.5 14 

NET 1.8 0.1 2.7 4.9 6.1 1.5 0.4 81.5 0.6 0.6 19 

POR 0.5 3.9 3.1 0.7 3.2 0.1 0.2 0.8 85.1 2.4 15 

SPA 0.6 1.7 4.4 4.5 1 0.9 3.6 0.9 1.5 80.9 19 

To others 9 20 17 15 22 10 18 14 8 11 143 

Net (From-To) 6 -9 -7 3 -7 -4 -4 5 7 8 14.30% 

Notes: The table shows the illiquidity spillovers to and from each market in the sample, namely Austria, Belgium, Finland, France, Germany, Greece, Italy, 

Netherlands, Portugal and Spain. The estimation is performed on weekly illiquidity averages from 01/01/2000 to 31/12/2015. Each ijth entry represents the 

estimated contribution to the forecast error variance and elements in the diagonal report the own contribution. The column “From Others” reports the row 
sum and the row “To Others” reports the column sum, both excluding own contribution. The number on the bottom right is the illiquidity spillover index and is 
reported in percentage. 
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From table 2.4 it can be noted that the highest share of forecast error 

variance is explained by own country illiquidity spillovers. The elements on 

the diagonal are all above 80%, far greater than the off-diagonal elements. 

While these figure refer to average spillover effects, these finding are in line 

with the internal channel related to the notion of liquidity spirals (Brunner- 

meier and Pedersen, 2009). It can be seen that, on average, Germany  

and Belgium are the dominant transmitters of shocks to other economies, 

while the Netherlands and Spain are the dominant receivers. We find simi- 

lar results to Antonakakis and Vergos (2013), who notice that Netherlands is 

the dominant receiver of bond yield spread spillovers form other Euro zone 

countries. In particular, Germany is the dominant transmitter, explaining 

6.6%, 6.1%, 3.2% and 2.3% of 10-weeks ahead forecast error variance in 

Austria, Netherlands, Portugal and Finland. Andrikopoulos, Angelidis, and 

Skintzi (2014) report unexpected evidence of insignificant Granger causality 

between France and Italy. In contrast, we show that spillover effects do exist 

between these two economies. However, the highest transmission of illiq- 

uidity shocks can be seen from Belgium to Italy. These results are supported 

by the column sum “To others” with Germany explaining 22% of shocks to 

other Eurozone economies. Also the last row of the table, labelled “Net 

(From-To)” reports Germany has one of the three countries with the lowest 

average negative net contribution, together with Finland (-7%) and Belgium 

with the lowest (-9%). These results are of great importance, not only to de- 

scribe the interconnection amongst European countries, but also because 

they constitute an important indicator for regulators in order to understand 

future changes in illiquidity and the sources of shocks. 

Table 2.5 presents similar evidence for the transmission of volatility spillovers. 

The average connectedness measure (52.70%) shows that more than half 

of the total shocks across markets comes from spillovers. It can be seen 

that the diagonal elements of the matrix are higher than 50% only for small 

economies, i.e. Belgium, Finland, Greece and Portugal. In contrast, 10- 

step ahead forecast error variance for all the other countries comes from 
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spillover. The row sum “From Others” shows that France is the highest re- 

ceiver of volatility spillovers. For instance, spillovers in France are explained 

by Netherlands, Germany, Spain and Italy for the 17.8%, 11.6%, 10.3% and 

9.6%, respectively. The row “To others” shows that Spain is the dominant 

transmitter, explaining 16.4% in Italy and around 10% in Austria, France, 

Greece and Netherlands. These evidence are confirmed by the row labelled 

“Net”, where Spain is the highest net transmitter of forecast error variance. 

We also notice that peripheral economies, such as Portugal and Greece, 

contribute the least to spillovers within the Eurozone, about 18 and 20%, re- 

spectively. This evidence is of great interest for regulators, particularly in the 

aftermath of the Greek sovereign bond crisis, that challenged the stability of 

the Eurozone. We will later show that despite the great attention that this 

episode received, the actual transmission of shocks coming from peripheral 

economies is proportional to their size. 



 

 
 
 
 
 
 
 
 
 
 
 
 

TABLE  2.5: Volatility spillover index 
 

 AUT BEL FIN FRA GER GRE ITA NET POR SPA From Others 

AUT 42.8 3.6 3.6 11.6 11.3 1.4 5.2 8.7 1.4 10.4 57 

BEL 2.6 64.6 0.6 8 8.2 0.5 4.8 6.9 0.1 3.6 35 

FIN 4.3 0.5 52.1 13.6 1.6 0.5 5.9 11.2 1.9 8.5 48 

FRA 5.1 3.6 6.6 32.6 11.6 1.5 9.6 17.8 1.4 10.3 67 

GER 5.2 3.2 0.8 12.6 47.3 2 5 14.8 1.2 7.9 53 

GRE 2.2 0.4 0.6 2.7 6.2 65.1 4.8 3.7 3.4 10.8 35 

ITA 3 3.1 5.2 11.4 7.4 2 38.9 9.8 2.8 16.4 61 

NET 3.9 2.6 6.2 16.8 11.1 1.2 9.1 36.9 1.9 10.3 63 

POR 2.7 0.3 2.5 4 3.9 5.7 7.2 4.8 54.8 14 45 

SPA 5.4 1.7 5 9.7 7.7 5.2 14.5 8.8 4.1 38 62 

To others 34 19 31 90 69 20 66 87 18 92 527 

Net (From-To) 23 16 17 -23 -16 15 -5 -24 27 -30 52.70% 

Notes: The table shows the volatility spillovers to and from each market in the sample, namely Austria, Belgium, Finland, France, Germany, Greece, Italy, 

Netherlands, Portugal and Spain. The estimation is performed on weekly volatility averages from 01/01/1990 to 31/12/2015. Each ijth entry represents the 

estimated contribution to the forecast error variance and elements in the diagonal report the own contribution. The column “From Others” reports the row 
sum and the row “To Others” reports the column sum, both excluding own contribution. The number on the bottom right is the volatility spillover index and is 
reported in percentage. 
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In table 2.6 we present evidence of liquidity spillovers, using PQSPR  

as direct proxy. Due to data constraints on the availability of bid and ask 

prices, as also extensively documented in the literature (Amihud, 2002), 

we drop Greece from the estimation and we trim the sample starting from 

01/01/2000. We observe that one fourth of the total shocks is transmitted 

across markets (25%). France and Italy contribute to most of the trans- 

mission, with values of 52 and 50%, respectively. However, France is also 

the dominant receiver (42%). This finding is also supported in the last row, 

where we notice that the greatest net transmitter is Italy. These results are 

partly different from those highlighted in table 2.4, due to a shorter time- 

span. In addition, the smaller number of observations, together with the 

greater value of the index, as compared to the illiquidity measure, suggest 

that the average spillover effects became greater with the introduction of the 

euro and the shared monetary policy. 



 

 
 
 
 
 
 
 

TABLE  2.6: Liquidity spillover index (PQSPR) 
 

 AUT BEL FIN FRA GER ITA NET POR SPA From Others 
AUT 93.1 0.1 1.9 1.2 0.1 0.4 2.8 0.3 0.2 7 

BEL 0.2 77.9 2.7 10.2 0.6 2.8 1.5 0.1 4 22 

FIN 0.5 0.3 72 3.9 1.9 12 7 1.2 1.2 28 

FRA 0.2 4.1 5.7 59.4 12.6 5 10.9 0.4 1.6 41 

GER 0 1.2 2 14.6 61.5 11.1 4.9 0.4 4.4 38 

ITA 0.6 0 8.5 5.1 5.4 76.7 3.2 0.1 0.4 23 

NET 0.2 0.1 9.8 9 3.2 6.4 70.1 0.5 0.8 30 

POR 0.2 0.6 0.7 7.1 0.7 5.5 2.4 81.7 1.2 18 

SPA 1.4 0.3 5.4 0.5 2.2 6.4 0.6 0.6 82.5 17 

To others 3 7 37 52 27 50 33 4 14 225 

Net (From-To) 4 15 -9 -11 11 -27 -3 14 3 25.00% 
Notes: The table shows the liquidity spillovers to and from each market in the sample, namely Austria, Belgium, Finland, France, Germany, Greece, Italy, 
Netherlands, Portugal and Spain. The estimation is performed on weekly liquidity averages of proportional quoted spread from 01/01/1990 to 31/12/2015. 

Each ijth entry represents the estimated contribution to the forecast error variance and elements in the diagonal report the own contribution. The column 

“From Others” reports the row sum and the row “To Others” reports the column sum, both excluding own contribution. The number on the bottom right is the 
liquidity spillover index and is reported in percentage. 
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To capture this feature, we estimate the connectedness measure for 

volatility and illiquidity using three time-windows: 1990-2000, 2000-2015 

and 2005-2010, where the latter aims to capture the transmission of shocks 

in a period that includes the GFC. Table 2.7 reports the result of the con- 

nectedness index over these time-windows. It can be noted that the aver- 

age spillover effect increases over time, with the introduction of the euro and 

during periods of financial distress. In particular, the value of 23.4%, corre- 

sponding to illiquidity around the GFC is very close to the one estimated 

using PQSPR. 

TABLE 2.7: Spillovers sub-samples 
 

 1990-2000 2000-2015 2005-2010 
Volatility 46.6% 62.3% 76.2% 

Log Illiquidity 14.9% 19.4% 23.4% 
Notes: The table shows the volatility and illiquidity spillovers calculated over three 

time-windows: 1990-2000, 2000-2015 and 2005-2015. 

 
Our findings extend previous evidence on volatility and liquidity spillovers 

among leading stock exchanges. Andrikopoulos, Angelidis, and Skintzi (2014) 

provide limited findings using the Granger causality test on volatility and 

illiquidity time-series. They only report causation,  which  is not  robust  to 

the time-variation of the spillover and their sample focuses on the G7 mar- 

kets. Our simple static exercise using different time-windoes highlights that 

spillovers do change over time, and the time-variation is not negligible. We 

also provide further evidence as compared to Smimou and Khallouli (2015). 

Smimou and Khallouli (2015) report similar evidence, also using sub-samples 

of the time-series to highlight how the causation varies over time. Our es- 

say provides several addition to the literature. First, we introduce a liquidity 

spillover index, implementing the methodology of Diebold and Yilmaz (2009) 

and Diebold and Yilmaz (2012). We show the total spillovers received by 

and transmitted to each country and,  in the next section,  we investigate  

the dynamic spillover using rolling-windows. In fact, the evidence that the 

spillover index is sensitive to the inclusion of new observations, determin- 

ing significant changes in the average spillover effect, highlights the need 
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to investigate the dynamic evolution of connectedness to highlight potential 

evidence of contagion through the liquidity channel. 

 
2.5.2 Dynamic spillover analysis 

 
Several global and local macroeconomic events took place during the sam- 

ple period under analysis, including the collapse of Lehman Brothers and 

the subsequent GFC and the euro crisis. In this context,  it is reasonable  

to expect that financial turbulence can not be fully represented by a static 

model captured by a single parameter. In order to grasp the potentially im- 

portant changes in volatility and liquidity spillovers, we estimate the model 

in equation 2.3 using a 200-weeks rolling analysis, similarly to Diebold and 

Yilmaz (2012). This length of the rolling windows allows reliable estimates 

with minor losses in terms of truncation of the sample. In fact, wider win- 

dows would shift the starting point of the estimation with subsequent neg- 

ative graphical implications. Our analysis allows us to obtain time-varying 

estimates of spillover indices to better judge the evolution of illiquidity and 

volatility channels of transmission. Other studies attempt to capture time- 

varying spillovers using pre-determined time-windows (Andrikopoulos, An- 

gelidis, and Skintzi, 2014; Smimou and Khallouli, 2015). In contrast, we 

allow for internal and external channels that may impact spillovers phenom- 

ena without coinciding with noteworthy events. 

Figure 2.1 shows the dynamic total spillovers for volatility and the two 

measures of liquidity, which correspond to the dynamic version of the to- 

tal average spillover reported in the bottom right corner of tables 2.4, 2.5 

and 2.6. It can be clearly seen a large variability of the total spillover in- 

dex for all the measures. For each graph we report the main noteworthy 

events that characterised the last 20 years and generated significant finan- 

cial turmoil both internally, i.e. within the EU, and globally. Volatility decays 

from 50% to 25% in the first part of the graph, reaching a trough in cor- 

respondence to the Asian crisis in 1997. From this point forward volatility 

spillovers increase significantly until January 1999, the date of the formal 
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introduction of the euro. It is interesting to notice that with the introduction 

of the euro the transmission of volatility shocks stabilises, even during the 

dot com bubble, when shocks tend to decay slowly. Spillovers then remain 

approximately constant at around 50% until the bankruptcy of the New Cen- 

tury real estate investment trust (NC), which constituted the prelude to the 

GFC. From the bankruptcy of NC until late 2009 volatility spillovers start in- 

creasing sharply, reaching a peak well above 75% shortly before the Euro 

crisis. Since the Euro crisis, volatility spillovers gradually decay. It can be 

seen that not all crises have the same impact on the transmission of volatil- 

ity shocks, whether originated within or outside the EU. While there is a 

significant increase in spillovers in correspondence to the Asian crisis and 

the GFC, the dot-com bubble seemed not to have significantly increased 

the spillover effect. Moreover, the euro crisis did not result in a significant 

increase in spillovers, even though the % of shocks transmitted was already 

remarkably high during that period. 

Total illiquidity spillovers show a similar pattern to volatility spillovers, de- 

spite some differences. The initial decrease interrupts in conjunction with 

the Asian crisis and the following sharp increase lasts until the formal intro- 

duction of the euro. However, differently from volatility spillovers, the trans- 

mission of illiquidity shocks continues increasing also following the dot-com 

bubble, reaching a local maximum around 2006. The period of persistent 

illiquidity and its transmission across countries finds theoretical support in 

the notion of liquidity spirals. (Brunnermeier and Pedersen, 2009). Illiquidity 

shock subsequently decay until the bankruptcy of NC, at around 22%. With 

the bankruptcy of NC, it can be seen a new steep rise up until 2010 and 

around 37%. In the years following the GFC, illiquidity spillovers cutback 

rapidly, regardless of domestic shocks related to the Irish banking sector 

collapse or the Greek sovereign debt crisis. 

These plots indicate a potentially significant relationship between illiquid- 

ity and volatility as well as they provide evidence of contagion. In fact, follow- 

ing the definition of Forbes and Rigobon (2002), contagion can be intended 

as the phenomenon of growing cross-market linkages after a shock to one 
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market. The plots clearly show that spillovers change over time, providing 

supporting evidence in favour of contagion phenomena. Lastly, we observe 

that growing spillover effects took place before the introduction of the euro 

as common currency. In fact, past studies document that integration among 

eurozone economies started to take place before the formal introduction of 

the euro in 1999 (e.g. see Baldwin, 2006). 

 
Gross directional spillovers 

 
The previous section reports the graphical analysis of total spillover plots. 

However, valuable pieces of information regarding the direction of shocks 

are not investigated. That information is contained in the row “To others” of 

tables 2.4 and 2.5. We investigate this aspect by repeating the 200-weeks 

rolling window estimation precisely for this row. This allows us to have a 

fuller picture of the dynamic transmission between economies in the euro 

area. We call these figures “Gross directional spillovers” and we report their 

evolution in plots 2.2 and 2.3 for illiquidity and volatility, respectively. We 

group our ten countries in two categories, similarly to Claeys and Vašíček 

(2014): core and peripheral countries. Core countries include Austria, Bel- 

gium, Finland, France, Germany and the Netherlands. Peripheral countries 

include Greece, Italy, Portugal and Spain. It can be noted that dynamic 

gross spillovers vary greatly across time and across countries. Figure 2.2 

shows that the three biggest economies in the Eurozone, namely France, 

Germany and Italy (FGI) present similar patterns of dynamic transmission. 

The spillover effect tends to be low in the first part of the graph, roughly 

until 2005, despite reaching a peak around the GFC, suggesting that these 

economies constitute transmitters of contagion across countries. This ev- 

idence is particularly interesting if we expect that the largest economies 

should absorb shocks coming from the periphery. Instead, we notice the op- 

posite behaviour, where leading countries constitute transmitters of shocks. 

The important role played by core economies in the financial stability of the 
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FIGURE 2.1: Total dynamic spillovers 
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Eurozone has been previously addressed in other studies (e.g., see Mac- 

Donald, Sogiakas, and Tsopanakis, 2018). For instance, they show that the 

French banking system is one of the major transmitters of shocks, together 

with Belgium. 

Gross directional volatility spillovers, represented in figure 2.3 show sub- 

stantial variability over the time frame. Among others, France fluctuates be- 

tween 2 and 16, the greatest range of volatility transmission. While the pat- 

tern changes from country to country, we find the interesting evidence that 

mostly smaller economies show significant peaks around the GFC. This is 

particularly evident for Austria, Finland, Greece, Netherlands and Portugal. 

On the other hand, the intensity, reported in the y axis, is above 10% only 

for the Netherlands. Our findings capture certain features of time-varying 

spillovers that previous studies do not grasp. For instance, Andrikopoulos, 

Angelidis, and Skintzi (2014) do not provide supportive findings of greater 

spillover effects using a dummy variable accounting for the GFC period (see 

Andrikopoulos, Angelidis, and Skintzi, 2014, p. 123). 
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FIGURE 2.2: Gross directional illiquidity spillovers 
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FIGURE 2.3: Gross directional volatility spillovers 
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Net directional spillovers 

 
Despite that our previous findings constitute an important contribution to the 

literature on dynamic spillovers and contagion, in this section we provide 

further evidence on net directional spillovers. These results bring important 

implications for researchers and regulators interested in investigating which 

countries are net transmitters or net receivers. Figures 2.4 and 2.5 show, 

for each market, the net spillover effect, obtained from a 200-weeks rolling 

estimation of the difference between the column “From Others” and the row 

“To others” in tables 2.4 and 2.5. 

These plots uncover interesting evidence in terms of interconnection 

among Eurozone countries. Net directional illiquidity spillovers show that 

leading economies, i.e. Germany, France and Italy are net transmitters dur- 

ing periods of increased financial turmoil and uncertainty, while they fluc- 

tuate around zero (neither transmitter nor receiver) for the rest of the sam- 

ple period. In contrast, it can be seen that smaller economies, such as 

Greece, Austria and Finland are net receiver of illiquidity shocks. This pat- 

tern is even more clear in figure 2.5 with respect to volatility spillovers. The 

intensity greatly fluctuates across all markets. France and Italy show a dy- 

namic spillover above zero for almost the entire time period, indicating that 

these countries are net transmitters of shocks in the Eurozone. The graph 

for France  exhibits a peak around 40% immediately before the 2000 and  

a gradual increase after the beginning of the GFC. In contrast, peripheral 

countries, such as Portugal and Greece are predominantly net receivers, 

with peaks of exogenous volatility spillovers around 25%. It is interesting  

to notice that core countries are counter intuitively the channels of shock 

transmission to peripheral countries during phases of financial turmoil, while 

being net receivers in tranquil periods. While unexpected, they are partly in 

line with previous studies. Recently, MacDonald, Sogiakas, and Tsopanakis 

(2018) show that Ireland, France and Belgium present significant news and 

volatility spillovers to the rest of the Euro area. They also find that Germany 

is immune to financial stress transmission and that Greece is a receiver 
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of volatility shocks. With respect to volatility spillovers we find consistent 

results with MacDonald, Sogiakas, and Tsopanakis (2018). In contrast, illiq- 

uidity spillovers indicate that Germany constitutes a mean of contagion dur- 

ing the GFC, while it is more neutral for the rest of the time-series. Greece 

appears to be a net receiver during the GFC, that is when the source of the 

shock is exogenous with respect to the Greek market. In contrast, when the 

source of the shock is external, Greece becomes a net transmitter. This can 

be clearly deduced from the peak starting in 2010, which corresponds to the 

time Greece sought for intervention from the European Central bank. 

Our findings enhance other studies in this field by providing a picture  

of what countries are mostly net transmitters and net receivers. Smimou 

and Khallouli (2015) report limited evidence of spillover effects across Eu- 

rozone economies. Using a smaller time frame as compared to our study, 

they report statistically significant pairwise Granger causation mainly during 

periods of greater turbulence and primarily driven by small markets. In con- 

trast, our methodological contribution is more sensitive to dynamic spillover 

effects and we show both their direction and intensity. 
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FIGURE 2.4: Net directional illiquidity spillovers 
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FIGURE 2.5: Net directional volatility spillovers 
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2.6 Conclusions, implications and future research 

 
The financial globalisation of the last decades led to a significant increase 

in linkages across stock markets at a global level. The degree of intercon- 

nection across stocks exchanges affect the transmission of shocks from one 

market to another. This generates a spillover effect that results in the phe- 

nomena of contagion during periods of financial and macroeconomic dis- 

tress. Contagion, which is defined as an increase in cross-markets (cross- 

assets) linkages after a shock in one market (Longstaff, 2010), has been 

found to be transmitted mainly through the financial channel. The existing 

literature identifies four channels of transmission within the financial channel 

(Smimou and Khallouli, 2015; Guidolin, Fabbrini, and Pedio, 2015). One of 

these, the liquidity channel, has received particular attention in recent years 

(see, e.g., Andriosopoulos, Chronopoulos, and Papadimitriou, 2014; Smi- 

mou and Khallouli, 2015), due to its importance during the GFC and other 

major distress events (Roll, 1988). 

This essay investigates liquidity and volatility spillovers for a pool of ten 

Eurozone countries from January 1, 1990 to December 31, 2015. The sam- 

ple includes noteworthy events such as the GFC and the euro crisis. The 

purpose of this essay is to shed some light on the transmission of shocks 

through the liquidity channel, providing evidence of contagion. Liquidity has 

been investigated in relation to its time-varying dimension and the pricing of 

liquidity risk (see, e.g. Chordia, Roll, and Subrahmanyam, 2000; Amihud, 

2002). However, not much has been said with respect to its internal and ex- 

ternal origin, i.e. the direction, intensity and propagation channels of liquidity 

shocks. 

Our main empirical findings can be summarised as follows. First, we in- 

troduce a new measure that captures interconnectedness, defined the illiq- 

uidity spillover index (ISI) and built following Diebold and Yilmaz (2009) and 

Diebold and Yilmaz (2012). The measure captures the forecast error vari- 

ance received and transmitted from and to each country in the sample and 
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over the entire time period. The ISI captures the average direction and in- 

tensity of liquidity shocks during the entire time period. Average direction 

and intensity of illiquidity shocks have not been previously investigated in 

similar studies within the euro area (Andrikopoulos, Angelidis, and Skintzi, 

2014; Smimou and Khallouli, 2015). Although the ISI represents a simple 

and handy measure to identify the average level of interconnection across 

countries, it does not consider also other channels of transmission and it  

is invariant over time. The model exclusively analyses the transmission of 

shocks through the liquidity channel, even though other means of contagion 

have been found to be significant in the existing literature (Longstaff, 2010; 

Claeys and Vašíček, 2014). 

The second contribution relates to the analysis of time-varying transmis- 

sion of liquidity shocks. We test our ISI in a dynamic setting using weekly- 

rolling windows and we obtain a total dynamic spillover index.  We  show  

a graphical representation of the total spillover index for the entire Euro- 

zone and for each country. The graph provides supportive evidence to the 

existence of contagion within the Eurozone through stock market illiquid- 

ity. This evidence is particularly useful for policy institutions and regulators 

since the total spillover index may  be useful to signal illiquidity crises or   

to monitor ongoing crises that may jeopardise the stability of the financial 

system. Regulators are constantly seeking to implement micro-prudential, 

macro-prudential and monetary policies to reduce the effects of contagion, 

both when the shock is domestic, such as the Euro crisis or international, 

e.g. during the GFC. Policy institutions may also be interested in monitor- 

ing the spillover effect of individual countries, in order to implement more 

targeted interventions. We observe significant variability of spillover effects 

across economies. We show that the three largest economies in terms of 

GDP, i.e. Germany, France and Italy are amongst the dominant transmitter 

of illiquidity shocks during a period of financial turmoil. This is particularly 

evident during the GFC. Germany and Italy gross spillovers reach a peak 

between 2007 and 2009. In contrast, we show that small and peripheral 

countries tend to be receivers of shocks, except when the source is comes 
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from spillovers. 

The third and most interesting novelty of this chapter relates to the net 

directional spillovers, that is the difference between shocks received and 

transmitted to other countries. Our analysis extends previous studies in this 

field and complements the scarce and contrasting existing literature on con- 

tagion within the Euro area. Our results have direct implications for portfolio 

managers, who may be interested in understanding the sources of shocks 

and the dominant transmitters, in order to construct more diversified port- 

folios. Regulators may be interested in understanding the stability of in- 

dividual countries emerging from local and external shocks. For instance, 

the monetary policy response to the Eurodebt crisis has resulted inadequate 

and delayed. The extraordinary measure known as quantitative easing (QE) 

started in March 2015, six years later the beginning of the government debt 

challenges faced by peripheral economies such as Greece, Ireland, Cyprus 

and Portugal. Our results indicate that by the beginning of the QE, the trans- 

mission of shocks has significantly reduced. A deeper analysis of the vari- 

ous mechanisms of transmission may be useful for regulators interested in 

understanding these early warnings and take appropriate monetary policies 

to stem the potentially devastating effects of persistent illiquidity shocks. 

Future research can benefit from the findings presented here, by investi- 

gating the implications in terms of pricing of liquidity risk. In line with recent 

trends within this field (see, for example, Amihud et al., 2015), the inclusion 

of time-varying components and exogenous effects may shed new lights on 

the illiquidity premia across countries, with natural implications for investors 

and regulators. 
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2.7 Appendix 

In this section we report the spillover index for returns and the other three liq- 

uidity measures excluded from the main text, namely quoted spread (QSPR), 

effective spread (ESPR) and proportional effective spread (PESPR). Tables 

2.8-2.11 show the results. Evidence of spillovers are present both for returns 

and for the other liquidity measures. In particular, the average connected- 

ness of shocks across countries is 55.40%,  while the remaining 44.60%   

is explained by idiosyncratic shocks in returns. We also observe that the 

Netherlands is the dominant transmitter, while Portugal the dominant re- 

ceiver. Differently from returns, for all liquidity measure it results that the 

highest share of forecast error variance is explained by own country illiquid- 

ity spillovers. This finding is in line with our prior results using ILLIQ and 

PQSPR. However, differences emerge from the analysis of liquidity using 

various measures. First of all, it is useful to remember that all direct mea- 

sures have been estimated using a reduced time-window due to the unavail- 

ability of data regarding bid and ask prices. Both QSPR and ESPR report 

that Finland is the gross and net dominant transmitter of liquidity shocks, 

while Germany is the dominant receiver. The findings that Germany is the 

dominant gross receiver is also reported using PQSPR in table 2.6. In con- 

trast, PESPR which is constructed considering the daily closing price report 

that Belgium is the dominant transmitter and Spain the dominant receiver. 

These results hold both for gross and net spillovers. 



 

 
 
 
 
 
 
 

TABLE  2.8: Return spillover index 
 

 AUS BEL FIN FRA GER GRE ITA NET POR SPA From Others 
AUS 49.2 2.3 4 8.8 6.2 2.3 8.3 7.9 1.6 9.4 51 

BEL 2.3 60.1 3.4 5.6 6.2 1.7 6.3 6.6 2.1 5.7 40 

FIN 3.7 2.6 44.4 10 6.8 2.9 9.4 9.8 1.3 9.2 56 

FRA 5.2 2.7 6.4 30.9 9.6 3.8 13 14.8 2.8 10.8 69 

GER 4 3.6 5 10.9 42.5 2.1 9.5 12.7 1.9 7.8 58 

GRE 2.2 1.4 4.6 7.7 3.5 58.7 5.2 7.7 1.6 7.5 41 

ITA 5.2 3.1 6.4 13.5 8.8 2.9 33.2 11.3 2.4 13.2 67 

NET 4.7 3 6.6 14.3 10.7 3.7 10.7 32 2.7 11.6 68 

POR 2.4 2.3 2.1 6.3 4 1.6 5 6.4 62.1 7.7 38 

SPA 5.4 3.1 6.6 11.3 7.2 3.8 13.5 12.4 3.5 33.2 67 

To others 35 24 45 88 63 25 81 90 20 83 554 

Net (From-To) 16 16 11 -19 -5 16 -14 -22 18 -16 55.40% 
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TABLE 2.9: Liquidity spillover index (QSPR) 
 

 AUT BEL FIN FRA GER ITA NET POR SPA From Others 
AUT 91.3 4.3 0 0.4 0.1 3.3 0.3 0 0.2 9 

BEL 0.5 84.7 3.3 1.2 0.4 9.6 0.2 0 0.1 15 

FIN 0.2 0.6 81.2 6.6 4.4 0.1 6.9 0 0.1 19 

FRA 0.1 1.4 4.9 91.2 0.6 0.1 1.5 0 0.2 9 

GER 0.2 0.4 30.7 0.4 67.1 0.5 0.7 0 0.1 33 

ITA 0.6 10.4 0.1 0.1 0.2 86.3 2.1 0 0.1 14 

NET 0.2 0.1 2.5 0.5 0.1 1.7 94.2 0 0.6 6 

POR 0 0.4 0.1 0 0 0 0 98.6 0.9 1 

SPA 0.2 0.4 0.1 1.3 0 0 0.5 0.5 96.9 3 

To others 2 18 42 11 6 15 12 1 2 109 

Net (From-To) 7 -3 -23 -2 27 -1 -6 0 1 12.10% 

2
.7

. A
p

p
e

n
d

ix
 

5
5
 



 

 
 
 
 
 
 
 
 

 

TABLE 2.10: Liquidity spillover index (ESPR) 
 

 AUT BEL FIN FRA GER ITA NET POR SPA From Others 
AUT 88.9 2.6 0 0.1 0 7.2 0.7 0 0.4 11 

BEL 1.3 86.7 2.2 1.9 0.2 6.4 0.6 0.1 0.7 13 

FIN 0 1.3 80.1 7.2 3.5 2.2 5.4 0 0.3 20 

FRA 0.3 1.4 2 94.6 0.2 0.3 0.9 0 0.3 5 

GER 0.2 0.5 36.7 0.5 60.8 0.2 0.8 0 0.2 39 

ITA 0 2.5 0.1 0.4 0.1 95.8 0.9 0 0.2 4 

NET 0.6 0.1 0.4 1.4 0 1 95.9 0 0.6 4 

POR 0.1 0.2 0.1 0 0 0.1 0 98.4 1 2 

SPA 0.1 0.8 0.2 0.7 0 0 2.7 0.7 94.8 5 

To others 3 9 42 12 4 17 12 1 4 104 

Net (From-To) 8 4 -22 -7 35 -13 -8 1 1 11.60% 
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TABLE 2.11: Liquidity spillover index (PESPR) 
 

 AUT BEL FIN FRA GER ITA NET POR SPA From Others 
AUT 93.7 2.1 2.1 0 0.3 0.1 0.1 0.4 1.2 6 

BEL 0 97.2 0 2 0 0 0.1 0 0.6 3 

FIN 0.8 3.7 83.7 1.9 6.2 0.2 0.9 0.2 2.2 16 

FRA 1 3.2 0.4 92.6 0 0 0.4 0.1 2.3 7 

GER 0.3 14.9 28.7 0.2 55.5 0.1 0.1 0 0.2 44 

ITA 0 38.8 0.4 0.8 0.1 59.2 0 0 0.7 41 

NET 0.2 9.2 1.8 1.4 0.1 0 87.1 0 0.2 13 

POR 0.5 29.6 0 0.1 0 0.1 0 58.2 11.5 42 

SPA 0.3 76.3 0.7 0.1 0 0.1 0 0.4 22.1 78 

To others 3 178 34 7 7 1 2 1 19 251 

Net (From-To) 3 -175 -18 0 37 40 11 41 59 27.80% 
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Chapter 3 

 
Share repurchases and market 

liquidity 

ABSTRACT 

 
This chapter examines the execution of open-market repurchases. UK 

companies are legally obligated to disclose their repurchase activity promptly. 

We build a unique dataset of daily recorded observations and we test whether 

the repurchase execution is predominantly driven by market liquidity and 

other macroeconomics variables, independently from the long-term motive 

of repurchase. Given specification tests reject the Tobit model, we exam- 

ine the drivers of repurchase execution using censored quantile regression 

(CQR), based on Powell (1986). We find that market liquidity plays a cru- 

cial role in the repurchase programme. Moreover, we provide evidence that 

systematic risk, stock price performances and market returns are significant 

variables that explain the strategy adopted by companies in repurchasing 

their shares. While these evidence are consistent with the growing literature 

that supports the market liquidity hypothesis (Brockman, Howe, and Mortal, 

2008; De Cesari, Espenlaub, and Khurshed, 2011), we are the first to test it 

in the execution of the buyback. 
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3.1 Introduction 

Payout policies have attracted a great deal of research for decades. In per- 

fect and complete capital markets the distribution of cash to shareholders 

does not affect firm value (Miller and Modigliani, 1961). In fact, the irrel- 

evance  theory argues that investors can obtain any stream of cash flow  

by selling and purchasing shares, through the so called “homemade divi- 

dends”. Therefore, companies decide to distribute dividends out of resid- 

ual earnings after investment allocation. However, the real world is char- 

acterised by taxes, transaction costs, agency costs (Jensen, 1986), asym- 

metric information and incentives problems (Brockman, Howe, and Mortal, 

2008). All these imperfections directly impact both the decision to distribute 

cash to shareholders and the form of payout. As a consequence, despite 

the claims of the irrelevance theory, in reality payout policy seems to be of 

great interest to both companies and investors1. 

Companies distribute residual earnings after investment allocation mainly 

in two forms: dividends and/or share repurchases. When companies de- 

cide to payout their earnings through share repurchases, there exist sev- 

eral types of repurchase: through the open-market, with a tender offer, also 

in the form of a Dutch auction, or by privately negotiating with individual 

shareholder. This last way of repurchasing shares often takes place when 

there are a few major shareholders or when the company is privately held. 

Open-market share repurchases are the most common form of buyback. 

Companies announce the intention to repurchase shares after obtaining the 

approval from shareholders. They also announce the average buying price, 

the number of shares to buyback and the duration of the programme. Part 

or all of the shares announced in the programme are then repurchased in 

the open-market by companies. Tender offers differ from open-market buy- 

backs. Tender offers take place in a limited period of time at a pre-defined 

repurchase price that includes a premium. They offer less flexibility to the 
 

1DeAngelo and DeAngelo (2006) argue that payout policy would be relevant also in the 

case of perfect capital markets. 
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management as compared to open-market repurchases, which offer greater 

flexibility in terms of time and quantity to repurchase. Independently from the 

technical characteristics of the different forms of payout and the irrelevance 

for an individual investor (Robertson and Wright, 2006), both the decision to 

payout residual earnings and the way of returning cash have theoretical and 

practical implications. 

Despite payout policy irrelevancy, both dividends and share repurchases 

are used by companies to convey a signal to the market (Bhattacharya, 

1979). Increasing dividends constitutes a costly signal to change market 

perceptions about future earnings prospects, while managers’ reluctance to 

cut dividends is widely known in corporate finance (Lintner, 1956; Brav et al., 

2005). In contrast, share repurchases constitute a more flexible and tem- 

porary payout method that preserves the financial flexibility of the company, 

without implying a firm’s duty to undertake other buybacks in the future (Ja- 

gannathan, Stephens, and Weisbach, 2000; Haw et al., 2014). In certain 

circumstances, open-market repurchase announcements are not followed 

by the actual execution, generating a false signals (Ikenberry and Vermae- 

len, 1996). For these reasons, the signal conveyed to the market is am- 

biguous (Vermaelen, 1981). In contrast, tender offers provide a stronger 

signal of confidence in the future (Ikenberry and Vermaelen, 1996; Vermae- 

len, 2010). It can be argued that the signalling power of share repurchases 

involves two decision steps. Firstly, whether to distribute cash in the form of 

a repurchase. Secondly, what type of buyback. 

There is a sizeable literature that tries to answer the question: why do 

companies announce a repurchase? These studies provide several non- 

mutually exclusive hypotheses to the long-term motives underlying a repur- 

chase announcement (Dittmar, 2000). Among the various theories, partic- 

ular support can be found in the substitution (Black, 1976; Allen, Bernardo, 

and Welch, 2000; Rau and Vermaelen, 2002), undervaluation (Vermaelen, 

1981; Brav et al., 2005; Comment and Jarrell, 1991; Ikenberry, Lakonishok, 

and Vermaelen, 1995), overvaluation (Liu and Swanson, 2016), cash flow 
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(Jensen, 1986; Jagannathan, Stephens, and Weisbach, 2000), takeover de- 

terrence (Bagwell, 1991; Billett and Xue, 2007) and optimal capital structure 

hypotheses (Hovakimian, Opler, and Titman, 2001; Grullon and Michaely, 

2004).  More recently,  a further theory that received growing importance  

is the liquidity hypothesis (Barclay and Smith, 1988; Miller and McConnell, 

1995; De Cesari, Espenlaub, and Khurshed, 2011; Brockman, Howe, and 

Mortal, 2008). Independently from the underlying motives, in the present 

chapter we are more interested in providing an answer to the question: why 

do companies choose the option to buyback in the open-market? We ar- 

gue that this choice has more to do with short-term motives, rather than the 

long-term hypotheses, that allow companies to exploit their ability to time the 

market. Moreover, we argue that market liquidity and the general market en- 

vironment plays a significant role in explaining the growing popularity of this 

form of payout. Our rationale is that the use of open-market share buyback is 

not fully compatible with most of the theories developed in the literature. For 

instance, when the stated motive is undervaluation, open-market buybacks 

may not be the most appropriate vehicle compared to tender offers (Iken- 

berry and Vermaelen, 1996). This is because a longer programme would 

expose companies to price fluctuations that may jeopardise the purpose of 

the signal, thus conflicting with the stated motive of undervaluation. In fact, 

Dann, Masulis, and Mayers (1991) find a greater price increase for tender 

offers as compared to open-market buybacks. Therefore, if companies opt 

for the flexibility of open-market buybacks because they believe the stock is 

underpriced, then they must be confident that they will be able to adequately 

time the market. 

Given the above considerations and the extensive research that studies 

the motives for announcing a repurchase, this chapter aims to investigate 

the short-term drivers related to the strategy adopted in the ongoing open- 

market buyback. In other terms, we take the long-term motive as given, as in 

Cook, Krigman, and Leach (2004), and we focus on the determinants of the 

repurchase execution. We formulate the following set of important research 

questions: i) What are the drivers that guide companies in the execution 
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of an open-market share repurchase?, ii) Do companies time the market 

by looking at the macroeconomic environment more than at a company’s 

fundamentals? and iii) What is the role of market liquidity?  The answers  

to these questions are important because they provide new insights on the 

drivers behind the execution of share repurchases. 

We perform our empirical analysis for the UK market, which has not only 

a different market microstructure as compared to the US, but also a signifi- 

cantly diverse regulation, which inevitably effects the repurchase decisions. 

Moreover, the UK is the most active European Union country in terms of 

share buybacks (see for example Rau and Vermaelen, 2002; Sonika, Car- 

line, and Shackleton, 2014). The current trend in share repurchase an- 

nouncements and the related buyback activity in the UK can be usefully un- 

derstood by looking at figure 3.1, which depicts the evolution of repurchase 

activity against the FTSE All Share index from 2003 to 2017. The first graph 

compares the ratio of shares repurchased over total shares outstanding with 

the index, while the second plots the annual number of announcement. It 

can be seen that share repurchases have become increasingly popular as 

a payout method in the UK, with the number of announcements having a 

similar pattern to that of the benchmark index. In contrast, buyback pro- 

grammes present the opposite trend. During phases of expansion the re- 

purchase ratio reduces, while companies tend to repurchase more during 

market run-downs. This pattern is particularly evident with respect to the 

Global Financial Crisis, in which the repurchase activity reached a peak 

compared to the periods pre and post-crisis. Overall, these plots seem to 

suggest a misalignment between the long-term motives underlying the deci- 

sion to repurchase and the the short-term strategy, apparently driven more 

by macroeconomic factors. 

The evidence that repurchase activity increases in correspondence to 

market downturns open the path to interesting insights and implications. In 

addition, it is the primary justification why market liquidity is our primary 

explanatory variable to this trend. More particularly, there is extensive ev- 

idence that liquidity plays a crucial role during market downturns (Amihud, 
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FIGURE 3.1: Share repurchases in the UK 
 

(A) Repurchase ratio 

trend 

(B) Announcements 
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Notes: The two figures show the trend in share repurchases in the UK between 2003 and 

2017. Figure 3.1a compares the amount of shares repurchased over total shares 

outstanding with the FTSE All Share Index. Figure 3.1b compares the number of 

announcements with the FTSE All Share Index. 

 
2002; Brunnermeier and Pedersen, 2009; Amihud, Mendelson, and Ped- 

ersen, 2012). Even though several studies try to shed light on the impact 

that repurchases have on stock liquidity, empirical findings are mixed. Some 

authors report a negative effect of repurchase programmes on stock liquid- 

ity (Barclay and Smith, 1988; Brockman and Chung, 2001). Others found 

that liquidity increases (Wiggins, 1994; Miller and McConnell, 1995; De Ce- 

sari, Espenlaub, and Khurshed, 2011). Despite the contrasting evidence, 

the literature approaches the liquidity hypothesis in terms of consequence 

of repurchase, while our standpoint is liquidity as a determinant. Related 

studies investigate the role of market liquidity in the payout decision (Baner- 

jee, Gatchev, and Spindt, 2007; Brockman, Howe, and Mortal, 2008; Hillert, 

Maug, and Obernberger, 2016), while to our best knowledge we are the first 

to test the liquidity hypothesis in the execution of the programme. Banerjee, 

Gatchev, and Spindt (2007) observed that market liquidity is important for 

dividends. Brockman, Howe, and Mortal (2008) found that market liquidity 

has a first order effect on share repurchases, since companies undertake 
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a repurchase programme when markets are more liquid. In a similar fash- 

ion, we hypothesise that companies prefer buying back their shares when 

markets are more liquid. Thus we test if repurchase activity and market liq- 

uidity are negatively related using five different liquidity proxies2. Thanks  

to a unique dataset of daily observations for repurchase activity, this chap- 

ter covers a set of 198 repurchase announcements and 37,938 repurchase 

transactions that took place in the UK between 2003 and 2017. Our unique 

dataset constitutes a contribution per se, since we are able to collect daily 

transactions, difficult to obtain for other markets due to regulatory limits and 

even more for the length of our time span. For example, Brockman and 

Chung (2001) analysed repurchases with a similar frequency as we do here, 

but for the Hong Kong stock exchange. In addition, Cook, Krigman, and 

Leach (2004) collected survey information for daily repurchase transactions 

for the US market. However, the limited one year time span can not capture 

the implications of macroeconomic changes, as we do in our essay. By con- 

structing monthly measures using our daily observations, we are able to test 

the impact of macroeconomic variables, adequately addressing their time- 

varying components. This feature gives a more precise empirical estimation, 

as compared to many other studies in this field that use lower frequencies 

of data. 

We conduct an empirical test on the liquidity hypothesis in the execution 

of the repurchase programme. We divide our analysis in two sections, cor- 

responding to the decision to repurchase and the amount repurchased each 

month. We provide evidence that market liquidity is a significant explanatory 

variable in the execution of a repurchase programme. By firstly using a logit 

model that captures the likelihood of a buyback in a given month, we show 

that companies execute own share trading as a function of stock-specific 

and market-wide variables. In fact, evidence show a negative relationship 

between market liquidity and the likelihood of repurchase, suggesting that 

companies execute own share trading when markets are more liquid. This 
 

2A negative relationship means a negative coefficient, since higher levels of liquidity 

indicate that the market is illiquid 
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result extends previous evidence that addresses the importance of market 

liquidity in the phase of the announcement (Brockman, Howe, and Mortal, 

2008). Furthermore, we also find that the likelihood of repurchase is posi- 

tively related to systematic risk and price-to-book ratio (P/BV), while nega- 

tively related to the previous month stock’s and market performances. While 

the evidence of stock price performances is not new in the literature (Jagan- 

nathan, Stephens, and Weisbach, 2000; Dittmar and Field, 2015), we also 

show a negative and significant relationship with market returns. 

After confirming that liquidity plays a significant role in determining the 

decision to repurchase in a given month, we extend our first set of results 

investigating the relationship between repurchase ratio, corresponding to 

the fraction of shares repurchased in a given month divided by the total 

number of shares outstanding at the beginning of the month, and market 

liquidity. We initially employ a Tobit model, similarly to the vast majority of 

studies in this field (Dittmar, 2000; Stephens and Weisbach, 1998). How- 

ever, the specifications of the Tobit model reject its two key assumptions, 

homoskedasticity and normality of the disturbances. Since the Tobit esti- 

mates are unreliable, we employ censored quantile regression (CQR) mod- 

els (Powell, 1986). This method constitutes a quantile based variant of the 

median quantile regression proposed by Powell (1984). We find that mar- 

ket liquidity is a highly significant explanatory variable for the repurchase 

ratio and its sign is coherent with that hypothesised here and in other stud- 

ies (Brockman, Howe, and Mortal, 2008). Moreover, we observe that some 

results of the CQR model contradict those of the Tobit estimation, with re- 

spect to the magnitude of the coefficients, and differences increase with the 

calibration of the quantile. 

Furthermore, we try to shed light on the behaviour of frequent and non- 

frequent repurchasers, by observing the number of transactions in own shares 

that each company makes over a calendar month. We provide evidence  

that frequent repurchasers are more sensitive to market liquidity, system- 

atic risk and past performances of both the stock and the market compared 
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to non-frequent repurchasers. In other terms, market liquidity plays an im- 

portant role for those companies that split orders more frequently during a 

month, with the intent to reduce the price impact of their transactions. We 

test the robustness of our results on an annual base, thus including in the 

analysis accounting data that control for the long-term motives widely popu- 

larised in the literature. We find that our results are robust to the inclusion of 

these variables, thus corroborating the evidence that macro-variables have 

a crucial importance in the execution of open-market share repurchases. 

In general, the CQR results are more consistent with existing theory and 

empirical evidence, and they resolve difficulties deriving from the limits of 

model specification for the Tobit. 

To sum up, this chapter contributes to the literature in a number of ways. 

First, by employing five different measures of liquidity, we show that market 

liquidity plays an important role in explaining the strategic decision of firms 

to repurchase in a given month a fraction of their outstanding shares. While 

other studies find a similar result for payout decisions (Banerjee, Gatchev, 

and Spindt, 2007; Brockman, Howe,  and Mortal,  2008),  we are the first 

to test this hypothesis in the execution of the programme. Secondly, we 

find that the short-term motivations to repurchase are strictly linked to the 

macroeconomic environment. We show that companies repurchase after a 

decrease in stock and a market returns, in line with previous studies (Ja- 

gannathan, Stephens, and Weisbach, 2000; Dittmar and Field, 2015). How- 

ever, by introducing systematic risk as addition regressor, we are the first to 

uncover evidence that companies with greater sensitivity to market returns 

tend to repurchase more. This finding is coherent with the undervaluation 

hypothesis and the results that companies repurchase more after experienc- 

ing poor performances. Moreover, we provide a substantial methodological 

improvement by employing a censored quantile regression that have limited 

application in this field (see, for example Billett and Xue, 2007). In particu- 

lar, the rejections of model specification (normality and homoskedasticity) in 

the Tobit lead to unreliable estimates. We show that coefficients change in 

magnitude when CQR estimation is employed. Lastly, the employed dataset 
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constitutes a further contribution. In fact, thanks to the disclosure require- 

ments of the UK regulation, we are able to gather a detailed data set of daily 

repurchase transactions, which constitutes a rare example in the repurchase 

literature and allows us to capture the impact of short-term variations in mar- 

ket liquidity and returns. 

The rest of the chapter is organised as follows. The next section reviews 

the literature. Section 3.3 reports the main differences between the UK 

and the US in terms of regulation. Section 3.4 shows the data and the de- 

scriptive statistics. Section 3.5 describes the methodology and the research 

hypothesis, while section 3.6 shows the empirical results. Lastly, section 3.7 

concludes. 

 

3.2 Literature review and hypotheses 

 
The phenomenon of share repurchases has been extensively analysed in 

the literature under several perspectives. Most of the early studies focus 

on the determinants that drive a company to announce a buyback. Recent 

interest switched to the programme itself, in an attempt to shed lights on a 

company’s ability to time the market. In the next sections, we describe the 

various hypotheses formulated in the literature, with particular emphasis on 

repurchases through the open-market, due to its widespread use compared 

to tender offers or private negotiations. 

 
3.2.1 Existing explanations 

 
A sizeable literature proposes and tests the long-term motives underlying 

the decision to announce a repurchase programme. 

i) Signalling/Undervaluation: it argues that companies use repurchases 

to convey a signal to the market that the value of their stock price is misval- 

ued. This theory is probably one of the most known and empirically tested 

explanations for this form of payout. The market interprets the company’s 

superior information intrinsic in the announcement as an indication that the 
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stock is underpriced. This results in positive abnormal returns (Dann, 1981; 

Vermaelen, 1981; Comment and Jarrell, 1991). In particular, Stephens and 

Weisbach (1998) note that a repurchase program is often preceded by poor 

performances (Comment and Jarrell, 1991), positively absorbed by the mar- 

ket (Dann, 1981; Vermaelen, 1981) and followed by good earnings perfor- 

mances (Bartov, 1991; Ikenberry, Lakonishok, and Vermaelen, 1995). For 

instance, Bartov (1991) empirically assesses the nature of information con- 

veyed by open-market repurchase announcement, finding that they are pos- 

itively correlated with earning changes and negatively correlated with risk 

changes. In addition, Dann, Masulis, and Mayers (1991) examined earn- 

ings and risk changes following a tender offer announcement, finding that 

the price reaction is much greater. The greater price reaction of tender of- 

fers can be ascribed to their characteristics, that seem to be more coherent 

with the stated motive of undervaluation. In fact, with tender offers, the firm 

specifies the offer price and the period of time in which the offer is in ef- 

fect. This results in a stricter need to comply to the repurchase programme, 

as compared to open-market repurchases, which provide more flexibility in 

terms of quantity and timing of the repurchase (Stephens and Weisbach, 

1998). This flexibility may jeopardise the purpose of the signal, since the 

actual buyback can be executed at a higher price compared to that at the 

time of the announcement. Further empirical evidence comes from Ver- 

maelen (1981) who, using a sample of tender offers, supports the signalling 

hypothesis as the most plausible explanation for repurchase decisions. The 

motive of undervaluation is also reinforced by Jagannathan and Stephens 

(2003) who analysed both frequent and non-frequent repurchasers, and by 

Haw et al. (2014), with respect to mimicking repurchases, those buybacks 

announced and not undertaken. 

ii) Cash flow and takeover deterrence: the cash flow hypothesis (Jensen, 

1986) is related to the extra cash flow that a company realises in a given 

year and decides to distribute it repurchasing shares. Moreover, supporters 

of this theory argue that the distribution of excess cash mitigates agency 

costs, in the context of leveraged buyouts and hostile takeovers (Jensen, 
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1986; Vafeas and Maurice Joy, 1995). Whether this hypothesis is coherent 

with classical corporate financial theory is debatable. In fact, the theoreti- 

cal standpoint would require companies to undertake profitable investment 

opportunities in order to create value through greater future expected net 

cash flows. In reality, companies prefer distributing excess cash through 

special dividends or buybacks and the market positively sees these deci- 

sions. While it may seem counter theoretical, Vermaelen (2010) interprets 

this price reaction differentiating between good and bad managers. The 

former are those that pay out excess cash instead of undertaking negative 

NPV investments. The latter are those who “like to build empires”3. 

With respect to the choice between special dividends and repurchases, 

Dittmar (2000) argues that a repurchase is preferable for two reasons. Firstly, 

because with open-market repurchases, companies do not have a com- 

mitment to actually execute the programme. Secondly, investors do not 

have expectations that the distribution will recur on a regular basis. Dittmar 

(2000) found a positive relationship between repurchase activity and mea- 

sures of excess cash while a negative relationship with market-to-book ra- 

tios as proxy for growth opportunities. Moreover, Jagannathan, Stephens, 

and Weisbach (2000) observed that firms with more volatile cash flows are 

more likely to do a repurchase, rather than increasing dividends. A fur-  

ther hypothesis linked to cash flow relates to repurchase programmes as 

takeover deterrence. It derives from the logical evidence that if a company 

is underpriced for the management, it is also a good opportunity for hostile 

takeovers from third parties (Bagwell, 1991). In this context, a repurchase 

can be used as a defence because a buyback can increase the lowest price 

for which the stock is available. Similar evidence are also reported in Billett 

and Xue (2007), using quantile regression. 

iii) Optimum leverage: Some scholars (see, for example Shoven and 
 

3Whether companies who prefer to payout cash due to their inability to pursue positive 

NPV growth opportunities can be considered “good” is hard to support. In fact, Vermaelen 

(2010) reports that it is unclear why “bad” companies actually make repurchases and why 

“good” companies do not prefer to “park” the cash in zero net present value projects, such 

as an investment in marketable securities (given that they are good). 
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Simon, 1987; Mitchell and Dharmawan, 2007) claim that companies use re- 

purchases in order to meet their targeted debt/equity ratio. While the capital 

structure should not change firm value (Modigliani and Miller, 1958), Ho- 

vakimian, Opler, and Titman (2001) argue that firms tend more toward a 

target debt-equity ratio based on the costs and benefits of debt. In fact, they 

notice that repurchase decisions tend to lower the cost of capital due to an 

increase in the cost of debt, as a consequence of the rise in leverage fol- 

lowing the buyback. Lie (2002) found similar results but for tender offers, 

while Grullon and Michaely (2004) noticed that repurchasing firms experi- 

ence a significant reduction in systematic risk and cost of capital compared 

to non-repurchasing firms. 

iv) Substitution: despite the irrelevance theory claims that share repur- 

chases and dividends should be perfect substitutes (Miller and Modigliani, 

1961), several authors attempt to explain the puzzling evidence of growing 

recourse to buybacks in lieu of dividends in the last decades. In particular, 

Grullon and Michaely (2002) notice that repurchases are made with funds 

that would have otherwise been used to increase dividends. The reason 

for this was originally associated with the more favourable tax treatment of 

capital gains compared to dividends (Black, 1976). Similarly, Rau and Ver- 

maelen (2002) found supportive evidence to this theory for the UK market. 

However, the empirical evidence are rather weak or obsolete (Ikenberry and 

Vermaelen, 1996), since the tax reforms that characterised both the US 

and the UK did not reduce repurchase activity as expected (Bagwell and 

Shoven, 1989). A different interpretation of the substitution hypothesis re- 

lies on the exceptional cash flow that a company realises in a given year. 

In fact, the growing use of repurchases is justified to distribute temporary 

excess cash since investors do not expect to receive extra cash flows on  

a regular base (Dittmar, 2000). In line with this interpretation, DeAngelo, 

DeAngelo, and Skinner (2000) observed that the disappearance of special 

dividends and the contextual increase in repurchases, while Jagannathan, 

Stephens, and Weisbach (2000) noticed that firms paying dividends have 

more stable earnings than firms preferring repurchases. 
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In the present work, we include different measures that account for the 

above hypotheses. While our primary focus pertains the implementation of 

the programme itself and the marketwide variables that affect the size and 

timing of a repurchase, we cannot exempt the analysis from the long-term 

motives. For completeness, we also report that some authors argue that 

the growing use of buybacks coincides with the increasing recourse to stock 

options in compensation plans for both managers, initially, and other em- 

ployees, afterwards. Skinner (2008) noticed that buybacks neutralise the 

dilution effect of earnings per share, particularly when firms repurchase with 

the intent of reissuing new shares as the result of exercisable options. Fur- 

thermore, Weisbenner (2000) shows that both the size of an option pro- 

gram and the number of options exercised during a certain year constitute 

strong predictors of stock buybacks. Kahle (2002) enhances this work find- 

ing that firms announce a repurchase programme when executives have a 

considerable number of options outstanding and when employees possess 

substantial exercisable options. 

 
3.2.2 Liquidity and share repurchases 

 
The first study that includes formally in the vast literature the relationship be- 

tween share repurchases and liquidity is that of Barclay and Smith (1988). 

The authors investigated the effects of share repurchase announcements 

on the level of stock liquidity. They provide two non-mutually exclusive the- 

ories that may simultaneously affect a stock’s liquidity, although in opposite 

directions: the information asymmetry and the competing market maker hy- 

potheses. The information asymmetry hypothesis, based on the asymmetric 

information theory of bid-ask spreads (Copeland and Galai, 1983; Glosten 

and Milgrom, 1985) assumes that buybacks reduce a stock’s liquidity. The 

competing market maker hypothesis predicts that liquidity improves since 

the repurchasing firm competes with other market makers and investors. 

Since the work of Barclay and Smith (1988), the liquidity hypothesis has 

been extensively scrutinised, but with mixed results (Wiggins, 1994; Miller 
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and McConnell, 1995; Singh, Zaman, and Krishnamurti, 1994; Brockman 

and Chung, 2001; Cook, Krigman, and Leach, 2004; De Cesari, Espen- 

laub, and Khurshed, 2011). Moreover, the existing literature investigates the 

effects of a buyback announcement on a stock’s liquidity. In contrast, this 

essay analyses the relationship between repurchases and liquidity under 

two different perspectives. First, we are more interested in market liquidity, 

rather than stock-specific liquidity. Second, instead of investigating the ef- 

fect that repurchases have on liquidity, we reverse the causality by looking 

at the effects that market liquidity has on repurchases and, specifically, on 

the execution of the programme. 

In line with a growing strand of studies (Banerjee, Gatchev, and Spindt, 

2007; Brockman, Howe, and Mortal, 2008; Hillert, Maug, and Obernberger, 

2016), we switch the focus on market liquidity rather than stock-specific liq- 

uidity. Brockman, Howe, and Mortal (2008) proposed a study on the impact 

of stock market liquidity on company’s payout decisions, extending the work 

of Banerjee, Gatchev, and Spindt (2007) for dividend policy. Their empirical 

findings reveal that market liquidity has a first-order effect on share repur- 

chase decisions and a second-order effect on dividend decisions. They 

observe that companies prefer repurchases over dividends when markets 

are more liquid. This finding is in line with the survey evidence of Brav et 

al., 2005. More recently, Hillert, Maug, and Obernberger, 2016 analysed 

liquidity and stock repurchases based on the theory of modern limit order 

markets (Foucault, Kadan, and Kandel, 2005), which focus on immediacy 

in an environment where traders are particularly sensitive to time horizon, 

liquidity needs, private information and risk aversion. They find a positive 

influence of realised repurchases on the liquidity of firms that market in their 

own stock. The limit order market theory, as employed by (Hillert, Maug, and 

Obernberger, 2016), opens new interpretations that are in line with the ex- 

isting and most often tested liquidity hypotheses (Barclay and Smith, 1988). 

This essay investigates the effects of market liquidity on share repur- 

chases, in a similar way to Brockman, Howe, and Mortal, 2008. Brockman, 
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Howe, and Mortal, 2008 investigated the liquidity hypothesis as a determi- 

nant a repurchase, rather than as a consequence. However, differently from 

Brockman, Howe, and Mortal, 2008, we focus on the execution of the repur- 

chase. We argue that market liquidity constitutes an important determinant 

of the execution of the programme, rather than its underlying motivation. In 

general, we believe that the long-term motives to initiate a repurchase are 

different from the short-term strategy adopted to buy back the shares. In 

addition, the form of repurchase, such as in the open-market or through a 

tender offer, depends also on the short-term strategy that companies wish 

to adopt. 

For example, Brav et al. (2005) observed that undervaluation is one of 

the most frequently reported motives for announcing a repurchase by man- 

agers. However, since open-market share buybacks last usually more than 

one year, they would expose the company to considerable price fluctuations. 

Therefore, market liquidity would prove more important when companies ex- 

pose their repurchase activity to the open-market. Moreover, repurchases 

through the open-market can be justified by the company’s confidence on 

its timing ability. The ability of companies to time the market finds contrast- 

ing evidence in the literature. Some authors find supportive results to the 

timing ability of companies (Brockman and Chung, 2001; Cook, Krigman, 

and Leach, 2004; Ben-Rephael, Oded, and Wohl, 2014), while others dis- 

pute these evidence (Eckbo, Masulis, and Norli, 2000; Dittmar and Dittmar, 

2008). Dittmar and Field (2015) observed that most of the existing studies 

rely on long-run returns after the announcement (Lakonishok and Vermae- 

len, 1990; Ikenberry, Lakonishok, and Vermaelen, 1995), with the immediate 

implication that it is difficult to assess whether companies are actually able 

to time the market. Dittmar and Field (2015) found that managers are able to 

pay a price that is significantly lower than the average price after the trans- 

action. This evidence indicates that the short-term strategy of a repurchase 

is distinct from the stated motivation of the announcement and more related 

to the drivers that guide companies in the execution of the programme. 
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Given these considerations, we aim to uncover evidence as to the fac- 

tors underlying the execution of an open-market repurchase programme. 

We intend to increase the existing knowledge of repurchases, by address- 

ing the liquidity hypothesis as one of the main drivers in the execution of a 

buyback. While a few studies partially address these issues, more empir- 

ical scrutiny is necessary. Amihud and Mendelson (1986) claim that illiq- 

uid stocks generate higher future expected returns and Chordia, Roll, and 

Subrahmanyam (2000) show that stock’s liquidity co-moves with the mar- 

ket. These evidence may imply that companies are interested in increasing 

their repurchase activity when markets are relatively more illiquid. However, 

Brockman, Howe, and Mortal (2008) argue that announcements take place 

when markets are relatively more liquid to avoid a negative price impact of 

the repurchase activity. As a consequence, there might be two competing 

explanations as to the relationship between liquidity level and repurchases. 

We believe that price stabilisation constitutes a further motive to repurchase 

and consequently companies prefer buying back when markets are more 

liquid, consistently with Brockman, Howe, and Mortal (2008). In an attempt 

to solve this conflicting evidence, we formulate the following alternative hy- 

pothesis: 

• H0: Companies undertake repurchase activity when the market is 

more illiquid 

• H1: Companies undertake repurchase activity when the market is 

more liquid 

 
We try to assess the importance of market liquidity in the execution of re- 

purchases for the UK that, to our best knowledge, has not been addressed 

before. Interesting evidence can emerge for this market, which is the most 

active in terms of repurchase activity in the European Union and also a 

country where the regulatory environment, very different from the US (Hong, 

Wang, and Yu, 2008), can be a major player for companies. A few studies 

exist for the UK, but mainly covering the phase of the announcement. Rau 
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and Vermaelen (2002) found a small announcement effect as compared  

to the US. They found that tax considerations are the predominant motive 

to repurchase. Sonika, Carline, and Shackleton (2014) investigated repur- 

chase announcements without finding significant support for undervaluation 

or excess cash flow. Instead, they show a positive association between 

repurchase authorities and risk exposure. 

Even though we argue that market liquidity is one of the most important 

factors during the execution of a repurchase, it may not be the only variable 

that affects the programme. These variables include stock price and market 

price performances, volatility and systematic risk. Being undervaluation one 

of the most commonly reported motives by companies (Brav et al., 2005), 

it is reasonable to expect that firms announce a buyback after a stock-price 

rundown (Jagannathan, Stephens, and Weisbach, 2000; Dittmar and Field, 

2015). Although these studies show that firms repurchase after a price de- 

cline, they do not clarify whether the decline is driven by company events, 

such as poor earnings performances (Stephens and Weisbach, 1998), or 

market factors. Systematic risk is a further important variable when com- 

panies choose open-market repurchases. We test whether companies with 

relatively higher systematic risk will be more inclined to repurchase a greater 

percentage of their shares. The evidence that companies with higher sys- 

tematic risk repurchase a greater fraction of their shares after a price drop 

would also be coherent with the undervaluation hypothesis. This is because 

higher systematic risk results in greater price declines. A further important 

variable, which we include is volatility. Brav et al. (2005) argue that one of the 

reasons why companies announce a repurchase programme is to control for 

stock’s volatility. Goyal and Santa-Clara (2003) show that idiosyncratic risk 

affects security returns, thus greater price stabilisation lowers the risk pre- 

mium and the cost of equity for the company (see also Cook, Krigman, and 

Leach, 2004). Moreover, De Cesari, Espenlaub, and Khurshed (2011) find 

empirical evidence that Italian CEOs intervene in the secondary market to 

reduce excess volatility and to provide price support and increase liquidity. 

In fact, price stabilisation also helps to reduce order imbalances caused by 
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events such as liquidity shocks. Therefore, we also test for the price sta- 

bilisation hypothesis and we expect that companies with greater volatility 

repurchase more shares. 

 

3.3 UK regulatory environment 

 
The UK and the US considerably differ in terms of regulation of repurchase 

programmes. These differences may lead to divergence of the underlying 

motives that influence companies when they decide to undertake a repur- 

chase programme. In the UK, buybacks are regulated by the Companies 

Act 2006 - Part 18. The company’s board is mandatory required to ob-  

tain shareholders’ approval to initiate a repurchase programme, which must 

specify the duration, the amount of shares to repurchase in proportion to the 

outstanding capital and the minimum and maximum price for executing the 

transaction. UK companies must communicate their trading activity during 

the business day following the purchase. In contrast, in the US shareholders 

approval to initiate a repurchase is not required, so the board of directors 

has more flexibility in deciding whether to initiate a repurchase. Further- 

more, under rule 10b-18 of the Security and Exchange Commission (SEC), 

repurchases have to be disclosed on a quarterly basis. The evidence that 

emerge from the US-centric literature are necessarily affected by this regula- 

tion. Therefore, most of the hypotheses developed for the American market 

may not hold for other realities. Being the authorisation for the repurchase 

from the shareholder’s a prerequisite, UK companies have a lack of flexibility 

and also the option to not initiate the open-market repurchase. Probably be- 

cause of these differences, the existing studies on the UK market do not find 

support for the signalling hypothesis, largely supported for the US, leaving 

space to alternative explanations (Sonika, Carline, and Shackleton, 2014). 

Share repurchases in the UK can only be made out of distributable profits 

or the proceeds of a fresh issue of shares “made for the purpose of financing 

the purchase” (Article No. 687 of the Companies Act 2006 - Part 18). When 

distributable profits are used to finance a buyback, the amount equal to the 
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value of the shares must be transferred out of profits available for dividend 

to a reserve fund and it is not then available for distribution. Instead, the 

creation of a reserve must be used to undertake the repurchase programme. 

In contrast, in the US the shares purchased in the open market can be sold 

subsequently so that the company can make a profit from trading its own 

shares. As a result, US companies have more flexibility in trading their own 

shares, by buying (selling) shares in order to take advantage of periods of 

undervaluation (overvaluation). 

Companies are subject to insider trading and stock market manipulation 

regulation, introduced by the "safe harbour" rule in 1982 (De Cesari, Espen- 

laub, and Khurshed, 2011). In the UK, the treatment of shares repurchased 

varies according to the type of shares. Treasury shares may be hold and 

cancelled at any time, they can be sold for cash considerations or transferred 

to accomplish with employees’s share schemes. Ordinary shares must be 

cancelled and the amount of the company share capital is diminished by 

the nominal value of the shares cancelled. Given all the above mentioned 

differences, it is likely that the smaller degree of flexibility of UK companies 

as compared to US companies has an impact on both the determinants and 

the effects of share repurchases in the British market. Lastly, the introduc- 

tion of the Company Act in 2006 suggests that the earlier evidence of Rau 

and Vermaelen (2002) need a revision, since they argue that the regulatory 

environment has a substantial impact on repurchase activity. 

 

3.4 Data and descriptive statistics 
 

All repurchase, financial and accounting data are obtained from Bloomberg® 

Professionals. Previous studies on the UK (Rau and Vermaelen, 2002; 

Sonika, Carline, and Shackleton, 2014) use the Security Data Company 

(SDC) database to collect information on repurchase announcements and 

repurchase activity, even though Oswald and Young (2004) criticise this 

source. The database employed in this chapter provides the details of every 
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repurchase transaction that took place in the UK market4. The original sam- 

ple was made of 57,918 observations from 01/01/2000 to 30/06/2017. Of 

these, we only include open-market repurchases of common stocks from UK 

companies listed in the main market of the London stock exchange (LSE) 

and with the LSE as their main index. Therefore, companies that are listed 

in multiple exchanges that do not have the LSE as their main exchange are 

excluded. We also exclude all the firms in the financials and utility sec- 

tors5. Companies with missing information for the entire time-series, such 

as financial and accounting data are dropped. The final sample is made of 

37,938 daily recorded observations that comprehend announcements and 

repurchase activity from 01/01/2003 to 30/06/2017. Since Bloomberg® Pro- 

fessional does not distinguish between announcement and repurchase ac- 

tivity, the former can be derived6 using a series of filters. We identify 198 

open-market repurchase announcements, which is a coherent number with 

that reported in Sonika, Carline, and Shackleton (2014), who are able to 

identify 196 repurchase authorities between 1990 and 2010. 

The final sample employed for estimation includes only repurchasing 

companies over the time-period under analysis. Our data set provides two 

important implications. First, it includes repurchase activity before, during 

and after the global financial crisis. This allows us to take into account the 

effects that the major market downturn in recent history had on the repur- 

chase activity of UK companies. Second, our data set provides a detailed 

daily track of repurchases that, to our best knowledge, has never been ad- 

dressed for the UK. We encounter a further obstacle. We can directly obtain 

the number of shares repurchased in each transaction and the number of 

shares outstanding (after the transaction has occurred). However, we have 

no information on the repurchase price. To overcome this limitation, we use 
 

4For each transaction, Bloomberg® Professional provide a link to the official company’s 

report, where the data are gathered from. 
5Following the Bloomberg classification, the dataset is comprised of companies belong- 

ing to the following 8 sectors: 1. Consumer, Cyclical, 2. Consumer, Non-cyclical, 3. Indus- 

trial, 4. Energy, 5. Diversified, 6. Basic Materials, 7. Technology and 8. Communication 
6See appendix 1a. for a description of the derivation of the announcement 
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adjusted closing prices as proxy for repurchase prices7. 

The main characteristics of the sample are summarised in panels A and 

B of table 3.1, which describes the repurchase activity in the UK between 

2003 and 2017. Both panels report the number of announcements, the 

number of transactions, the ratio of the market value of shares repurchased 

over total assets and the ratio of shares repurchased over total shares out- 

standing. Panel A collects these statistics by year, while panel B by industry. 

From panel A, it can be seen that repurchases in the UK increase in their 

popularity as payout method after the GFC and precisely in 2011, when the 

number of announcements equals the three previous years altogether. An 

exception to this trend is constituted by the 2007, the year of the beginning 

of the GFC, where an abnormal number of announcements (14) compared 

to previous years can be found. However, the repurchase activity, which in- 

dicates the buyback programme itself, shows a different pattern. In fact, the 

2007 is the year with the highest number of transactions (4,225) and with 

the greatest percentage of market value of shares repurchased over total 

assets (3.76%). Moreover, the considerably higher percentage of shares re- 

purchased over total shares outstanding in that year (5.24%) indicates that 

companies tend to intensify their repurchase activity when the overall finan- 

cial market conditions deteriorate. By looking at panel B, it can be noted 

that consumer companies, both cyclical and non-cyclical, are those with the 

greatest number of announcements, while in the diversified industry this 

payout method is not particularly popular8. 

Summary statistics for the full sample of firm-days observations and for 

the two sub-samples of repurchasing and non-repurchasing companies are 

reported in tables 3.3 and 3.4. All variables are winsorized at the upper 

and lower 1% to eliminate outliers that may bias the empirical estimation. 

A detailed description of the definitions and calculations of all the variables 

can be found in table 3.2. From table 3.3, it can be seen that all five liquid- 

ity variables show a low volatility, despite the wide range that characterises 
 

7See Appendix 1b. for an explanation of this choice. 
8More precisely, the 2 announcements have been made by one company in this industry 

classification. 
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quoted and effective spreads. Although the final sample used for analysis 

comprises only repurchasing companies, we formally test its representa- 

tiveness, by comparing it with companies not involved in any repurchasing 

activity over the same time span. Table 3.4 reports the descriptive statistics 

for non-repurchasing (panel A) and repurchasing companies (panel B). 

The representativeness of the repurchase sub-sample is formally evalu- 

ated using a non-parametric Mann-Whitney test, similarly to De Cesari, Es- 

penlaub, and Khurshed (2011). This test formally assesses the distribution 

of two independent random-variables. The last column of panel B reports 

the test statistics of the Mann-Whitney test, with asterisks indicating the 

usual significance levels. In particular, a significant test statistic means that 

the median of one distribution is statistically greater than the other. When 

the test is positive, the median of the non-repurchasing company is stochas- 

tically greater than the median of the repurchasing company, and vice-versa 

if the sign is negative. 

The empirical evidence suggests that the null hypothesis of equality of 

distribution can be rejected for all the variables. Stock-specific liquidity of re- 

purchasing companies is stochastically lower for four proxies, meaning that 

repurchasing companies are more liquid. This evidence seems to corrobo- 

rate the competitive market maker hypothesis (Barclay and Smith, 1988) ar- 

guing that share repurchases are used to increase stock liquidity (Miller and 

McConnell, 1995; De Cesari, Espenlaub, and Khurshed, 2011). However, 

we also notice that repurchasing companies have a stochastically greater 

size, which can partly explain higher liquidity. Moreover, repurchasing com- 

panies show lower returns, consistent with the hypothesis of undervaluation 

and greater cash flow to total assets, consistent with the cash flow hypoth- 

esis (Jensen, 1986). Unexpectedly, we observe that they are more volatile, 

in contrast with Cook, Krigman, and Leach (2004) and De Cesari, Espen- 

laub, and Khurshed (2011). However, these summary statistics do not dif- 

ferentiate between the period before and after the announcement, so that 

the higher volatility may constitute a reason to undertake a repurchase pro- 

gramme if this is announced to stabilise price, as claimed by Brav et al., 
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2005. 

Table 3.5 describes more in detail the features of the repurchasing sub- 

sample. We split the dataset of firm-days observations with repurchasing 

activity in four quartiles, based on the number of transactions undertaken 

by each company in the sample period, in order to see the characteristics 

of non-frequent (1st quartile) and frequent (4th quartile) repurchasers. In  

the last column, we report the t-test to check if mean values between quar- 

tiles 1 and 4 are statistically different. The t-test indicates that all the liq- 

uidity variables are statistically different between non-frequent and frequent 

repurchasers. Among the various remarkable features, it can be seen that 

companies in the fourth quartile are significantly more liquid and less volatile 

than companies in the first. In fact, they show an average of 2% less volatil- 

ity for all the measures in the study. In addition they present a greater cash 

flow to total assets ratio, consistent with their frequent-repurchasing status. 

In fact, it is reasonable to assume that companies with a temporary extra 

cash flow will be more inclined to concentrate their repurchases in a limited 

number of transactions perhaps of greater size. 



 

 
 
 
 
 
 

 

TABLE  3.1: Repurchase activity in the UK 
 

Panel A: Full sample by year 

Year # announcements # of trans. Value repurchased / TA Rep. ratio 

2003 4 954 0.43% 1.24% 

2004 8 1146 0.97% 1.07% 

2005 5 1915 1.71% 1.53% 

2006 7 2151 1.54% 1.82% 

2007 14 4225 3.76% 5.24% 

2008 9 2273 2.33% 2.18% 

2009 2 272 0.32% 0.27% 

2010 7 864 0.64% 0.68% 

2011 18 2551 1.19% 1.72% 

2012 12 2952 1.25% 1.69% 

2013 16 3247 1.06% 1.27% 

2014 20 2930 0.67% 2.04% 

2015 27 2311 0.40% 0.85% 

2016 35 2829 0.51% 1.40% 

2017 14 1584 0.12% 0.88% 

Panel B: Full sample by industry    

Consumer, cyclical 68 9372 1.11% 3.97% 

Consumer, Non-cyclical 55 11145 1.36% 3.02% 

Industrial 14 2251 0.34% 1.89% 

Energy 8 2086 0.77% 5.52% 

Diversified 2 165 3.65% 8.19% 

Basic Material 17 1481 0.18% 1.45% 

Technology 5 582 0.54% 1.81% 

Communication 29 5122 4.08% 4.71% 

Notes: The table reports the repurchase activity between January 2003 and June 2017 in the UK. Panel A classifies the data by year, while panel B by 

industry. Column 2 reports the number of announcements, while column 3 indicates the total number of transactions in the open market. The last two 

columns report the average number of share repurchased over total assets and the total shares repurchased over total shares outstanding, defined 

repurchase ratio. 
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TABLE 3.2: Variable definitions 
 

Quoted spread (QS) Pa − Pb, where Pa is the ask price and Pb is the bid price 

Proportional quoted 

spread (prop. QS) 
(Pa − Pb)/Pm, where Pm is the mid price obtained as (Pa + Pb)/2 

Effective spread (ES) 2|Pt − Pm|, where Pt is the adjusted closing price 

Proportional effective 

spread (Prop. ES) 
2|Pt − Pm|/Pt 

Illiquidity (illiq) price impact measure based on Amihud (2002), initially calculated 

on a daily basis as Ret /Vol, where Ret is the daily return and Vol 

is the daily volume for each stock 

Long-term debt to total 

assets (LT Debt / TA) 

 
Free Cash Flow to to- 

tal assets (FCF/TA) 

 
 
 

60 days volatility (60 

days σ) 

 
 
 

 
Return on assets 

(ROA) 

 
 

Current Assets/Total 

Assets (CA/TA) 

Measures the average non-current liabilities to total assets. Calcu- 

lated as: Average non-current liabilities / Average Total Common 

Equity 

Measure of financial performance calculated as operating cash flow 

minus capital expenditures divided by total assets. Free cash flow 

represents the cash that a company is able to generate after laying 

out the money required to maintain or expand its asset base. FCF 

is reported in millions, but taken as the ratio over total assets in the 

analysis. 

A measure of the risk of price moves for a security calculated from 

the standard deviation of day to day logarithmic historical price  

changes. 

The 60-day price volatility equals the annualised standard deviation 

of the relative price change for the 60 most recent trading days clos- 

ing price, expressed as a percentage. A similar construction charac- 

terises the 20 and 10 days volatility variables 

An indicator of how profitable a company is relative to its total assets, 

in percentage. Return on assets gives an idea as to how efficient 

management is at using its assets to generate earnings (Bloomberg 

Professionals), obtained as (Trailing 12M Net Income / Average Total 

Assets)x100 

Ratio to measure the percentage of total current assets over total 

assets. Calculated as: (Total Current Assets/Total Assets) * 100 

Dividend per share It is based on the regular cash dividends per share and excludes 

memorial and special cash dividends 

Total assets The total of all short and long-term assets as reported on the Bal- 

ance Sheet. Figures are reported in millions 

Price-to-book (P/BV) The ratio of the stock price to the book value per share, calculated 

as: Last Price / Book Value Per Share 



 

3.4. Data and descriptive statistics 85 

 
 
 
 
 
 
 
 
 
 

 
TABLE 3.3: Summary statistics 

 

Full sample Mean SD(%) Min Max 

Liquidity Variabes     

Quoted spread 3.01 5.26 0.05 60.00 

Prop. Quoted spread 0.01 0.01 1.9E+04 0.08 

Effective spread 4.24 9.61 0.02 90.00 

Prop. Effective spread 0.01 0.01 7.1E+5 0.12 

Illiq 5.5E+04 0.01 1.17E+06 0.11 

Other variables     

Returns 0.04 1.77 -16.73 23.71 

Shares outstanding (mln) 3469 9334 9 68193 

FCF/Tot. Ass. 0.03 0.05 -0.18 0.25 

60 days volatility (%) 28.07 14.69 6.40 96.59 

30 days volatility (%) 27.35 15.18 5.28 99.36 

10 days volatility (%) 25.70 16.43 2.84 104.08 

Return on assets 5.96 7.66 -29.57 34.98 

CA/TA 43.87 23.28 0.00 100 

DPS 7.70 10.02 0.00 70.15 

Size 11.71 1.99 3.98 19.30 

P/BV 3.29 3.43 0.34 30.53 

Tobin Q 1.74 0.99 0.69 7.58 

LT Debt/ Tot. As. 17.43 16.30 0.00 77.66 

Notes: Descriptive statistics relating to all the variables included in the analyses. Panel A 

reports summary statistics of all the firm-days observations for UK repurchasing 

companies in the period 2003-2017. All variables are described at point c. of the 

Appendix. 



 

 
 
 
 
 
 
 
 
 
 
 

 

TABLE 3.4: Repurchasing and non-repurchasing sub-samples 
 

Panel A: Non-repurchasing companies Panel B: Repurchasing companies 

Full sample Mean Median SD(%) Min Max Mean Median SD(%) Min Max z-test 

Liquidity Variabes            

Quoted spread 3.33 1.50 5.50 0.05 60.00 1.54 0.55 3.56 0.05 59.74 300.13*** 

Prop. Quoted spread 0.01 0.01 0.01 1.9E+04 0.08 4.3E+03 1.1E+03 0.01 1.9E+04 0.08 398.91*** 

Effective spread 4.13 1.00 9.31 0.02 90.00 4.79 1.00 10.90 0.02 90.00 -37.46*** 

Prop. Effective spread 0.01 2.9E+03 0.02 7.1E+5 0.12 0.01 1.6E+03 0.02 7.1E+5 0.12 36.69*** 

Illiq 3.2E+03 .0003606 0.01 1.17E+06 0.11 8.28E+04 .0000481 5.02E+03 1.17E+06 0.11 302.58*** 

Other variables            

Returns 0.04 0.09 1.75 -16.73 23.71 0.03 0.06 1.86 -16.46 12.20 2.602*** 

FCF/Tot. Ass. 0.02 0.02 0.05 -0.18 0.25 0.03 0.03 0.05 -0.16 0.25 -141.22*** 

60 days volatility (%) 27.51 24.19 14.73 6.40 96.59 30.72 26.93 14.17 6.41 96.58 -143.26*** 

30 days volatility (%) 26.77 23.19 15.18 5.28 99.36 30.06 26.14 14.89 5.28 99.36 -141.45*** 

10 days volatility (%) 25.11 20.99 16.38 2.84 104.08 28.46 24.22 16.36 2.84 104.08 -132.9*** 

Return on assets 5.46 5.01 7.62 -29.57 34.98 7.48 6.63 7.57 -28.96 34.79 -139.67*** 

CA/TA 46.22 43.25 23.75 0.71 100 38.02 34.99 20.96 0.00 97.72 158.49*** 

DPS 7.27 3.90 9.57 0.00 67.50 9.01 5.20 11.18 0.00 70.15 -88.01*** 

Size 11.45 11.26 1.96 3.98 19.30 12.51 12.32 1.84 7.50 17.32 -287.04*** 

P/BV 3.00 2.07 3.11 0.34 30.53 4.22 2.91 4.14 0.34 30.53 -174.34*** 

Tobin Q 1.66 1.35 0.94 0.69 7.58 1.98 1.64 1.08 0.70 7.55 -187.06*** 

LT Debt/ Tot. As. 16.84 13.09 16.61 0.00 77.66 19.27 18.30 15.17 0.00 76.98 -95.27*** 

Notes: Summary statistics for the two subsamples of non repurchasing (panel A) and repurchasing (panel B) companies listed in the FTSE all Share Index, 

for the full sample of firm-days observations during the period 2003:2017. The table includes all the variables used in the analysis. Data for the liquidity 

measures and log returns are calculated on a daily basis. Data for the other variables are obtained from Bloomberg Professional. All variables are described 

in point c. of the Appendix. The last column of panel B reports the test statistic of the Mann-Whitney test. Asterisks indicate the usual significance level. 
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TABLE 3.5: Descriptives by number of transactions quartiles 
 

Number of transactions Low of transactions Quartile 2  Quartile 3  High of transaction  

 Mean SD Mean SD Mean SD Mean SD t-test 

Returns 0.048 1.882 0.038 1.908 0.035 1.943 0.026 1.692 2.99*** 

Quoted Sp. 3.319 5.008 1.830 2.807 1.004 1.664 1.323 4.168 111.09*** 

Prop. Quot. Spr. 0.010 0.013 0.007 0.011 0.003 0.007 0.002 0.005 199.91*** 

Eff. Spr. 4.739 10.092 4.062 9.634 3.727 10.119 4.388 10.168 8.86*** 

Prop. Eff. Spr. 0.011 0.018 0.009 0.016 0.008 0.017 0.009 0.017 26.41*** 

Illiquidity 0.003 0.011 0.001 0.006 3.9E+04 0.003 2.1E+04 0.002 109.49*** 

P/BV 3.367 2.704 4.302 4.166 3.725 3.766 4.803 4.486 -94.76*** 

60 days volatility (%) 30.92 13.255 32.39 14.530 32.17 14.731 28.10 13.034 54.79*** 

30 days volatility (%) 30.15 13.895 31.43 15.205 31.39 15.290 27.60 13.807 47.14*** 

10 days volatility (%) 28.47 16.033 29.26 16.557 29.71 16.763 26.26 15.217 36.16*** 

Size 10.67 1.292 11.342 1.141 12.552 1.688 13.14 1.756 -4.10E+02*** 

CA/TA 43.05 21.37 41.17 19.68 37.48 22.60 35.92 19.51 89.49*** 

DPS 6.153 6.325 6.765 9.644 7.658 9.769 11.25 12.795 -1.30E+02*** 

FCF/TA 0.038 0.053 0.032 0.055 0.026 0.047 0.041 0.042 -15.46*** 

ROA 8.751 6.928 7.000 7.270 6.063 8.026 8.373 6.998 13.60*** 

Tobin Q 2.072 1.136 1.880 0.936 1.827 1.059 2.079 1.003 -1.63* 

LTD/TA 13.15 14.138 18.609 16.145 19.927 14.487 20.31 15.322 -1.20E+02*** 

Notes: Descriptive statistics divided in four quartiles depending on the number of transactions undertaken by all the companies in the sample to buy back 

their shares. Statistics refer to the dataset of 41,938 firm-days observations for UK companies in the period 2003:2017. The table includes all the variables 

used in both the univariate and multivariate analysis. Data for the liquidity measures and log returns are calculated on a daily basis. Data for the other 

variables are obtained from Bloomberg Professional. All variables are described in point c. of the Appendix. 
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3.5 Methodology 

 
Based on the recent stream of research that investigates the execution of 

the programme, we test several macroeconomic variables that may guide 

companies in the buyback strategy. We hypothesise that the programme it- 

self is not necessarily driven by the same motives underlying the announce- 

ment. Instead, companies rely on short-term factors that may  allow them 

to repurchase at a competitive price. Starting from daily disclosed repur- 

chase transactions, we construct monthly measures that capture the dy- 

namic evolution of market liquidity, which is well know to explain its effects 

in the relatively short term (Amihud and Mendelson, 1986; Amihud, 2002; 

Brunnermeier and Pedersen, 2009). Before moving to the empirical anal- 

ysis of the repurchase programme, we initially assess how the UK market 

absorbs the information contained in a buyback announcement, that is if the 

market positively reacts. To do so, we test if cumulative abnormal returns 

(CARs) are significantly different from zero for our sample of 198 announce- 

ments between 2003 and 2017. 

Abnormal returns (AR) for firm i on day t are obtained as ARi,t  = Ri,t − 

Rm,t, where Ri,t  is the daily return for the traded share i  on day t  and Rm,t 

is the return of the FTSE All-Share Index on the same day9. CARs are ob- 

tained as the sum of AR over four different time windows: i) 0,+1 ii) -1,+1 

iii) -2,+2 iv) -5,+5. Table 3.6 shows that companies announcing a buyback 

experience significantly positive abnormal returns. All the CARs are statis- 

tically greater than zero at 5% significance level, even though there is not a 

substantial difference between the -2,+2 and the -5,+5 windows. 

The evidence that CARs are significantly positive around the announce- 

ment suggests that, independently from the stated motive of the repurchase, 
 

9The FTSE All Share index is used as a benchmark index, similarly to Rau and Vermae- 

len (2002) and Ozkan, Poletti-Hughes, and Trzeciakiewicz (2017) 



3.5. Methodology 89 
 

TABLE 3.6: Cumulative abnormal returns 
 
 

0,+1 -1,+1 -2,+2 -5,+5 
 

CAR % 0.609 1.032 1.325 1.323 

  t-test (µ > 0) 0.041 0.006 0.007 0.010  
 

Notes: The table reports cumulative abnormal returns (CARs) for four different time win- 

dows around the announcement of a repurchase programme for 198 announcements that 

took place between 2003 and 2017, in particular: 0,+1; -1,+1; -2,+2; -5,+5. CARs are 

computed using the FTSE All Share as benchmark. The table also reports the p-value of a 

t-test if CARs are significantly greater than zero. 

 
the market favourably sees this payout method from UK companies. How- 

ever, the long term motivation does not necessarily imply a certain strat- 

egy to repurchase. Previous research finds that companies increase repur- 

chasing activity in months following stock price rundowns for other markets 

(Stephens and Weisbach, 1998; Cook, Krigman, and Leach, 2004). As 

noted by Cook, Krigman, and Leach (2004) the ability to time the market 

reflects that companies are using private information. For this reason, we 

would expect the repurchasing activity to be followed by a price increase 

and/or preceded by price drops. The next section describes our empiri-  

cal approach. We firstly investigate the decision to repurchase using a lo- 

gistic regression model, where the dependent variable is equal to 1 if the 

company decides to repurchase any quantity of its outstanding shares in  

a given month. Subsequently, we try to shed light on the factors that af- 

fect the percentage to repurchase in a given month employing two models: 

Tobit and censored quantile regression (CQR). Lastly, we assess the robust- 

ness of our results by replicating the empirical analysis on a annual base, 

thus including all accounting variables that take into consideration the widely 

known long-term motives to repurchase. 

 
3.5.1 The repurchase programme 

 
The theoretical pillar behind the undervaluation hypothesis is that compa- 

nies signal to the market that the stock price does not reflect its intrinsic 

value. The signalling power of the announcement relates to the superior 
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information that companies have regarding the value of the stock. How- 

ever, if companies decide to undertake the repurchase programme through 

the open-market due to its flexibility, they inevitably carry a risk deriving from 

the exposure to financial fluctuations. We argue that if companies are willing 

to bear this risk is mainly for two reasons. Firstly, they have confidence on 

their future price performances, which allow them to buy back their shares 

at bargain prices. Secondly, they can exploit their superior information also 

during the programme and not just in the phase of the announcement. Stock 

prices are not just a function of firm-specific fundamentals, but also of mar- 

ket forces. Therefore, the ability of companies to time the market does not 

only depend on their superior information, but also on their ability to antic- 

ipate market movements. In fact, if overall market conditions deteriorate, 

companies have the opportunity to buy back their stocks at lower prices. 

For these reasons, we consider stock and market variables the main drivers 

of the repurchase execution. 

Throughout the chapter, we use as a dependent variable the actual num- 

ber of shares repurchased in month m, scaled by the number of total shares 

outstanding in the previous month m − 1, that we define REP.  We test the 

percentage repurchased (REP) as a function of stock-specific and market 

variables calculated as monthly averages. The market variables object of 

the analysis are: 

Liquidity variables: given the various facets of liquidity (Amihud, Mendel- 

son, and Pedersen, 2012), we use five different measures, both direct and 

indirect. These include quoted spread, proportional quoted spread, effec- 

tive spread, proportional effective spread and Amihud’s price impact (Ami- 

hud, 2002)10. Each market-wide liquidity proxy is obtained as an equally- 

weighted average of an individual stock’s measures, including financials and 

utilities. Although a few studies address the impact of market liquidity in the 

repurchase announcement (Banerjee, Gatchev, and Spindt, 2007; Brock- 

man, Howe, and Mortal, 2008), we are the first to test its role on the buyback 

activity in the UK market.  In fact, the microscope of market  microstructure 
 

10Full description is reported in table 4.1 
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and corporate financial literature on share repurchases have mainly inves- 

tigated the dynamics of stock-specific levels of liquidity during the buyback 

execution (De Cesari, Espenlaub, and Khurshed, 2011). Brockman, Howe, 

and Mortal (2008) report that market liquidity has a first-order effect on re- 

purchase initiator firms, in the sense that companies prefer to announce a 

buyback when market liquidity is low. Similarly, we expect a negative re- 

lationship between market liquidity and the repurchase decision in a given 

month. 

Price performances: in order to test if companies use their superior 

information by buying after a price decrease, we include as a regressor, 

the previous month’s stock returns, similarly to Cook, Krigman, and Leach 

(2004). In addition to the stock price performance, we also include the re- 

turns of the FTSE all share index, which allows us to assess whether com- 

panies repurchase also after a generalised price decrease. 

Risk: since not all the shares in the market equally react to macroe- 

conomic shocks, we include systematic risk as additional regressor. This 

strategy allows us to see if companies take into account the macroeconomic 

environment per se, or in relation to the performance of their stock. We cal- 

culate a stock’s sensitivity to market returns as the beta of the Capital Asset 

Pricing Model (CAPM): 

 

ri,t − R f  = αi + βim,t(rm,t − R f ) + Gi,t (3.1) 

 
Where the 2 years government bond yield is used as a proxy for the risk 

free rate (Rf ). All betas are calculated for each stock over a calendar year, 

using daily data. To the best of our knowledge, the beta, as a measure of 

systematic risk, has not been previously used as a measure of risk in the 

analysis of open-market share buybacks. 

Volatility: we expect companies with greater volatility to be more willing 

to repurchase, as reported for other markets (Cook, Krigman, and Leach, 

2004; De Cesari, Espenlaub, and Khurshed, 2011). In fact, survey evidence 

report that companies use buyback announcements to control for short-term 
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volatility (Brav et al., 2005). Since De Cesari, Espenlaub, and Khurshed 

(2011) found empirical support to this claim, we also separately include 

three stock-specific measures of short, medium and long-term volatility, cal- 

culated as 10, 30 and 60 days average volatility. 

 
The decision to repurchase: logistic regression 

We firstly employ a logistic regression model where the dependent variable, 

Tradei,t, is equal to 1 if REP is positive in a given month t and zero oth- 

erwise. Thanks to a unique dataset of daily repurchase transactions for 

each company in the FTSE All Share, we are able to investigate in depth 

how companies structure the programme and how they deal with dynamic 

market conditions. The independent variables are constructed as monthly 

averages of daily data in the previous month (t − 1). The model takes the 

form: 

 

Tradei,t =αi,t + γ1 Lm,t−1 + γ2 βi,m,t−1 + γ3ri,t−1 + γ4rm,t−1+ 

+ γ5VOL60i,t−1 + γ6 P/BVi,t−1 + Gi,t 

 
(3.2) 

 

The dichotomous dependent variable Tradei,t is a function of the previous 

month’s market liquidity (Lm,t−1), risk beta (βi,m,t−1), stock returns (ri,t−1), 

market returns (rm,t−1), long-term volatility (VOL60i,t−1) and price-to-book 

ratio (P/BVi,t−1). We repeat the estimation for all the five liquidity measures 

and replacing long-term volatility (60 days) with short (10) and medium-term 

(30). Since companies engage in a repurchase programme buying back a 

fraction of the shares that must be held and cancelled under the UK regu- 

lation, we expect that they prefer repurchasing after a stock-price run-down 

and when the market is more liquid. In fact, Brav et al. (2005) report that 

companies are more reluctant to repurchase shares when the market is illiq- 

uid because their transactions can increase the price impact of trading (see 

also Brockman, Howe, and Mortal, 2008, p. 447). 
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i 

≡ 
n

 

5 6 

Censored quantile regression 

 
We replicate the estimation proposed in equation 3.2, but using the actual 

percentage (REP) as a dependent variable, rather than a dichotomous re- 

sponse variable. Since we have only the 12% of non-zero observations, we 

employ a Tobit model, consistently with the majority of the existing litera- 

ture in this field (see, for example, Stephens and Weisbach, 1998; Dittmar, 

2000). However, past studies observe that specification tests of Tobit mod- 

els significantly reject the assumptions of homoskedasticity and normal dis- 

tribution of disturbances (Greene, 2007; Chay and Powell, 2001). Chay and 

Powell (2001) describe the problem and the solution, using semi-parametric 

censored regressions. To overcome the limitations of heteroskedastic and 

non normal disturbances, we follow Powell (1986), who employs censored 

least absolute deviation (CLAD) estimators for quantile regression, which 

constitutes a generalisation of the LAD estimator for the censored linear 

model (Powell, 1984). Our CQR model takes the form: 

REPi,t =αi,t + γθ Lm,t−1 + γθ βi,m,t−1 + γθri,t−1 + γθrm,t−1+ 
1 2 3 4 

(3.3) 
+ γθ VOL60i,t−1 + γθ P/BVi,t−1 + Gi,t 

 

where the censored regression quantile estimators γ̂θ  for quantile θ, is de- 

fined as that value of γ minimsing: 
 

Q , 
1 n

 y max 0, xJ
 (3.4) 

n(β θ)  ∑ ρθ ( i 
i=1 

{ i β}) 

 

and ρθ (δ) ≡ [θ − l(δ < 0)]δ11. 

This model provides an empirical assessment of the importance of macroe- 

conomic variables in the repurchase ratio each month.  In addition to this,  

we are also interested in investigating the behaviour of frequent and non- 

frequent repurchasers. While the repurchase ratio is an informative mea- 

sure of the buyback strategy, it is not informative with respect to how these 
 

11For a complete explanation and derivation of this formula see Powell (1984) and Powell 

(1986) 

− 
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orders are split during a month. In fact, frequent repurchasers may be more 

sensitive to market liquidity as compared to those who buy back the entire 

fraction of outstanding shares in one single transaction. To uncover new ev- 

idence on this issue, we employ as a dependent variable a number of trans- 

actions (taken as log) each month. Coherently with the discussion around 

the limitations of Tobit models, this second model uses the CQR estimation 

technique. 

 

3.6 Results 

 
3.6.1 The decision to repurchase 

The present section examines the factors behind the decision to repurchase 

in a given month. To do so, we employ the logistic regression model de- 

scribed in equation 3.2, where the dependent variable, Tradei,t, is equal to 1 

if the repurchase ratio is positive and zero otherwise for each month t. We 

employ a set of stock-specific and macroeconomic factors in the previous 

month (t − 1) as independent variables. We calculate the equally weighted 

market illiquidity average for each measure across all stocks listed in the 

FTSE All Share index. Stock and market returns are calculated as the log 

difference between monthly adjusted closing prices. The monthly risk mea- 

sure is obtained from the beta coefficient as shown in equation 3.1, cal- 

culated for each stock using all available observations during a calendar 

month. VOL60 and P/BV are obtained as simple averages over the calen- 

dar month for each stock. 

Table 3.7 shows the results. Almost all the coefficients are significant, 

with the vast majority of them at the 1% significance level. The estimated 

parameter for the primary variable of interest, which is market illiquidity, are 

significant for all the measures and with the expected sign for all except 

Amihud’s ILLIQ. These results provide strong support for our hypothesis 

that companies repurchase when the market is relatively less illiquid. The 

negative relationship between market liquidity and likelihood of a repurchase 



3.6. Results 95 
 

implies that the probability that firms are engaged in buyback activity is lower 

when liquidity in the market dries up. In contrast, when markets are less illiq- 

uid in a given month, the likelihood of repurchasing shares in the following 

month is higher. This finding is consistent with previous studies that high- 

light that market liquidity has a first order effect on the decision to announce 

a repurchase (Brockman, Howe, and Mortal, 2008). 

With respect to the other covariates, it can be noted negative and sig- 

nificant coefficients for stock and market (index) returns. This implies that 

the probability of repurchasing shares is higher during a month following 

poor stock and market price performances. This evidence is in line with 

previous research showing that companies repurchase after a stock-price 

rundown (Jagannathan, Stephens, and Weisbach, 2000; Dittmar and Field, 

2015), and it is consistent with the undervaluation hypothesis. Our findings 

provide two further distinct implications. First and foremost, the negative 

and significant coefficient for market returns provide supporting evidence 

that companies actively consider the macroeconomic setting for their repur- 

chase decisions. Second, differently from most studies that focus on the 

announcement, we show that a previous period’s stock-price performance 

is also crucial for the repurchase activity. We also note that the coefficient 

for systematic risk is positive and significant. This result indicates that com- 

panies with greater systematic risk are more likely to repurchase in a given 

month and particularly after a month of poor stock market performances. 



 

 
 
 
 
 
 
 
 

 

TABLE  3.7: Logistic regression 
 

D.V.: Repurchase (t+1)   Quoted Spread Pr. Quoted Spread Effective Spread Pr. Effective Spread Illiquidity 
 

 

Market liquidity (-) -0.258*** -35.55*** -0.0400** -18.73* 170.9*** 
 (-3.85) (-4.06) (-2.53) (-1.80) (-4.51) 

Systematic risk (+) 0.244*** 0.227*** 0.249*** 0.244*** 0.263*** 
 (-8.25) (-7.56) (-8.34) (-8.24) (-8.4) 

Stock returns (-) -0.195*** -0.193*** -0.201*** -0.200*** -0.201*** 
 (-3.62) (-3.52) (-3.75) (-3.72) (-3.71) 

Index returns (-) -0.377** -0.328* -0.366** -0.372** -0.132 
 (-2.84) (-2.46) (-2.77) (-2.77) (-1.00) 

60 days volatility (+) -0.0371*** -0.0362*** -0.0375*** -0.0369*** -0.0408*** 
 (-15.29) (-14.69) (-15.46) (-15.13) (-15.57) 

P/BV (+) 0.0625*** 0.0641*** 0.0622*** 0.0625*** 0.0629*** 
 (-15.19) (-15.47) (-15.12) (-15.2) (-15.24) 

Constant -0.580** -1.027*** -1.173*** -1.167*** -1.670*** 
 (-2.75) (-9.66) (-12.27) (-9.86) (-16.83) 

Log-likelihood -7737.84 -7737.81 -7742.67 -7743.90 -7735.95 

pseudo-R2 0.044 0.044 0.044 0.044 0.045 

Obs. 21864 21864 21864 21864 21864 

Notes: The results of the logistic regressions between the dichotomous repurchase variable and stock-specific and market-wide variables. Results include 5 

models for each liquidity variable reported in the essay. The sign in brackets next to each variable denotes the expected coefficient. Standard errors are 

reported in brackets. The definitions of variables are provided in the appendix. 
*** The estimated coefficient is significant at the 1% level. 

** The estimated coefficient is significant at the 5% level. 

* The estimated coefficient is significant at the 10% level. 
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It can be also seen from Table 3.7 a negative and highly significant co- 

efficient for stock volatility. This surprising result is inconsistent with the tra- 

ditional view, particularly supported for the US marker, that firms use repur- 

chases to control for stock’s volatility (see, e.g., Cook, Krigman, and Leach, 

2004; De Cesari, Espenlaub, and Khurshed, 2011). The negative coefficient 

rather indicates that firms are less likely to repurchase when stock returns 

are more volatile. This aversion to uncertainty may be related to the risk of 

reduced timing ability of firms in repurchasing at bargaining prices. 

The output from a logistic regression is often difficult to interpret when 

one might be interested in the magnitude of the coefficients other than their 

sign. However, direct deductions can not be made with the reported coef- 

ficients of Table 3.7, since the distribution is not linear. To provide further 

insights and to better comprehend the impact of our independent variables 

on the decision to repurchase, we report in table 3.8 odd ratios and marginal 

effects. The latter, in particular, is computed at each independent variable’s 

mean value. Coefficients in Panel A represent the effect of one unit increase 

in the explanatory variable on the log odds ratio, which is the probability of 

repurchasing divided by the probability of non-repurchasing. Coefficients 

indicate that for a unit increase in market liquidity, that is when markets are 

less liquid in a given month, the log odd of repurchasing in the following 

month decreases by a factor that spans from the 7.33−09  of proportional ef- 

fective spread, to the 0.961 of the effective spread12. Therefore, the impact 

of market liquidity is determinant for the repurchase programme. For a unit 

increase in systematic risk, the odds of repurchasing in the following month 

increases by an average factor of 1.28, holding all other variables constant. 

 
 
 
 
 
 
 
 
 

 
12To facilitate the reader, the percentage decrease in the probability of a repurchase for a 

unit increase in proportional effective spread is (-)100% and for effective spread is (-)3.9% 
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TABLE 3.8: Logistic regression: odd ratios and marginal ef- 

fects 
 

Panel A: Odd ratios Quoted Spread Pr. Quoted Spread Effective Spread Pr. Effective Spread Illiquidity 

Market liquidity 0.773*** 3.64e-16*** 0.961** 7.33E-09* 1.74e+74*** 
 (-3.85) (-4.06) (-2.53) (-1.80) (-4.51) 

Systematic risk 1.277*** 1.255*** 1.283*** 1.276*** 1.300*** 
 (-8.25) (-7.56) (-8.34) (-8.24) (-8.4) 

Stock returns 0.823*** 0.825*** 0.818*** 0.819*** 0.818*** 
 (-3.62) (-3.52) (-3.75) (-3.72) (-3.71) 

Index returns 0.686*** 0.721** 0.694*** 0.690*** 0.877 
 (-2.84) (-2.46) (-2.77) (-2.77) (-1.00) 

60 days volatility 0.964*** 0.964*** 0.963*** 0.964*** 0.960*** 
 (-15.29) (-14.69) (-15.46) (-15.13) (-15.57) 

P/BV 1.065*** 1.066*** 1.064*** 1.065*** 1.065*** 

 (-15.19) (-15.47) (-15.12) (-15.2) (-15.24) 

Panel B: Marginal effects Quoted Spread Pr. Quoted Spread Effective Spread Pr. Effective Spread Illiquidity 

Market liquidity -0.0266*** -3.673*** -0.00414** -1.936* 17.66*** 
 (-3.85) (-4.06) (-2.53) (-1.80) (-4.5) 

Systematic risk 0.0252*** 0.0235*** 0.0258*** 0.0252*** 0.0271*** 
 (-8.24) (-7.56) (-8.33) (-8.24) (-8.4) 

Stock returns -0.0202*** -0.0199*** -0.0208*** -0.0206*** -0.0208*** 
 (-3.61) (-3.51) (-3.74) (-3.71) (-3.70) 

Index returns -0.0390*** -0.0339** -0.0378*** -0.0384*** -0.0136 
 (-2.84) (-2.46) (-2.77) (-2.77) (-1.00) 

60 days volatility -0.00384*** -0.00374*** -0.00388*** -0.00382*** -0.00422*** 
 (-15.44) (-14.84) (-15.61) (-15.27) (-15.72) 

P/BV 0.00646*** 0.00662*** 0.00643*** 0.00646*** 0.00650*** 

 (-15.23) (-15.49) (-15.16) (-15.24) (-15.27) 

Notes: The results of the logistic regressions between the dichotomous repurchase 

variable and stock-specific and market-wide variables. The results include 5 models for 

each liquidity variable reported in the essay. Panel A reports odd ratios, while Panel B 

marginal effects, computed at each independent variable’s mean value. Robust standard 

errors are reported in brackets. The definitions of variables are provided in the appendix. 
*** The estimated coefficient is significant at the 1% level. 

** The estimated coefficient is significant at the 5% level. 

* The estimated coefficient is significant at the 10% level. 
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TABLE 3.9: Tobit regression 
 

Dependent variable: REP Quoted Spread Pr. Quoted Spread Effective Spread Pr. Effective Spread Illiquidity 

Market liquidity (lag) 

Beta (lag) 

Stock returns (lag) 

 
Index returns 

-0.0157*** 

(-4.44) 

0.0109*** 

(-6.74) 

-0.00741** 

(-2.39) 

-0.0425*** 
(-6.46) 

-1.664*** 

(-3.34) 

0.0102*** 

(-6.21) 

-0.00739** 

(-2.37) 

-0.0409*** 
(-6.13) 

-0.00324*** 

(-3.50) 

0.0112*** 

(-6.91) 

-0.00783** 

(-2.53) 

-0.0458*** 
(-6.92) 

-1.567*** 

(-2.81) 

0.0108*** 

(-6.69) 

-0.00775** 

(-2.50) 

-0.0452*** 
(-6.83) 

6.510*** 

(-3.11) 

0.0114*** 

(-6.92) 

-0.00780** 

(-2.50) 

-0.0403*** 
(-6.04) 

Index returns (lag) -0.0208*** -0.0183*** -0.0205*** -0.0214*** -0.0102 

 
60 days volatility (lag) 

P/BV (lag) 

Constant 

(-3.00) 

-0.00152*** 

(-15.09) 

0.00341*** 

(-13.46) 

-0.0543*** 

(-4.89) 

(-2.64) 

-0.00148*** 

(-14.42) 

0.00351*** 

(-13.79) 

-0.0864*** 

(-14.86) 

(-2.96) 

-0.00155*** 

(-15.40) 

0.00337*** 

(-13.25) 

-0.0866*** 

(-15.43) 

(-3.05) 

-0.00151*** 

(-14.94) 

0.00340*** 

(-13.36) 

-0.0857*** 

(-12.86) 

(-1.41) 

-0.00166*** 

(-15.18) 

0.00345*** 

(-13.61) 

-0.114*** 

(-19.98) 

Log-likelihood -2397 -2401 -2401 -2403 -2402 

sigma 0.103 0.103 0.103 0.103 0.103 

pseudo-R2 0.114 0.112 0.112 0.112 0.112 

Obs. 21,864 21,864 21,864 21,864 21,864 

Censored obs. 19,256 19,256 19,256 19,256 19,256 

Notes: The results of the Tobit regression REPi,t = 
αi,t + γ1 Lm,t   1 + γ2 βi,m,t   1 + γ3ri,t   1 + γ4rm,t   1 + γ5VOL60i,t   1 + γ6 P/BVi,t   1 + Gi,t  for 

each liquidity variable. Results include 5 models for each liquidity variable reported in the 

essay for a sample of 21,864 firm-month between 2003 and 2017. 

*** The estimated coefficient is significant at the 1% level. 

** The estimated coefficient is significant at the 5% level. 

* The estimated coefficient is significant at the 10% level. 

 
3.6.2 Regression quantiles 

 
In the previous section, we have analysed the decision to repurchase any 

amount of shares in a given month using a logistic regression model. We 

now turn our empirical investigation to the strategy that companies adopt in 

terms of quantity to repurchase each month (REP), expressed as the ratio 

between shares repurchased and total shares outstanding. Algebraically: 

 

REPi,t =αi,t + γ1 Lm,t−1 + γ2 βi,m,t−1 + γ3ri,t−1 + γ4rm,t−1+ 

+γ5VOL60i,t−1 + γ6 P/BVi,t−1 + Gi,t 

 
(3.5) 

 

In line with the vast majority of the existing literature in this field, we firstly 

estimate the above equation using a Tobit model and we report the results 

in Table 3.9. Similarly to the logistic estimation, all the liquidity measures 

are significant at the 1% level and four of them have the expected nega- 

tive sign. The results reveal that the percentage of shares repurchased in 
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month t is inversely related to the previous month’s market liquidity, stock re- 

turns, index returns and long-term volatility and positively related to the beta 

and P/BV. While these evidence are generally consistent with prior stud- 

ies, a number of these results are inconsistent with theoretical predictions. 

For example, we would expect long-term volatility to be positively related to 

the repurchase ratio if companies use buybacks to stabilise prices (De Ce- 

sari, Espenlaub, and Khurshed, 2011). Moreover, we would also expect a 

negative relationship between REP and P/BV, in order to support under- 

valuation. However, Liu and Swanson (2016) recently provide evidence that 

companies use repurchases to support potentially overvalued shares. While 

it may be hard to push stock prices up in the long-term and particularly after 

a price decline, their study can provide a possible explanation, at least for 

the short term to our positive coefficient. 

With respect to the market liquidity coefficients, our estimates are con- 

sistent with Brockman, Howe, and Mortal (2008) for the specific case of 

the buyback announcement. They find a first-order effect of market liquid- 

ity on the decision to announce a repurchase, while we report evidence of 

its primary importance in the execution of the programme. Economically 

speaking, by looking at the mean value of our market liquidity proxies, we 

can observe that when markets become more illiquid, companies reduce 

their repurchase percentages of: 2.42% (quoted spread), 0.72% (propor- 

tional quoted spread), 1.55% (effective spread), 1.53% (proportional effec- 

tive spread), while they increase REP of 0.48% with respect of illiquidity13. 

Since Tobit models have been often questioned to produce biased esti- 

mates when the assumptions of normality and homoskedasticity of the resid- 

uals are violated, we test the validity of our estimates in Table 3.9. To test the 

null hypothesis of normal distribution of the residuals from the Tobit model, 

we conduct the conditional moment test of Pagan and Vella (1989). The null 

hypothesis of normality is significantly rejected for all the models. To test 
 

13These values are obtained by multiplying the estimated parameters of table 3.9 with 

the mean values reported in table 3.4. 
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5 6 

heteroskedasticity, we include squared regressors to the Tobit model, apply- 

ing a multiplicative heteroskedasticity robust Tobit model, following Petersen 

and Waldman (1981)14. The likelihood ratio test rejects the null hypothesis 

of homoskedsticity for all the models. To overcome these limitations, we at- 

tempt to test an heteroskedasticity robust Tobit model. However, these tests 

reject the null of normality and constant variance also for the heteroskedas- 

ticity robust Tobit model. Given these specification concerns, we apply the 

censored regression quantile (CQR) method, proposed by Powell (1986)15. 

Powell (1986) shows that this nonparametric estimation procedure only re- 

quires that the distribution of the random component satisfies regular con- 

ditions. Therefore, no distributional assumptions are required to optimally 

estimate the parameters (see also Koenker and Bassett Jr, 1978). The 

CQR model that we test is: 

 
REPi,t =αi,t + γθ Lm,t−1 + γθ βi,m,t−1 + γθri,t−1 + γθrm,t−1+ 

1 2 3 4 
(3.6) 

+ γθ VOL60i,t−1 + γθ P/BVi,t−1 + Gi,t 

 

Where the dependent variable REP is censored if equal to zero. Since non- 

zero observations account for approximately 12% of the total number of 

firm-months, we estimate the model at the 90th and 95th quantiles for each 

liquidity measure. As further robustness, we also estimate the model at the 

85th quantile with similar results. The results of conditional estimators are 

reported in Table 3.10. It can be seen that all coefficients of market liquidity 

except one are significant at the 1% level with consistent signs as compared 

to the Tobit model. However, the estimated parameter at the 90th quantile 

show that the negative impact of market liquidity is slightly smaller (smaller 

coefficient). For example, the coefficient of proportional quoted spread for 

the Tobit model is -1.664, while for the CQR is -0.589. 

Systematic risk and contemporaneous market returns are also highly 
 

14Details about this procedure can also be found in Greene (2007). 
15We apply the user written Stata® command cqiv, developed by Chernozhukov et al. 

(2018) and based on the censored quantile instrumental variable estimation, from Cher- 

nozhukov, Fernández-Val, and Kowalski (2015). The method of Powell (1986) constitutes 

a specific case of the general cqiv model without endogenous regressors and instrumental 

variables. 
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significant and with the expected sign. We do not observe substantial differ- 

ences with the magnitude of the coefficients estimated with the Tobit model. 

We show that long-term volatility has a negative sign, confirming our ear- 

lier evidence and in contrast with previous studies. Lastly, the positive and 

significant coefficients for the price-to-book ratio seem to support the hy- 

pothesis of overvaluation (Liu and Swanson, 2016). The reported empirical 

estimation for the 95th quantile are generally consistent with those discussed 

above. 



 

1 2 3 4 5 6 

 
 
 
 
 
 
 
 
 

 

TABLE  3.10: Censored quantile regression 
 

Quoted Spread Pr. Quoted Spread Effective Spread Pr. Effective Spread Illiquidity 
 

Dependent variable: REP 90 95 90 95 90 95 90 95 90 95 

Market liquidity (lag) -0.0100*** -0.0136*** -0.589*** -0.274 -0.00213*** -0.00409*** -0.656*** -1.866*** 5.297*** 6.581*** 
 (-15.46) (-5.78) (-5.00) (-0.81) (-8.27) (-7.44) (-4.44) (-4.65) (-7.2) (-4.26) 

Beta (lag) 0.00864*** 0.0146*** 0.00861*** 0.0131*** 0.00849*** 0.0145*** 0.00854*** 0.0128*** 0.0103*** 0.0153*** 
 (-33.05) (-14.42) (-21.35) (-10.82) (-17.96) (-14.31) (-21.26) (-12.23) (-18.13) (-12.55) 

Stock returns (lag) -0.00573*** -0.0141*** -0.00622*** -0.0123*** -0.00619*** -0.0131*** -0.00577*** -0.0121*** -0.00723*** -0.0128*** 
 (-12.42) (-7.83) (-8.70) (-5.98) (-7.71) (-7.34) (-8.33) (-6.46) (-7.51) (-6.12) 

Index returns -0.0228*** -0.0501*** -0.0258*** -0.0512*** -0.0250*** -0.0498*** -0.0237*** -0.0515*** -0.0239*** -0.0491*** 
 (-20.68) (-12.16) (-15.03) (-10.40) (-12.31) (-11.70) (-13.62) (-11.60) (-10.99) (-10.43) 

Index returns (lag) -0.00809*** -0.0113** -0.00404** -0.00572 -0.00593*** -0.00918** -0.00589*** -0.0112** 0.000449 -0.00243 
 (-6.65) (-2.55) (-2.20) (-1.10) (-2.77) (-2.03) (-3.13) (-2.31) -0.2 (-0.49) 

60 days volatility (lag) -0.00129*** -0.00140*** -0.00131*** -0.00135*** -0.00130*** -0.00151*** -0.00128*** -0.00140*** -0.00145*** -0.00168*** 
 (-38.23) (-15.99) (-25.83) (-12.60) (-21.86) (-17.05) (-24.82) (-14.44) (-19.34) (-14.87) 

P/BV (lag) 0.00207*** 0.00248*** 0.00209*** 0.00257*** 0.00191*** 0.00216*** 0.00193*** 0.00229*** 0.00203*** 0.00252*** 
 (-48.07) (-13.1) (-32.56) (-11.6) (-24.85) (-11.19) (-29.4) (-11.31) (-24.03) (-11.75) 

Constant 0.0593*** 0.0908*** 0.0354*** 0.0518*** 0.0398*** 0.0712*** 0.0368*** 0.0700*** 0.0195*** 0.0407*** 
 (-27.79) (-12.05) (-21.21) (-12.14) (-22.96) (-20.42) (-20.84) (-15.47) (-9.83) (-9.9) 

Obs 13,468 18,060 13,338 18,148 13,703 18,055 13,757 18,061 13,027 17,674 

Notes: The results of the CQR model: REPi,t = αi,t + γθ Lm,t−1 + γθ β i,m,t−1 + γθ r i,t−1 + γθ rm,t−1 + γθ VOL60i,t−1 + γθ P/BVi,t−1 + Gi,t for each liquidity 

variable for the 90th and 95th quantiles. The results include 5 models for each liquidity variable reported in the essay. 

*** The estimated coefficient is significant at the 1% level. 

** The estimated coefficient is significant at the 5% level. 

* The estimated coefficient is significant at the 10% level. 
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3.6.3 Frequent vs Non-frequent repurchasers 

 
In the previous sections, we provide empirical evidence on the importance 

of market liquidity and the other macroeconomic variables on the strategic 

implementation of a repurchase programme. In addition, we overcome the 

misspecification of the Tobit model, using our methodological contribution 

with CQR. In this section we extend our prior results to shed light on the be- 

haviour of frequent and non-frequent repurchasers. In fact, REP indicates 

the percentage repurchased each month, but it is not informative as of the 

number of transactions undertaken to buyback that percentage. We are 

interested in finding out whether frequent repurchasers calibrate their pro- 

gramme with particular sensitivity towards market liquidity. To this extent, 

we hypothesise that the overall financial environment is more important for 

frequent than for non-frequent buyers, particularly when market timing is a 

function of market-wide factors. The number of transactions is obtained by 

counting the number of days, each month, in which a company is involved 

in a repurchasing activity. 

The model we test is similar to equation 3.3, except that we use as a de- 

pendent variable the log of the number of transactions in own shares made 

by each company in a given month, lnTri,t, and we add contemporaneous 

market returns as an additional regressor. This is because companies may 

adjust their number of transactions each month, not only as function of pre- 

vious month market returns, but also when contemporaneous returns are 

low. The model can be expressed as follows: 

 
 

lnTri,t =αi,t + γθ Lm,t−1 + γθ βi,m,t−1 + γθri,t−1 + γθrm,t−1+ 
1 2 3 4 

(3.7) 

+ γθrm,t + γθ VOL60i,t−1 + γθ P/BVi,t−1 + Gi,t 

 

In the results not reported here for brevity, we find issues of model specifi- 

cation using a Tobit model also when the dependent variable is the number 

of transactions per month. For this reason, we only show in table 3.11 the 

results obtained with the CQR methodology. We calibrate the estimation at 
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TABLE 3.11: CQR: number of transactions 
 

 
Dependent variable: # transactions 

Quoted Spread 

CQR (90) 

Pr. Quoted Spread 

CQR (90) 

Effective spread 

CQR (90) 

Pr. Effective Spread 

CQR (90) 

Illiquidity 

CQR (90) 

Market liquidity (lag) 

Beta (lag) 

Stock returns (lag) 

 
Index returns 

-2.037*** 

(-6.71) 

3.755*** 

(-26.57) 

-2.850*** 

(-11.59) 

-8.762*** 
(-15.31) 

-803.4*** 

(-19.21) 

3.685*** 

(-28.46) 

-2.737*** 

(-11.38) 

-7.759*** 
(-14.34) 

0.839*** 

(-19.39) 

3.726*** 

(-41.61) 

-2.693*** 

(-17.22) 

-7.810*** 
(-22.25) 

515.1*** 

(-13.4) 

3.859*** 

(-32.19) 

-2.667*** 

(-12.84) 

-7.769*** 
(-16.85) 

2581.5*** 

(-15.6) 

4.172*** 

(-30.85) 

-2.798*** 

(-12.65) 

-8.202*** 
(-17.00) 

Index returns (lag) -1.617*** -1.520*** -0.441 -0.258 0.871* 

 
60 days volatility 

P/BV 

Constant 

(-2.67) 

-0.548*** 

(-30.23) 

0.733*** 

(-43.06) 

19.02*** 

(-18.68) 

(-2.60) 

-0.556*** 

(-33.78) 

0.836*** 

(-53.68) 

20.47*** 

(-34.05) 

(-1.21) 

-0.495*** 

(-46.02) 

0.680*** 

(-59.54) 

8.541*** 

(-29.46) 

(-0.54) 

-0.518*** 

(-35.30) 

0.690*** 

(-46.96) 

7.409*** 

(-16.52) 

(-1.7) 

-0.625*** 

(-34.64) 

0.760*** 

(-47.93) 

8.548*** 

(-19.66) 

Obs 13632 13507 14627 14475 13723 

Notes: The results of the CQR model for frequent vs non-frequent repurchasers. The 

results include 5 models for each liquidity variable reported in the essay. The sign in 

brackets next to each variable denotes the expected coefficient. Robust standard errors 

are reported in brackets. The definitions of variables are provided in the appendix. 

*** The estimated coefficient is significant at the 1% level. 

** The estimated coefficient is significant at the 5% level. 

* The estimated coefficient is significant at the 10% level. 

 

the 90th quantile. As expected, market liquidity seems to be a critical vari- 

able for frequent repurchasers. While all coefficients are highly significant, 

they show contradictory signs. In fact, while quoted and proportional quoted 

spreads have a negative coefficient, the other three measures present pos- 

itive ones. We attempt to solve this puzzling result, by looking how an ef- 

fective spread is calculated. As reported in table 4.1, an effective spread  

is given by 2|Pt − Pm|, where Pt is the adjusted closing price. The more pt 

moves away from pm, the more a stock is illiquid. However, being an abso- 

lute value, it is not possible to assess whether pt is closer to the bid or the 

ask price. On the other hand, since a previous month’s stock returns show 

a negative and significant coefficient, it is reasonable to assume that, on 

average, pt in the previous month, is closer to the bid price. This is because 

market makers hedge the risk of potential losses by widening spreads and 

closing prices are therefore closer to the lower boundary of the spread. As 

a result, even though the stock is more illiquid, it is relatively cheaper for the 

company to buy back the shares in the following month and increasing the 

number of transaction helps keeping pt closer to pa. 
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It can be further noted that contemporaneous index returns show a neg- 

ative and significant coefficient, meaning that the companies increase their 

number of transactions when the market experiences losses, in order to 

reduce the price impact of the repurchase activity (Brockman, Howe, and 

Mortal, 2008). Lastly, we find further evidence in favour of the overvalua- 

tion hypothesis (Liu and Swanson, 2016), since the parameter of P/BV is 

positive and significant for all the models. 
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3.6.4 Robustness tests: annual data and long-term mo- 

tives 

The empirical evidence proposed in the previous sections aims to show the 

importance of market liquidity, systematic risk and price performances in 

the execution of open-market repurchases. However, long-term motives for 

repurchasing shares have been excluded from the analysis discussed so far. 

The purpose of the present section is twofold. Firstly, it provides robustness 

tests using annual data to our prior monthly estimation. More precisely, we 

replicate the CQR methodology using REP as a dependent variable on an 

annual base. Secondly, we include a set of accounting variables that capture 

the underlying long-term motives for a repurchase. In this way, we reduce 

the probability of omitted variables that would explain the execution of open- 

market share repurchases, thus reinforcing our sets of results. To achieve 

this, we include as an additional regressor in our equation the vector Zt−1, 

which contains the following variables: earning per share (EPS), current 

assets to total assets (CA/TA), dividend per share (DPS), Tobin’s Q, long- 

term debt to total assets (LTD/TA), return on assets (ROA), size, and free 

cash flow to total assets (FCF/TA). We estimate a CQR model (table 3.12) 

on 2295 firm-years observations between 2003 and 2017. We calibrate  

the model conditional on the 85th quantile, because despite the data are 

heavily censored, the percentage of non-zero observations is greater than 

the monthly estimation in the previous section and around 25%16. 

REPi,y =αi,y + γθ Lm,y−1 + γθ βi,m,y−1 + γθri,y−1 + γθrm,y−1+ 
1 2 3 4 

(3.8) 
+ γθrm,y + γθ VOL60i,y−1 + γθ P/BVi,y−1 + ζθ Zy−1 + Gi,y 

 

Table 3.12 shows the empirical results of the annual estimation. Coeffi- 

cients indicate that, even after including accounting variables that proxy for 

the well known repurchase motives, market liquidity, stock returns, market 

returns and systematic risk are significant explanatory variables for the re- 

purchase percentage. For instance, market liquidity is highly significant for 
 

16We also calibrate the 80th quantile, finding consistent results. 
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all the measures. Similarly, both the risk beta and long-term volatility con- 

firm our monthly results. With respect to stock price performances, it can 

be noted that the sign of the coefficient is negative and highly significant 

for all the models, in line with past research (Cook, Krigman, and Leach, 

2004). A slightly different scenario emerges for lagged and contemporane- 

ous market returns. In fact, while contemporaneous market returns present 

a negative and significant coefficient, confirming both our monthly estima- 

tion and previous studies (Jagannathan, Stephens, and Weisbach, 2000; 

Dittmar and Field, 2015), the parameter of lagged market return is negative. 

These findings may suggest the counterintuitive evidence that companies 

increase their repurchase activity after a year with positive market returns. 

However, we argue that the strategic implementation of a repurchase pro- 

gramme is hard to assess using annual data. Instead, we believe that our 

monthly estimation better captures the drivers of the actual execution. In 

fact, using a monthly frequency it is easier to capture the evidence that 

companies increase their repurchase activity after a market downturn. 

We now turn our attention to the parameter estimates of our accounting 

data. We observe three negative and significant coefficients for EPS. This 

indicates that repurchases are used to achieve the EPS target. We also 

provide consistent evidence with the optimum leverage hypothesis. In par- 

ticular, the positive and significant coefficient of LTD/TA for all models sug- 

gests that companies strategically plan their repurchase ratio to meet their 

optimal target debt-equity (Shoven and Simon, 1987; Mitchell and Dhar- 

mawan, 2007). We also observe that bigger and more profitable companies 

in a given year tend to repurchase a greater fraction of their shares, as the 

parameters of Size and ROA indicate. Even though we observe significant 

coefficients for CA/TA and FCF/TA their sign is somewhat unexpected. Both 

variables capture different facets of the cash flow hypothesis, found to be im- 

portant for the UK market (Sonika, Carline, and Shackleton, 2014). CA/TA, 

a proxy for the amount of cash and marketable securities that the company 

has available, is positively related to REP, as expected. In contrast, FCF/TA 

has negative and significant coefficients for most models. Although it is hard 
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TABLE 3.12: CQR model: annual evidence 
 

 Quoted Spread Pr. Quoted Spread Effective Spread Pr. Effective Spread Illiquidity 

Independent variable: REP 85 85 85 85 85 

Market liquidity (lag) 0.0283*** 18.45*** -0.0275*** -16.71*** -47.50*** 
 (-3.15) (-15.27) (-10.60) (-10.08) (-3.95) 

Beta (lag) 0.0183*** 0.0522*** 0.0222*** 0.0137** 0.0156 
 (-2.73) (-8.52) (-3.28) (-2.16) (-1.35) 

Stock returns (lag) -0.114*** -0.271*** -0.200*** -0.225*** -0.187*** 
 (-4.20) (-12.62) (-8.22) (-9.02) (-4.19) 

Index returns -0.467*** -0.713*** -0.492*** -0.486*** -0.468*** 
 (-9.58) (-16.74) (-10.71) (-10.49) (-5.62) 

Index returns (lag) 0.751*** 0.471*** 0.534*** 0.453*** 0.617*** 
 (-10.81) (-8.45) (-9.11) (-6.7) (-4.45) 

60 days volatility -0.00436*** -0.00606*** -0.00521*** -0.00520*** -0.00431*** 
 (-12.82) (-19.43) (-14.60) (-15.08) (-7.12) 

P/BV 0.00347*** 0.00227*** 0.00167** 0.00211*** 0.00461*** 
 (-4.95) (-3.75) (-2.38) (-3.22) (-3.86) 

EPS 0.0000506 -0.000207** -0.000383*** -0.000350*** 0.0000389 
 (-0.67) (-2.08) (-6.36) (-3.36) (-0.3) 

CA/TA 0.00176*** 0.00121*** 0.00125*** 0.00150*** 0.00172*** 
 (-10.13) (-7.62) (-6.95) (-8.41) (-5.51) 

DPS -0.0000867 0.00192*** 0.00207*** 0.00146*** 0.0000974 
 (-0.30) (-7.03) (-7.5) (-4.9) (-0.19) 

Tobin Q 0.00127 0.00686 0.0206*** 0.0127*** -0.00143 
 (-0.26) (-1.54) (-4.55) (-3.01) (-0.17) 

LTD/TA 0.000909*** 0.000530** 0.000338 0.000595** 0.000979** 
 (-3.5) (-2.46) (-1.35) (-2.52) (-2.31) 

ROA 0.0121*** 0.00976*** 0.00798*** 0.00797*** 0.00984*** 
 (-14.07) (-12.7) (-11.65) (-12.46) (-7.06) 

Size 0.0329*** 0.0235*** 0.0275*** 0.0291*** 0.0303*** 
 (-18.22) (-13.97) (-14.37) (-15.3) (-9.15) 

FCF/TA -0.300*** -0.483*** -0.393*** -0.176** -0.0208 
 (-3.22) (-5.84) (-4.42) (-2.18) (-0.13) 

Constant -0.460*** -0.363*** -0.133*** -0.0916*** -0.210*** 
 (-12.68) (-13.46) (-4.59) (-3.05) (-3.92) 

Obs. 1322 1313 1345 1323 1323 

Notes: The results of the CQR model using annual data. The model is calibrated at the 85th quantile. The results include 5 models for each liquidity 

variable reported in the essay. The sign in brackets next to each variable denotes the expected coefficient. Robust standard errors are reported in 
brackets. The definitions of variables are provided in the appendix. 
*** The estimated coefficient is significant at the 1% level. 
** The estimated coefficient is significant at the 5% level. 
* The estimated coefficient is significant at the 10% level. 

 
 

to interpret this divergence, a possible solution not implemented here would 

be to split the total cash flow in the ordinary and extraordinary components 

to see if more reliable estimates emerge. In summary, we show that market 

liquidity is a significant explanatory variable for repurchase execution even 

after controlling for the well known underlying motives for a repurchase. This 

evidence bring new insights as to the drivers that companies consider when 

transacting in own shares. 

 

3.7 Conclusions 

 
There is a sizeable literature investigating the increasing popularity of buy- 

backs as a form of payout, trying to answer the question: Why do com- 

panies announce a share repurchase? The present chapter switches the 
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focus to the repurchase programme itself, trying to answer a different ques- 

tion: Why do companies commonly prefer to buy back their shares in the 

open-market? We argue that this mean of trading in own shares is not nec- 

essarily related to the stated motive of the repurchase, so that this choice 

has to be researched on the timing ability of companies. Moreover, even 

though repurchase announcements are mostly driven by stock-specific mo- 

tives, such as undervaluation, excess cash or optimal debt-equity ratio, the 

buyback activity is mostly pulled by macroeconomic factors. In fact, the abil- 

ity of companies to time the market is a necessary condition to successfully 

put in place a repurchase programme, particularly when they choose the 

high degree of flexibility implicitly contained in the open-market repurchase. 

We employ a unique dataset of daily recorded open-market transactions 

and 198 repurchase announcements for UK companies between 2003 and 

2017. We provide a fourfold contribution. Firstly, by employing five different 

measures of liquidity, we find that market liquidity significantly explains the 

strategic decision of firms to repurchase in a given month a fraction of their 

outstanding shares. While other studies find a similar result for the decision 

of paying out dividends (Banerjee, Gatchev, and Spindt, 2007) or announc- 

ing a repurchase (Brockman, Howe, and Mortal, 2008) we are the first to test 

this hypothesis in the execution of the programme. Secondly, we find that 

the short-term motivations to repurchase are strictly linked to the macroe- 

conomic environment and in particular we show that companies repurchase 

after a stock and a market return decrease, in line with previous studies 

(Jagannathan, Stephens, and Weisbach, 2000; Dittmar and Field, 2015). 

However, by introducing systematic risk as an addition regressor, we are 

the first to uncover evidence that companies with greater beta tend to repur- 

chase more. This finding is coherent with the undervaluation hypothesis and 

the results that companies repurchase more after experiencing poor perfor- 

mances. Moreover, we provide a substantial methodological improvement 

by employing a censored quantile regression that have limited application 

in this field (see, for example Billett and Xue, 2007). In particular, we test 
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whether the rejections of model specification (normality and heteroskedas- 

ticity) in the Tobit lead to unreliable estimates regarding the role of market 

liquidity. In fact, we show that coefficients change in magnitude when CQR 

estimation is employed. Lastly, the employed dataset constitutes a further 

contribution. In fact, thanks to the disclosure requirements prescribed by the 

UK regulation, we are able to gather a detailed dataset of daily repurchase 

transactions, which constitutes a rare example in the repurchase literature 

and allows to capture the impact of short-term variations in market liquidity 

and returns. 

Although this essay provides several new insights to the literature of this 

payout method, we find counterintuitive results regarding the impact of a 

stock’s volatility in the repurchase programme. Despite that past research 

argues that buybacks are used by companies to control for short-term volatil- 

ity (De Cesari, Espenlaub, and Khurshed, 2011), we find that companies 

repurchase when stock returns are less volatile. Even though we provide an 

interpretation that partly explains these surprising evidence, future studies 

can further develop this issue, in order to uncover new evidence on the role 

of volatility in the repurchase process, which includes announcement and 

programme. 
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3.8 Appendix 1 

 
a. Announcements are not distinguished in Bloomberg from ordinary repur- 

chase transactions. There are some ways to find them across the whole 

data set made of 41,938 observations. Each “potential” repurchase an- 

nouncement has been manually checked on the related company’s report 

to see if it actually refers to the announcement. Bloomberg reports for 

some repurchase transactions a total of share repurchased equal to zero. 

Other transactions are in the order of billions of pounds. All the repurchase 

transactions falling in these two categories constitute buyback announce- 

ments. After this first screening process, I started filtering transactions with 

an amount lower than one billion of pounds. Generally, these refer to repur- 

chase announcements, except the cases where companies usually repur- 

chase millions of shares in each transactions due to, for example, very low 

share prices. For these reasons, all repurchase activity of each company 

has been manually checked to spot “abnormal” quantities. For example, if 

a company is used to repurchase between 10 and 20 millions of shares in 

each transaction, then a value of, let us say,  200,000 millions is likely to  

be an announcement. With this procedure, I was able to identify 186 an- 

nouncements over the period October 2001 and June 2017. This number 

is coherent with Sonika, Carline, and Shackleton (2014), who identified 196 

repurchase authorities of the Annual Meeting of Shareholder (general or 

extraordinary) over the period spanning from 1990 and 2010. 

b. Although Bloomberg Professional reports the repurchase price dis- 

closed by companies for each buyback transaction, this is not available for 

download. As a result, I employ adjusted closing prices as a proxy for the 

repurchase price. Moreover, I compare closing prices with average prices 

obtained as the mid price between daily high and low, in order to take into 

account also daily stock volatility. I perform a t-test to see if the average 

adjust closing price is statistically different from the average price for all the 

stocks in the sample, finding that the null can not be rejected. As a result, I 

employ an adjusted closing price as a proxy for repurchase prices. 
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Chapter 4 

 
An empirical estimation of 

welfare gains from trade in the 

Eurozone 

ABSTRACT 

New trade models have been developed in the last decade to explain the 

welfare gains from trade. The empirical literature is however limited in mea- 

suring these gains, mostly due to industry-level focus or the lack of detailed 

data to provide a macroeconomic evidence. This paper provides an empir- 

ical assessment of the magnitude of welfare gains from trade in the Euro- 

zone between 1999 and 2015. We rely on gravity models in estimating the 

elasticity of the exports with respect to trade cost and we use the share of 

expenditure on domestic goods within an Armington model of international 

trade. We offer a methodological contribution in the estimation of trade cost 

elasticity within a gravity model by applying a Poisson pseudo-maximum 

likelihood (PPML) estimator that allows for all sets of fixed effects as well as 

for the simultaneous correlations of errors across time and countries. Using 

PPML, we find an estimate of trade cost elasticity of -3.23, smaller in mag- 

nitude as compared to the previous literature, but more robust than those 

estimated with OLS. More importantly, we apply our elasticity measure in an 

empirical model of welfare gains in the Eurozone, finding that the euro effect 

on gains from trade vary significantly both across countries and over time. 

Our empirical findings shed new lights on the specific aspect of gains from 
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trade within a currency union, by showing that asymmetric benefit in terms 

of increases in real consumption across economies in the euro area exist. 

 

4.1 Introduction 

 
An important research topic that has received considerable attention in re- 

cent years refers to the estimation of welfare gains from trade. Our paper 

aims to shed some light on gains from trade in the Eurozone since the in- 

troduction of the euro in 1999. There exists an extensive literature that in- 

vestigates whether joining a currency union (CU) results in a trade boost for 

member economies. Nevertheless, not much has been done with respect 

to the benefits of adhering to a CU in terms of gains from trade. As noted 

by Melitz and Redding (2014), the result that there are gains from trade is 

a central tenet within international economics and a growing body of liter- 

ature aims at quantifying these gains (see, e.g., Eaton and Kortum, 2002; 

Simonovska and Waugh, 2014; Costinot and Rodríguez-Clare, 2014). 

Welfare gains can be defined as the percentage change in real consump- 

tion as a result of trade between countries (Costinot and Rodríguez-Clare, 

2014). For example, welfare gains imply greater consumption as a country 

moves from autarky to trade liberalisation. This type of counterfactual anal- 

ysis can be found, for instance, in Arkolakis, Costinot, and Rodríguez-Clare 

(2012) and Costinot and Rodríguez-Clare (2014). By investigating welfare 

gains from trade within the Eurozone, our paper is situated across two dis- 

tinct yet interrelated areas of international economics. On the one hand, 

there are studies that aim at measuring welfare gains from trade. On the 

other hand, there is growing research that estimates the effect that joining 

a CU has on trade. We investigate a set of important research questions 

including: i) Has the introduction of the euro increased welfare gains from 

trade for member countries? ii) Are gains from trade similar among member 

economies? iii) Do countries in the periphery of Europe benefit more from 

the common currency as a result of trade induced changes in real consump- 

tion arising from increased trade? 
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The answers to our research questions aim to enhance understanding 

of welfare gains within single economies and assess policy implications that 

arise nineteen years after the introduction of the euro. Our paper provides 

an empirical measurement of welfare gains, following Arkolakis, Costinot, 

and Rodríguez-Clare (2012) who show that for a broad class of trade mod- 

els, which include the Armington, the Ricardian and the Melitz (2003) mod- 

els, welfare effects can be estimated using two sufficient aggregate statis- 

tics. These statistics are the share of expenditure on domestic goods and 

the elasticity of exports with respect to trade cost.  While the former can  

be readily obtained from official trade statistics, the latter requires a gravity 

model to be estimated. 

Gravity models have been found to fit the data extremely well within the 

international trade literature (e.g. Glick and Rose, 2002). There exists an ex- 

tensive empirical literature that employs gravity models to estimate the trade 

effects of joining a CU. For instance, Rose (2000) and Glick and Rose (2002) 

provide early evidence that joining a CU results in a trade boost estimated 

to be about 300%. Several critiques and further empirical tests followed this 

early work. Micco, Stein, and Ordoñez (2003) argue that the results of Rose 

(2000) are driven by the excessive presence of many of small and poor 

countries. Baldwin (2006) surveys several econometric critiques, including 

omitted variables bias, reverse causality and model mis-specification issues. 

More than half a century ago Tinbergen (1962) applied Newton’s  law  

of gravitation within the trade literature showing that bilateral exports are 

positively related to economic size, captured by the product of two coun- 

tries’ GDP, and negatively related to the distance between them. Anderson 

(1979) further refined this theory, showing that trade between two countries 

depends on their bilateral trade barriers as well as on the average trade bar- 

riers for the two countries with respect of other trading partners. Although 

gravity models describe trade dynamics between countries fairly accurately 

(Baldwin, 2006), they have been questioned previously for being atheoreti- 

cal. Anderson and Van Wincoop (2003) provide a robust theoretical founda- 

tion within this context by introducing the concept of multilateral resistance 
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introduced by Anderson (1979). Multilateral resistance refers to the trade 

cost barriers that each country faces with respect to all trading partners, in 

addition to trade costs barriers faced by country pairs only. This concept 

postulates that trade barriers should take into account relative prices faced 

by importers and exporters. 

Subsequent literature has attempted to address the issue of small and 

poor countries, as noted by Micco, Stein, and Ordoñez (2003) by  focus- 

ing more on the Eurozone. Moreover, to address the various econometric 

critiques, different estimation methods have been employed previously, in- 

cluding fixed effects and Poisson pseudo-maximum likelihood. Despite the 

growing interest within Eurozone in recent years, findings are mixed (e.g., 

see Micco, Stein, and Ordoñez, 2003; Baldwin, 2006; Bun and Klaassen, 

2007; Glick and Rose, 2016). Part of the literature finds small but statistically 

significant positive effects of the euro on trade (Micco, Stein, and Ordoñez, 

2003; Flam and Nordström, 2003; Bun and Klaassen, 2007), while others 

(Berger and Nitsch, 2008; Silva and Tenreyro, 2010; Figueiredo, Lima, and 

Schaur, 2016) find no evidence of a euro effect on trade. In contrast, Glick 

and Rose (2016) find a large positive effect, similarly to their earlier study 

(Glick and Rose, 2002). The euro area is particularly interesting, not only 

due to the contrasting evidence, but also for two other reasons. First, it is 

among the largest free trade areas in the world in terms of population and 

GDP. Second, it involves a pool of heterogeneous countries with significant 

differences in terms of fiscal policy, structures of production, stability, price 

levels and risk. 

A large variety of modeling techniques have been employed to estimate 

the parameters of gravity equations. The initial use of OLS estimators that 

led to the impressive results of Rose (2000) has been rapidly substituted 

by fixed effects that attempt to mitigate the econometric critiques observed 

by Baldwin (2006). The use of panel data techniques have included dif- 

ferent sets of fixed effects. Most notably, these include importer-time and 

exporter-time fixed effects to address multilateral resistance (Anderson and 
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Van Wincoop, 2003) as well as time-invariant pair fixed effects. In partic- 

ular, pair fixed effects account for the unobservable bilateral heterogeneity 

caused by endogenous trade policies (see Baier and Bergstrand, 2007). 

However, while fixed effects estimators provide more robust parameters, as 

compared to OLS, there are two important limitations. First, both OLS and 

panel data techniques may be unreliable when applied to the log-linearised 

form of the gravity equation in the presence of zero bilateral trade flows 

and heteroskedasticity (Santos Silva and Tenreyro, 2006). This is a serious 

issue, since both zero trade flows (zero inflation problem) and heteroskedas- 

ticity are extremely common in the empirical literature. Second, while it is 

important to consider all possible types of fixed effects, computational is- 

sues associated with three-way fixed effects have rendered the computation 

of model parameters infeasible previously, thus limiting the choice of possi- 

ble estimators (Glick and Rose, 2016; Larch et al., 2018). Recent studies 

(Cameron, Gelbach, and Miller, 2011; Larch et al., 2018; Larch, Wanner, 

and Yotov, 2018) show that the use of Poisson Pseudo-Maximum Likelihood 

(PPML) addresses the issues of zero trade flows and heteroskedasticity, al- 

lowing for three-way fixed effects to be implemented. More precisely, by 

preserving the exponential form of the gravity equation, PPML allows for in- 

clusion of zero trade flows, since taking the logarithm of the independent 

variables is not necessary. 

Thanks to recent computational advances and owing to methodological 

benefits, in the present work we employ PPML to estimate trade cost elas- 

ticity. We use the method implemented by Larch et al. (2018) using several 

specifications, including multi-way clustered robust standard errors. Several 

authors (see, e.g. Baltagi, Egger, and Pfaffermayr, 2003; Baltagi, Egger, 

and Pfaffermayr, 2014) note that gravity equations are characterised by a 

triple indexed structure (importer, exporter and time) that requires a high 

dimensional fixed effects estimator that accounts for the different dynamics 

between these three dimensions. Moreover, Egger and Tarlea (2015) argue 

that standard errors should allow for simultaneous correlation across the 

three dimensions of the panel. They introduce a multi-way standard error 
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following Cameron, Gelbach, and Miller (2011), while Larch et al. (2018) 

produce a replicable algorithm for computation, which we employ in our 

analysis. 

Our methodological contribution using PPML yields a highly significant 

estimate of trade cost elasticity of -3.294. However, using cluster-robust 

standard errors, we find that trade cost elasticity becomes insignificant. This 

is because multi-way clustering generally leads to more conservative infer- 

ences, as compared to robust error correction (Larch et al., 2018). Never- 

theless, our measure of -3.294 is consistent with those reported in the lit- 

erature using other estimation techniques. For example, Head and Mayer’s 

(2014) survey reports only a few studies empirically estimate trade cost elas- 

ticity using a gravity model and that the median value for gravity estimates 

is -3.78. Moreover, Eaton and Kortum (2002) obtain a measure of trade 

elasticity of -3.6, regressing bilateral trade on a set of variables for exporter 

competitiveness and subsequently instrumenting for wages. Lastly, Costinot 

and Rodríguez-Clare (2014) test Arkolakis, Costinot, and Rodríguez-Clare’s 

(2012) model using a value of -5 taken from the literature but not directly 

estimated using a gravity equation. 

We employ elasticity estimate to quantify the annual gains from trade for 

each Eurozone country from 1999. Our results reveal a significant degree of 

heterogeneity across euro area economies in terms of gains from trade. Put 

differently, we do not find strong evidence that adhering to a CU results in an 

increase in welfare, as shown by an increase in real consumption. We find 

that small economies that adopted the euro in more recent years (Estonia, 

Lithuania, Slovenia) report higher gains from trade, as compared to larger 

economies that joined the euro since its introduction (Germany, France, Italy 

and Spain). We also observe that increases in gains from trade over time 

vary significantly across countries. For example, Germany shows gains of 

11.87% in 2015 against 7.21% in 1999, while the variation is more limited for 

Italy, Spain and Greece. Our results confirm results from previous studies 

(e.g. Larch et al., 2018) that do not find a euro effect on trade using PPML, 

while previous studies do provide evidence of trade boost for other CUs (e.g. 
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Glick and Rose, 2016). 

Our paper makes a contribution to the international trade literature, by 

providing significant and newer results different from previous studies. Our 

main contribution relates to the empirical estimation of welfare gains from 

trade, employing trade cost elasticities directly estimated using PPML. To 

our knowledge, we are the first to empirically test Arkolakis, Costinot, and 

Rodríguez-Clare’s (2012) model using measures of elasticity estimated by 

PPML. While Costinot and Rodríguez-Clare (2014) report an estimation of 

trade gains using Arkolakis, Costinot, and Rodríguez-Clare (2012), they do 

not directly estimate trade cost elasticities. Moreover, they calculate gains 

from trade for a pool of 40 industrialised countries and only for one year 

(2008), while we include all Eurozone countries over a 19 year time span. 

We also make a methodological contribution for the estimation of trade cost 

elasticity by using PPML. Although a few studies do estimate trade cost elas- 

ticities in a gravity model (Head and Mayer, 2014), we are the first to do so 

using PPML. Previous research employs PPML to assess the impact of CU 

on trade. Glick and Rose (2016) use PPML in their study on CUs and trade, 

but they exclude a full set of fixed effects. Larch et al. (2018) include all 

fixed effects, as well as multiway clustering (Egger and Tarlea, 2015), while 

Larch, Wanner, and Yotov (2018) investigate inter- and intra-national trade. 

In contrast, although we include the CU dummy in our empirical model, we 

are more interested in the estimation of trade cost elasticity. Our study also 

differs from Chen and Novy (2019), who find that trade cost elasticities differ 

according to the degree of trade between country pairs. In other words, they 

find a heterogeneous effect of trade cost elasticities that depends on the rel- 

ative import share between country pairs. Chen and Novy (2019) employ 

PPML as a robustness test to account for zero bilateral trade flow (Santos 

Silva and Tenreyro, 2006), while they do not consider implications in terms 

of welfare gains from trade. 

The rest of the paper is organised as follows. Section 4.2 reviews the 

literature. Sections 4.3 and 4.4 present the methodology and the data, re- 

spectively. Section 4.5 shows the results and section 4.6 concludes. 
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4.2 Literature review 

 
A substantive part of the international trade literature investigates whether 

adhering to a CU has a positive effect on trade. The pioneering work of 

Mundell (1961) advocates CUs to stabilise adjustments among countries if 

accompanied by coherent political change. McKinnon (1963) approaches 

optimal currency areas in terms of tradable and non-tradable goods. He fur- 

ther defines the concept of optimality as a currency area within which three 

objectives are pursued: low unemployment, stable balance of payments 

and price stability. Amongst the various supporters of CUs, Frankel and  

Rose (1998) claim that a common currency and the absence of trade barri- 

ers increase trade between participating countries, thanks to a reduction in 

transaction costs and exchange rate volatility. Similarly, Rose (2000) finds 

support for an increase in bilateral trade due to reduced currency volatility. 

Opponents of CUs argue that the use of derivatives can appropriately hedge 

against exchange rate risk (Baldwin, 2006). However, hedging the volatility 

of exchange rate fluctuations may be costly (Micco, Stein, and Ordoñez, 

2003) and sometimes inappropriate, especially when we observe large and 

long-lasting changes. This is because producers will be uncertain not only 

regarding the cash flows they receive, but also about the foreign demand 

(Kenen, 2003). 

International trade dynamics have been analysed empirically using grav- 

ity models. The work of Rose (2000) is the first attempt to assess the impact 

of CUs on trade. He makes a simple but very effective statement, claiming 

that the effect of a common currency on international trade is “large”. He 

estimates that adhering to a CU increases trade by approximately 300%, 

analysing bilateral trade for 186 countries across the world. His astonish- 

ing results immediately captured great attention and invited critiques from 

several academics (Micco, Stein, and Ordoñez, 2003; Bun and Klaassen, 

2007; Berger and Nitsch, 2008). Baldwin (2006) summarises these critiques 

including issues such as omitted variables, reverse causality and model mis- 

specification. Rose and Wincoop (2001) address the misspecification issue 
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that led to an upward bias in Rose’s results, by including dummy variables 

for importers and exporters (Baldwin, 2006). However, even the revised 

model (Rose and Wincoop, 2001) partially suffers from the inclusion of time- 

invariant fixed effects, because the omitted terms reflect factors that vary 

over time. In part this is because of very little time variation in the data for 

CU dummies (Baldwin, 2006). Glick and Rose (2002) adjust their original 

model by accounting for a time trend, but they exclude the introduction of 

the euro from their analysis. They primarily test the symmetric hypothesis 

of joining and leaving a CU. In other words, they investigate whether join- 

ing a CU results in a trade boost and, symmetrically, whether leaving a CU 

reduces it. Their results are fundamentally consistent with Rose (2000). In 

particular, they found that countries leaving a CU experience a significant 

reduction in bilateral trade. Ireland is an important case since it experienced 

a considerable reduction in trade after leaving the fixed peg with the UK 

pound. In contrast, Thom and Walsh (2002) find no evidence that the ex- 

change rate regime had any effect on the Anglo-Irish trade when Ireland 

abandoned parity with the British pound. 

Since the work of Rose (2000) much attention has switched to the spe- 

cific case of the Eurozone. This is because the extraordinary results of Rose 

(2000) have not only been challenged on an econometric grounds, but also 

because they have been considered driven by the presence of a significant 

number of small and/or poor countries in the sample (Micco, Stein, and Or- 

doñez, 2003; Baldwin, 2006). To address the issue of overrepresentation 

of small and poor countries, Persson (2001) applies an approach based  

on matching techniques. He associates countries sharing a common cur- 

rency with comparable countries not sharing a common currency. He finds a 

positive effect of a CU, but this is substantially lower than Rose (2000). Sim- 

ilarly, subsequent literature (see, e.g., Micco, Stein, and Ordoñez, 2003; 

Flam and Nordström, 2003; Bun and Klaassen, 2007) analyses the Euro- 

zone, finding a positive effect of CU on trade, consistent with Rose (2000), 

but substantially lower in magnitude. Micco, Stein, and Ordoñez (2003) 

found a positive effect of the euro on trade of about 7% among member 
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countries and of 12% when compared to trade among non-member coun- 

tries. Flam and Nordström (2003) find a significant trade effect of the euro, 

but much smaller than the one found in Rose (2000) and Glick and Rose 

(2002). Moreover, they do not find evidence of trade diversion to non-euro 

countries. However, their study did not take into account time-varying com- 

ponents of pairwise relationships between countries. Bun and Klaassen 

(2007) overcame the problems of omitted variables and endogeneity that 

characterise Rose (2000) and the subsequent literature (Flam and Nord- 

ström, 2003; Micco, Stein, and Ordoñez, 2003), by introducing a time trend 

across country pairs. Their estimation reveals a considerably reduced im- 

pact of the euro on trade compared to earlier findings, which they find to be 

around 3%. 

However, the literature does not find an unambiguous positive effect of 

the euro on trade (see, for example, Berger and Nitsch, 2008; Silva and 

Tenreyro, 2010). Berger and Nitsch (2008) found that the Rose effect dis- 

appears for countries within the European economic and monetary union, 

using a time trend of the euro and a longer time span as compared to Bun 

and Klaassen (2007). This evidence suggests that the European Economic 

Area (EEA) constitutes a valid starting point to boost trade among member 

countries, consistent with the idea that a unique currency is not necessary 

to boost trade (e.g. Micco, Stein, and Ordoñez, 2003). 

Figueiredo, Lima, and Schaur (2016) find no effect of the euro on trade 

using quantile regressions. Glick and Rose (2016) review their initial work 

(Glick and Rose, 2002) to account for the Eurozone. Employing newer esti- 

mation techniques and more recent data, they find a statistically significant 

impact of the euro on trade, unlike results from Berger and Nitsch (2008), 

Silva and Tenreyro (2010) and Campbell (2013). Moreover, their empirical 

estimates are also larger than those for other studies with the same pool  

of countries under analysis (Micco, Stein, and Ordoñez, 2003; Baldwin, 

2006; Bun and Klaassen, 2007). They employ a least squares with time- 

varying country dummy variables (LSDV) technique, following Head and 

Mayer (2014), which accounts for multilateral resistance (Anderson and Van 
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Wincoop, 2003) and other general equilibrium effects. It consists in regress- 

ing log exports on a full set of time-varying dummy variables for exporters 

and importers. While this technique constitutes a methodological improve- 

ment, the errors do not account for the triple indexed nature of the structural 

gravity equation, which is based on importer, exporter and time as well as 

the relationships between those1. As a further robustness check, Glick and 

Rose (2016) employed PPML estimators, which account for heteroskedas- 

ticity and zero trading flows (Santos Silva and Tenreyro, 2006) as well as 

multi-way clustering. However, they exclude pairwise fixed effects due to a 

lack of computational advances involving PPML estimation techniques, as 

they themselves admit (Glick and Rose, 2016). 

Recently, Larch et al. (2018) provide a new empirical method to per- 

form PPML with multiway clustering. The benefit of using PPML estimators 

instead of OLS-based inference on the log-linearised form of the gravity 

equation is particularly relevant in the presence of zero trade flows and het- 

eroskedasticity (Santos Silva and Tenreyro, 2006). This is because OLS 

estimation of the gravity equation in logs is generally inconsistent when 

heteroskedasticity is present (Santos Silva and Tenreyro, 2006; Larch et 

al., 2018). Furthermore, zero trade observations necessarily need to be 

dropped from the estimation of the log gravity equation and this can result 

in sample selection biases (Larch et al., 2018). Implementing their method 

Larch et al. (2018) do not find a euro effect on trade, using a similar sample 

to that of Glick and Rose (2016). They also include all sets of fixed effects 

and standard errors are clustered for all dimensions of the panel. There- 

fore, their methodological contribution is more robust to the econometric 

implications of log gravity equations. Larch, Wanner, and Yotov (2018) pro- 

vide evidence of the unilateral and bilateral effects of joining the EMU using 

PPML. Chen and Novy (2019) show that the CU effect is larger for countries 

with small import shares, using PPML as robustness test. 
 

1For a survey, see Baltagi, Egger, and Pfaffermayr (2003), Baltagi, Egger, and Pfaffer- 

mayr (2014), Egger and Tarlea (2015) 
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4.2.1 Welfare gains from trade 

 
Within the trade economics literature, there is increasing interest in investi- 

gating whether there are welfare gains from trade and how these gains can 

be measured.  As noted by Melitz and Redding (2014), trade functions as 

a technological improvement that enlarges the set of possible allocations 

achieving Pareto superior outcomes, with perfect competition and no mar- 

ket failures.  There exists a broad empirical literature on the measurement 

of welfare gains from trade (see, e.g. Feenstra, 1994; Broda and Weinstein, 

2006; Feenstra and Kee, 2008; Goldberg et al., 2009), which mainly aims 

at quantifying the contribution of new goods to changes in real income.  An 

important determinant in the measurement of gains from trade relates to the 

estimation of trade cost elasticities.  Feenstra (1994) developed a model in 

which trade elasticity is estimated from an Armington model using Gener- 

alised Method of Moments (GMM) (see also Broda and Weinstein, 2006). 

Eaton and Kortum (2002) derive a Ricardian model of trade, where welfare 

gains are related to geographical features of bilateral trade.  In particular, 

they compute real wages as a function of the import ratio (λ) and trade cost 

elasticity (G) to quantify the gains arising from trade. 

More recently, Arkolakis, Costinot, and Rodríguez-Clare (2012) build on 

the theoretical model of Eaton and Kortum (2002), demonstrating that for 

a wide variety of quantitative trade models, the total size of the gains from 

trade can be computed using two aggregate statistics (see also Arkolakis 

et al., 2008): the share of expenditure on domestic goods and the elasticity 

of imports with respect to trade cost. Moreover, Arkolakis, Costinot, and 

Rodríguez-Clare (2012) model is not exclusively tied to an Armington trade 

model. They provide theory consistent with the assumptions of macroeco- 

nomic equilibrium related to Ricardian perfect competition and monopolistic 

competition with firm-level heterogeneity, as in the Melitz (2003) model, thus 

providing a solid theoretical basis. 

Melitz and Redding (2014) present an extension to the standard quanti- 

tative approach in determining welfare gains from trade. Using an Armington 
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model with constant elasticity of substitution (CES) functions, they propose 

domestic productivity as a further channel that affects welfare both in open 

and closed economies.  Their model associates welfare gains to the trade 

elasticity for each stage of production.  Further developments are reported 

in Melitz and Redding (2015) for the case of homogeneous firms. Although 

several theoretical models have been proposed, the empirical literature is 

more limited (Head and Mayer, 2014).  Arkolakis, Costinot, and Rodríguez- 

Clare (2012), despite providing a solid theoretical basis for the use of gravity 

models within the welfare economics literature, did not empirically test their 

model.  Costinot and Rodríguez-Clare (2014) extend the work of Arkolakis, 

Costinot, and Rodríguez-Clare (2012) under different specifications and es- 

timate welfare gains from trade for a pool of 40 countries, employing an av- 

erage value of G obtained from the literature. However, the estimate of trade 

cost elasticity depends on the underlying assumptions within the model and 

the literature has shown considerable variation in its measurement (Eaton 

and Kortum,  2002;  Anderson and Van Wincoop,  2004;  Head and Mayer, 

2014).  Eaton and Kortum (2002) provide a measure of elasticity of around 

-3.5, while Anderson and Van Wincoop (2004) conclude that elasticity varies 

between -5 and -10 within the previous literature. Head and Mayer (2014) 

argue that only a few studies estimate trade cost elasticities using a gravity 

model. We make a methodological contribution for the estimation of trade 

cost elasticity using PPML within a gravity model. We employ our gravity 

model at a country level using aggregate statistics, differently from previous 

studies (Head and Mayer, 2014). Head and Mayer (2014) note that welfare 

gains are usually examined at an industry level, which can make the em- 

pirical estimation infeasible. For instance, the model of Melitz and Redding 

(2014) requires disaggregated information on domestic trade shares and 

elasticities for all stages of production, in order to be empirically estimated. 

Using our estimation of trade cost elasticity we make a further contribu- 

tion to the literature by empirically estimating whether joining a CU results in 

an increase in real consumption and whether the increase is homogeneous 
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FIGURE 4.1: Utility and welfare gains from trade 
 

 
across countries. The application of Arkolakis, Costinot, and Rodríguez- 

Clare (2012) can provide interesting evidence in terms of the specific case 

of a CU. Costinot and Rodríguez-Clare (2014) show that small economies 

are the main beneficiaries from trade in terms of percentage changes in real 

consumption. However, they provide estimates of trade gains for one spe- 

cific year, thus failing to shed light on the evolution of gains from trade over 

time. We make our empirical contribution in the estimation of welfare gains 

from trade using a number of relevant models and we assess gains from 

trade both across Eurozone countries and over time. 

 

4.3 Methodology 

 
General trade theory defines welfare gains as increases in real consumption 

as a result of trade between countries. When foreign prices are relatively 

lower than domestic prices and a given country is not in autarky, but open 

to foreign trade, individuals want to consume goods from different countries 

(see e.g. Krugman, 1980; Melitz, 2003). 

Figure 4.1 shows the effect of trade on an individual consumer. The y- 

axis shows non-tradable goods, while the x-axis shows tradable goods. In 
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a closed economy the optimal consumption bundle is obtained as the tan- 

gency point between the initial budget line and the lower indifference curve 

(IC1). As the economy moves away from autarky and opens to interna- 

tional trade, assuming that foreign prices are relatively lower than domestic 

prices, the budget line pivots to the right, since individuals are able to con- 

sume more units of (tradable) goods. Therefore, the new optimum bundle is 

defined by the tangency point between the new budget line and the higher 

indifference curve, identified by IC2 which corresponds to an increase in real 

consumption as a result of trade. 

The Armington model (Anderson, 1979) provides a theoretical founda- 

tion to trade flows under certain assumptions, such as constant elasticity 

of substitution (Krugman, 1980) and individual preferences for consump- 

tion of goods from different countries. The Armington trade model consti- 

tutes the underlying theoretical foundation for the Arkolakis, Costinot, and 

Rodríguez-Clare’s (2012) model also. Sub-section 4.3.1 describes the Arko- 

lakis, Costinot, and Rodríguez-Clare’s (2012) model, by showing how to 

empirically measure welfare gains from trade at an aggregate level also em- 

ploying a gravity model. Welfare gains are calculated by measuring the 

increase in real consumption as a country moves away from autarky. This 

feature includes the increased consumption deriving from a greater open- 

ness of an economy as a result of trade deals or adherence to a trade 

agreement. Sub-section 4.3.1 further describes the main features of the 

Armington model (Anderson, 1979). 

Sub-section 4.3.2 shows the empirical implications in the determination 

of trade cost elasticity using a gravity model. Trade cost elasticity is one of 

the two necessary aggregate statistics to measure welfare gains from trade 

and its estimation requires a specific econometric structure to avoid biases 

in the determination of efficient parameter estimates. Sub-section describes 

the main econometric techniques widely employed in the existing literature, 

as well as more recent and more robust models based on Poisson pseudo- 

maximum likelihood (Baltagi, Egger, and Pfaffermayr, 2003; Larch et al., 

2018; Larch, Wanner, and Yotov, 2018). 
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4.3.1 Theoretical framework 

 
In empirically estimating welfare gains from trade, we rely on the theoretical 

model outlined by Arkolakis, Costinot, and Rodríguez-Clare (2012).  They 

show that the trade gains that countries obtain as they move from autarky 

can be empirically estimated at an aggregate level. Their model postulates 

that  a  shock  in  country  j  that  affects  labour  endowments  and  trade  cost 

around  the world,  but leaves  labour  endowment unchanged  in country  j, 

has effects on the change in real income that can be easily captured with 

the Armington model. Therefore, using share of expenditure and trade cost 

elasticity (G), changes in real income can be computed as follows: 

 

Ŵ  = λ̂ 1/G (4.1) 

 

Where Ŵ =  WJ represents the change in real income and λ̂ =  λJ corre- 

sponds to the change in share of domestic expenditure. Arkolakis, Costinot, 

and Rodríguez-Clare (2012) derive their welfare prediction under several 

trade model specifications, which include the Ricardian model (see also 

Eaton and Kortum, 2002) and the Melitz (2003) model. 

Under autarky, the share of domestic expenditure would be equal to one. 

The total gain from trade, as shown by the absolute value of the percentage 

change in real income moving away from autarky and thus increasing the 

openness of the economy, would be: 

 

Gi = 1 − λ−1/G (4.2) 

where Gi is the total gains from trade in country i. λ corresponds to one 

minus the import penetration ratio and can be directly obtained from official 

statistics. Estimates of the import penetration ratio are calculated by the 

OECD as the ratio between the value of imports (M) divided by domestic 

demand (GDP − X + M). 

Moreover,  much  of  the  debate  lies  around  the  estimation  of  G  (Head 

and Mayer, 2014).  The innovation introduced by Arkolakis, Costinot, and 
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Rodríguez-Clare (2012) is that G can be estimated with the use of a gravity 

model. In addition to this approach involving gravity estimates there are two 

other influential approaches. First we have the Armington model, developed 

by Feenstra (1994) and applied in Broda and Weinstein (2006). Second we 

have the model developed by Eaton and Kortum (2002) and refined by Si- 

monovska and Waugh (2014).  By using a simulation method Simonovska 

and Waugh (2014) show that the Eaton and Kortum’s (2002) model under- 

estimate the trade friction among countries,  finding a trade cost elasticity 

that ranges between 2.79 and 4.46. 

From a theoretical standpoint, we base our specifications on a simple 

Armington trade model as formulated by Anderson (1979). This model pos- 

tulates that each country j = 1, ..., n produces a different good in Qi quantity 

and a representative consumer would like to consume at least some of each 

country’s good. The model is also characterised by a unique inelastic factor 

of production, labour (Li) and iceberg trade costs. Iceberg trade costs de- 

fined with the letter τ imply that to sell one unit of a good in country j, the 

origin country i must ship τij “ 1 with τii = 1, since it is costless to trade 

within itself. On the demand side, there is a representative agent whose 

preferences are represented by a Constant Elasticity of Substitution (CES) 

utility function: 

Cj = 
. 

n 
(1−σ)/σ (σ−1)/σ 

Σσ/(σ−1) 
(4.3) 

ij ij 
i=1 

where Cij is the demand for good i in a country j, ψij is an exogenous prefer- 

ence parameter greater than zero and σ > 1 is the elasticity of substitution 

between goods from different countries. The associated consumer price 

index (Pj) in country j is: 
 

 
Pj = 

 

n 

∑(ψi,j pij) 
i=1 

Σ1/(1−σ)  
(4.4) 

 

Iceberg trade costs and the absence of arbitrage opportunities require Pij = 

τijPii, while the domestic price of good i, Pii, can be formulated in terms of 

country i’s total income, Yi, and quantity, so that: Pii = Yi/Qi. Therefore, the 
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∂lnτij 
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price of good i shipped to country j, after taking into account iceberg trade 

costs can be expressed as: 

 
Pij = Yiτij/Qi (4.5) 

 
Given CES utilities, the bilateral trade flow satisfies: 

. 
ψi,j pij 

Σ1−σ
 

 

Where Xij represents total exports from country i to country j. Therefore, 

substituting equations 4.4 and 4.5 in 4.6, we obtain: 

 

X 
(YIτi,j )

1−σ (ψij /Qi )
1−σ 

 
ij = n 

l=1 (Ylψl,j )
1−σ (ψlj /Ql )

1−σ 
Yj (4.7)

 

Where Yj ≡ ∑n Xij is country j’s total expenditure in a competitive equi- 

librium under market clearing condition and 1 − σ, which corresponds to one 

minus the elasticity of substitution across goods, is equal to G, which is the 

partial elasticity of imports with respect to variable trade costs2.  Denoting 

χi,j = 
. 

Qi 

Σσ−1 
and χ 

 
l,j = 

. 
Ql 

Σσ−1
, equation 4.7 can be rewritten as: 

 

X 
(YI τi,j )

−Gχij 
 

ij = n 
l=1 (Yl ψl,j )

−Gχij 
Yj (4.8) 

 

4.3.2 Empirical approach 

 
The calculation of welfare gains from trade as outlined by equation 4.2 re- 

quires the empirical estimation of the elasticity of exports with respect to 

variable trade costs. We first outline the econometric methods used to es- 

timate trade cost elasticity, which relies upon a gravity specification of trade 

relationship among all countries in the sample (e.g. Arkolakis, Costinot, and 

Rodríguez-Clare, 2012; Costinot and Rodríguez-Clare, 2014). In its sim- 

plest form, we describe the specification of the gravity model following the 
 

2It is equal to the trade elasticity and calculated as 1 − σ = G = 
∂ln(Xi j /X jj ) . 

Xij = Yj (4.6) 
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i,j,t 

i,j,t 

 

extant literature (e.g. Head and Mayer, 2014) as follows: 
 
 

Xi,j,t  = Ai,t Bj,tτ
G
 (4.9) 

 

This isomorphic specification of bilateral trade expressed in equation 4.9 

(see, e.g. Tinbergen, 1962; Anderson, 1979; Anderson and Van Wincoop, 

2003) relates bilateral nominal exports (Xi,j,t) to exporter-time and importer- 

time specific effects (Ai,t, Bj,t), as well as fixed and variable measures of 

bilateral trade costs (τG   ).  Trade barriers act as impediment to trade be- 

tween countries and are characterised by fixed and variable components. 

Fixed costs are related to economic and cultural factors, such as a common 

language or a common currency. Variable trade costs are, for instance, bi- 

lateral tariffs. Equation 4.9 in its multiplicative form can be difficult to model 

empirically. For this reason, since the work of Rose (2000), it is common 

practice to express equation 4.9 in a logarithmic form for estimation pur- 

poses and suppressing the constant term, such that: 

 

ln(Xijt) = ai,t + bj,t + Gτijt + υijt (4.10) 

 
The original formulation employed by Rose (2000) is characterised by a se- 

ries of econometric problems that biased parameter estimation and relate to 

model misspecification, omitted variables and reverse causality (see Bald- 

win, 2006). Baldwin and Taglioni (2007) define the problem of endogeneity 

and the correlation of omitted terms with trade cost terms as the “Gold Medal 

mistake”. The inclusion of exporter-time and importer-time fixed effects by 

Anderson and Van Wincoop (2003) mitigates the issue of omitted variables 

and accounts for multilateral resistance. A further issue arises from the 

endogeneity of trade policy, which can be accounted for by including time 

invariant country pair fixed effects (Baier and Bergstrand, 2007). 

In addition to the econometric issues arising from the modelling of the 

gravity equation there are two further problems related to the log-linearised 

form of the gravity equation. First the problem of zero trade flows that may 
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characterise small countries that do not trade with each other (e.g. Santos 

Silva and Tenreyro, 2006;  Silva and Tenreyro,  2010).  Second the issue  

of heteroskedasticity of trade data that results in biased and inconsistent 

estimates of the effects of trade costs and trade policy (Santos Silva and 

Tenreyro, 2006). For both these issues a possible solution is to preserve the 

multiplicative structural form of the gravity equation and estimate the model 

using Poisson psuedo-maximum likelihood estimators. 

Our model takes into consideration all the issues arising from the log- 

linearised form of the gravity equation, as well as the econometric prob- 

lems described by Baldwin (2006). We implement Arkolakis, Costinot, and 

Rodríguez-Clare’s (2012) model by employing different time periods for the 

determination of welfare gains form trade, augmenting the model of Costinot 

and Rodríguez-Clare (2014) who estimate welfare gains from trade for a sin- 

gle point in time. Even though this generates greater econometric complex- 

ity, it allows us to estimate the evolution of gains from trade over time. We 

also separate fixed measures of bilateral trade costs widely employed in the 

literature (e.g. physical distance) from the ad valorem bilateral tariff (which 

we later use in the estimation of the elasticity of exports). Equation 4.10 can 

thus be rewritten as follows: 

 

ln(Xijt) = {δt} + ai,t + bj,t + cij + δZijt + Gτijt + υijt (4.11) 

where ln(Xijt) are the average bilateral exports between country pairs, ob- 

tained as the average between log of exports from country i to j and from 

country j to i.  δt  is a time dummy that captures time fixed effects which  

we include in most of our specifications. ai,t and bj,t are importer-time and 

exporter-time fixed effects that control for multilateral resistance (Anderson 

and Van Wincoop, 2003), cij are time invariant pair fixed effects for each 

country dyad (Baier and Bergstrand, 2007) and Zijt is a vector of regressors 

that controls for bilateral fixed trade costs. τijt is the ad-valorem bilateral 

trade cost obtained as the log of one plus the bilateral tariff (see, e.g. Head 

and Mayer, 2014) and υijt is the error term, which is for now assumed to 
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be uncorrelated with the regressors,  to preserve the strict exogeneity as- 

sumption. The focal point of this model relates to the estimation of G, which 

corresponds  to  the  elasticity  of  exports  with  respect  to  trade  costs.   The 

vector of controls (Z) includes a standard collection of variables widely em- 

ployed in the gravity literature (see, e.g. Glick and Rose, 2002; Head and 

Mayer, 2014; Glick and Rose, 2016). Among them are included the product 

of national GDP and GDP per capita, the population-weighted distance, the 

product of national land masses and a set of dummy variables for cultural 

and economic factors. 

We use several estimation techniques to provide the most reliable results 

for the elasticity of imports with respect to trade costs. The use of appropri- 

ate estimators is a crucial factor to account, since the a failure of accounting 

for the complex structure of the gravity equation may lead to misleading 

inferences (see, e.g. Baltagi, Egger, and Pfaffermayr, 2014). Following ex- 

tant literature, we firstly employ OLS on the log-linearised formulation of the 

gravity equation and we further employ fixed and random effects estimation 

methods. The inclusion of fixed and random effects models has proven to 

be more effective in dealing with endogeneity issues arising from the use of 

OLS estimators (e.g. Glick and Rose, 2002; Baltagi, Egger, and Pfaffermayr, 

2003). The use of fixed effects that control for time-invariant country-pair 

characteristics, such as a common border, bilateral distance or a common 

language, as well as importer-time and exporter-time fixed effects hedge 

against the risks emerging from the omission of these variables. Previous 

evidence show that employing fixed effects models (see Micco, Stein, and 

Ordoñez, 2003; Bun and Klaassen, 2007; Glick and Rose, 2016) leads to a 

significant reduction in the magnitude of welfare gains initially estimated by 

Rose (2000). 

The complex structure of gravity equations requires that all interaction 

effects based on exporter, importer and time are controlled for (Baltagi, Eg- 

ger, and Pfaffermayr, 2003). In contrast to standard panels identified by two 

dimensions, one cross-sectional and one longitudinal (usually time), gravity 

equations are characterised by a triple indexed structure (importer, exporter 
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and time). Hence, even if the analysis is performed on country-pairs, it is 

necessary to account for time specific characteristics of importers and ex- 

porters to control for endogeneity (Baltagi, Egger, and Pfaffermayr, 2014). 

This is because the country-pair variables, captured by the vector of re- 

gressors Zijt, include structural or approximate measures for importing and 

exporting countries. Baltagi, Egger, and Pfaffermayr (2003) present a model 

augmented with exporter, importer and time fixed effects in addition to time- 

varying country-specific effects and time-invariant dyadic effects (see Bal- 

tagi, Egger, and Pfaffermayr, 2003, p. 393). They show that the omission  

of any of these effects may result to biased estimates and misleading infer- 

ences. 

Despite the importance of including all possible interaction terms, em- 

pirical estimation is subject to considerable limitations in the choice of es- 

timators (Larch et al., 2018). This is particularly since international trade 

data usually involves hundreds of countries and several years3. A possi- 

ble solution that allows the inclusion of all fixed effects terms is employed by 

Glick and Rose (2016) who adopt a technique proposed by Head and Mayer 

(2014). They employ least squares with time-varying country dummy vari- 

ables which capture country-time heterogeneity and addresses concerns 

arising multilateral resistance (Anderson and Van Wincoop, 2003). Although 

appealing, this technique requires the computation of an enormous number 

of parameters which may not be feasible for very large panels and long time 

periods. 

We provide a first set of results by modelling the gravity equation in its 

logarithmic form. However, this approach does not address issues related to 

zero trade flows and heteroskedasticity (Santos Silva and Tenreyro, 2006). 

Heteroskedasticity often arises due to significant differences in country size 

(Baltagi, Egger, and Pfaffermayr, 2014). To address this issue, Santos Silva 

and Tenreyro (2006) suggest estimating the gravity equation in levels, rather 

than in logs. They propose an exponential form of gravity equation, which 
 

3As an example, the number of fixed effects involved for a sample of 200 countries over 

65 years as in Glick and Rose (2016) would be more than 50,000 



4.3. Methodology 135 
 

 

can be estimated using Poisson pseudo-maximum likelihood (PPML), usu- 

ally employed for count data. PPML also allows inclusion of zero trade flows, 

which cannot be included in log-linear specifications while their omission 

may lead to sample selection biases (Larch et al., 2018). 

We employ a PPML estimator, in addition to standard pooled ordinary 

least squares (POLS), random effects (RE) and fixed effects (FE). Thanks 

to recent computational advances, we are able to make a methodological 

contribution using PPML, which is robust to inclusion of zero trade flows 

and presence of heteroskedasticity, as well as considering all possible fixed 

effects. We employ the ppml_panel_sg command proposed by Larch et al. 

(2018), implemented in Stata. Using PPML, the gravity equation is specified 

in exponential form as follows: 

 

Xijt  = exp(ai,t + bj,t + ci,j + δZijt + Gτijt) + υijt (4.12) 

 
where ai,t, bj,t and ci,j represent the full set of fixed effects previously dis- 

cussed. We propose several specifications which include dyadic fixed ef- 

fects, linear pair-specific time trends and symmetry of dyadic fixed effects 

in both directions of the flow, as in Anderson and Yotov (2016). Standard 

errors are clustered by importer, exporter and time (i.e. multi-way cluster- 

ing). Our methodological contribution is not limited to the estimation of trade 

cost elasticities using an estimator that is robust to heteroskedasticity and 

zero trade flows. Our point estimates are also obtained with standard er- 

rors that allow for multi-way clustering. In fact, clustering simultaneously on 

exporter, importer and time allows for correlation in the error term with all 

possible cluster dimensions (i, j and t) (Egger and Tarlea, 2015). Egger 

and Tarlea (2015) show that ignoring the multi-indexed structure of panel 

gravity models results in misleading inferences (see also Baltagi, Egger, 

and Pfaffermayr, 2014). For instance, exogenous stochastic shocks to bi- 

lateral trade are interdependent among exporters, importers and time. Eg- 

ger and Tarlea (2015) show that multi-level clustering has large effects on 

on the standard errors of trade-cost variables (see also Wooldridge,  2010; 
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Cameron, Gelbach, and Miller, 2011). Larch et al. (2018) not only intro- 

duce the ppml_panel_sg command, but they also provide a re-assessment 

of Glick and Rose (2016) using PPML, showing that the impact of a CU is 

small and insignificant, particularly when controlling for multiway clustering. 

Similarly, Larch, Wanner, and Yotov (2018) employ PPML in the estimation 

of a structural gravity model that includes intra-national trade. However, our 

paper has two substantial differences with Larch et al. (2018) and Larch, 

Wanner, and Yotov (2018). First, we employ PPML for the estimation of 

trade cost elasticity, while Larch et al. (2018) and Larch, Wanner, and Yotov 

(2018) use PPML to measure the impact of the common currency on trade. 

Secondly, the empirical estimation of trade cost elasticity is functional on the 

implementation of Arkolakis, Costinot, and Rodríguez-Clare’s (2012) model 

differently from Head and Mayer (2014) and Costinot and Rodríguez-Clare 

(2014). 

 

4.4 Data 

 
We rely on different data sources widely employed in the literature to con- 

struct our data set. We collect annual data on bilateral trade flows expressed 

in US dollars from the International Monetary Fund (IMF) Direction of Trade 

statistics (DOTS) for the period from 1999 to 2015. This data set includes 

bilateral trade data on free on board (FOB) exports and cost, insurance 

and freight (CIF) imports from over 200 countries from 1948. We also col- 

lect annual data on bilateral tariffs from the World Integrated Trade Solution 

(WITS) database from the World Bank for the period between 1999 and 

2015. Lastly, we get all remaining data employed for our gravity model es- 

timation from the Centre d’ Etudes Prospectives et d’Informations Interna- 

tionales (CEPII) website. The data set covers a wide variety of variables 

used in the literature (Head, Mayer, and Ries, 2010; Head and Mayer, 

2014), including country-specific and pair-specific dummies. The variables 

included in the model are summarised in Table 4.1. 
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contig 

pop 

area 

distw 

 
gdp 

gdpcap 

CU 

gatt 

 
eu 

dummy variable equal to 1 if two countries have a common border 

total population in millions 

area in squared Km 

population weighted bilateral distance between origin and destina- 

tion 

current gross domestic product in US dollars 

current gross domestic product per capita in US dollars 

dummy variable equal to 1 if two countries share a common currency 

dummy variable equal to 1 if a country is member of the General 

Agreement on Tariffs and Trade (GATT) 

dummy variable equal to 1 if a country is member of the European 

Union 

comlang_off dummy variable equal to 1 for common official or primary language 

colony dummy variable equal to 1 for pair ever in colonial relationship 

comrelig Religious proximity. It is an index calculated by adding the products 

of the shares of Catholics, Protestants and Muslims in the exporting 

and importing countries. It is bounded between 0 and 1, and is max- 

imum if the country pair has a religion which (1) comprises a vast 

majority of the population, and (2) is the same in both countries. 

fta_wto Dummy for Regional Trade Agreement. Source: World Trade Organ- 

isation (WTO). 

 

TABLE 4.1: Variable definitions 
 

 

The final sample is an unbalanced panel of 21,723 country-pairs over 

the period from 1999 to 2015. Table 4.2 reports the descriptive statistics  

for the full sample. It shows the variables used for the empirical estimation 

of elasticity of exports using a gravity model. Bilateral exports, GDP, GDP 

per capita, population, area and population-weighted distance are all mea- 

sured in logs. Variable trade costs amount for a 10% average tariff, with a 

maximum tariff of 12.11%.  Only 2% of the countries in the sample share   

a common currency, while this percentage increases for Free Trade Agree- 

ments (12%) and GATT membership (60%). 

 

4.5 Results 

 
We present two sets of results. First, we provide an estimate of G, the elastic- 

ity of exports with respect to trade cost, using pooled OLS (POLS), random 

effects (RE) and fixed effects (FE), in line with the existing literature. Given 

the econometric limitations of the log-linearised form of the gravity equation 

and the complex structure arising from the need to include all possible sets 



Chapter 4.  An empirical estimation of welfare gains from trade in the 

Eurozone 
138 

 

 

TABLE 4.2: Descriptive Statistics 
 

 Mean Median SD Min Max 
Log exports 14.18 14.16 4.010 0 26.54 

Log product GDP 48.49 48.42 3.122 35.19 60.55 

Log product GDP per capita 16.79 16.84 2.274 9.47 23.15 

Log product land masses 22.91 23.48 3.762 6.27 32.77 

Contiguity dummy 0.02 0 0.135 0 1 

Common currency dummy 0.02 0 0.128 0 1 

Common language dummy 0.16 0 0.369 0 1 

Colony dummy 0.01 0 0.118 0 1 

Common religion index 0.17 0.05 0.248 0 1 

GATT dummy 0.60 1 0.490 0 1 

Free Trade Agreement dummy 0.12 0 0.321 0 1 

Log population weighted distance 8.69 8.88 0.804 0.63 9.90 

Trade cost 0.10 0.09 0.099 0 12.11 
Notes: Descriptive statistics for all variables included in the study. The table reports mean, 

median, standard deviation, minimum and maximum values for all observations regarding 

13,805 country pairs and a time span that ranges between 1999 and 2015. 

 
of fixed effects, we exploit the benefit of our methodological contribution esti- 

mating G with PPML also. Using the estimated G we present panel evidence 

for welfare gains from trade within the Eurozone as reported in equation 

4.2. We firstly estimate the gravity equation in its log-linearised form, as 

expressed by equation 4.10. In doing so, we employ six different models, 

using POLS, RE and FE. For each estimation technique, we estimate grav- 

ity equation both including and excluding time dummies. The inclusion of 

time dummies mitigates potential issues arising from common features of 

the data set that change over time, thus reducing the risk of serial correla- 

tion of the error term, υijt (e.g. Wooldridge, 2010). POLS does not impose 

restrictions on the assumption of correlation between the regressors and the 

error term, i.e. contemporaneous and sequential exogeneity, as well as on 

the correlation between regressors and unobserved heterogeneity, leading 

to biased estimates. We implement RE and FE models that impose stricter 

assumptions on the correlation between regressors and disturbances. Both 

models are tested with and without time dummies. 

Table 4.3 shows the results for six different estimation techniques, using 

cluster robust standard errors. Model I and II in table 4.3 show results for 

POLS estimators with and without time dummies. Almost all coefficients are 



4.5. Results 139 
 

 
 
 
 
 
 
 
 
 
 
 
 

 

TABLE 4.3: Gravity estimates for trade cost elasticity 
 

Dep: Bilateral exports Model Ia,b
 Model I Ia,b

 Model I I Ia,b
 Model IVa

 Model Va
 Model VIa

 

 
Log product GDP 

 
1.171*** 

 
1.193*** 

 
0.998*** 

 
1.144*** 

 
0.724*** 

 
0.700*** 

 (0.010) (0.010) (0.012) (0.011) (0.049) (0.059) 

Log Product GDP per capita -0.190*** -0.142*** -0.380*** -0.214*** -0.184*** -0.183*** 

Log product land masses 

Contiguity dummy 

Common currency dummy 

Common language dummy 

Ever colony dummy 

(0.012) 

-0.150*** 

(0.008) 

1.404*** 

(0.119) 

1.282*** 

(0.167) 

0.844*** 

(0.048) 
0.935*** 
(0.113) 

(0.012) 

-0.152*** 

(0.008) 

1.390*** 

(0.123) 

1.424*** 

(0.162) 

0.884*** 

(0.048) 
0.773*** 
(0.116) 

(0.014) 

-0.117*** 

(0.010) 

1.512*** 

(0.130) 

0.437** 

(0.208) 

0.582*** 

(0.056) 
2.062*** 
(0.119) 

(0.013) 

-0.162*** 

(0.009) 

1.593*** 

(0.128) 

1.054*** 

(0.184) 

0.826*** 

(0.051) 
1.258*** 
(0.115) 

(0.057) (0.061) 

Common religion index -0.054 -0.092 0.151** 0.051   

 
GATT dummy 

(0.063) 
0.229*** 

(0.062) 
0.266*** 

(0.075) 
0.103*** 

(0.067) 
0.143*** 

 
0.090*** 

 
0.098*** 

 (0.038) (0.037) (0.028) (0.027) (0.033) (0.033) 

Free trade agreement dummy 0.768*** 0.837*** 0.178*** 0.355*** 0.106*** 0.097*** 

Log population-weighted distance 

Trade cost 

(0.051) 

-1.120*** 

(0.026) 
-1.766*** 

(0.051) 

-1.117*** 

(0.025) 
-2.302*** 

(0.031) 

-1.259*** 

(0.027) 
-0.510*** 

(0.030) 

-1.218*** 

(0.024) 
-0.847*** 

(0.033) 

 
 

-0.576*** 

(0.034) 

 
 

-0.585*** 
 (0.190) (0.191) (0.110) (0.111) (0.114) (0.115) 

Intercept -26.674*** -27.428*** -14.886*** -23.392*** -17.871*** -16.689*** 

 (0.341) (0.343) (0.356) (0.359) (1.477) (1.958) 

Time dummies No Yes No Yes No Yes 

Observations 145,684 145,684 145,684 145,684 145,684 145,684 

R-squared 0.661 0.681   0.144 0.145 

Number of country-pairs   13,805 13,805 13,805 13,805 

Notes: Panel data estimation of gravity model for bilateral trade across 13,805 country 

pairs between 1999 and 2015. Estimators include pooled OLS (Models I and II), random 

effects (Models III and IV) and fixed effects (Models V and VI). Standard errors are 

reported in parentheses. 

a. Inference made using cluster robust standard errors. 

b. Inference made using heteroskedasticity robust standard errors. 
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highly statistically significant, with the expected sign. For example, sharing 

a common border, having the same language or being in a former colonial 

relationship constitute factors that boost trade. In contrast, distance reduces 

trade between economies, as theoretically expected based on the original 

gravity equation (Anderson, 1979; Rose, 2000). Our main variable of in- 

terest, trade cost, is negative and highly significant when using the OLS 

estimator. It ranges between -1.766 and -2.302. In model II we also include 

time dummies. The magnitude of the coefficients is slightly smaller than the 

average values usually found in the literature. Nevertheless, they vary con- 

siderably over time (Anderson and Van Wincoop, 2004; Head and Mayer, 

2014). For instance, Head and Mayer (2014) survey the existing literature 

that estimates trade cost elasticities using bilateral tariffs and find that struc- 

tural gravity models usually report a median value of around -3.78. Earlier 

evidence (Anderson and Van Wincoop, 2004) indicates a range between -5 

and -10. However, most of the existing literature on gains from trade is es- 

timated at an industry level, which explains the significant variability of the 

results. Head and Mayer (2014) report a standard deviation of 8.93 for the 

full sample of estimated coefficients arising from the literature and a stan- 

dard deviation of 9.37 when structural gravity models are employed. The 

common currency dummy, which has received considerable attention in the 

last two decades, is also highly significant and corresponds to an increase 

in trade of e1.282  − 1  = 260% without time dummies and e1.424  − 1  = 315% 

with time intercepts. These estimated coefficients are very close to those re- 

ported by Rose (2000) and Glick and Rose (2002), who estimate a value of 

1.3. While these values are extremely high, they are consistent with those 

reported in previous studies, although they suffer from the same criticism 

that are usually associated with OLS estimation techniques. 

The main issue with pooled OLS is that it does not control for individ- 

ual heterogeneity, since individual unobserved effects are included in the 

error term causing almost certain correlation with the regressors and, con- 

sequently, endogeneity. Most of the existing literature addresses this is- 

sue by employing FE estimators (Glick and Rose, 2002; Glick and Rose, 
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2016). Before moving to FE estimators, we report our findings for RE in 

Models III and IV. RE imposes restrictions on the exogeneity assumption of 

the cross-correlation between disturbances and the matrix of individual and 

dyadic variables. As in the RE case, parameters have been estimated with 

cluster-robust standard errors4 using a GMM or GLS estimator. The main 

coefficient of interest,  trade cost,  is negative and highly significant,  but its 

magnitude reduces considerably as compared to POLS. The standard er- 

rors are much smaller, providing evidence of heterogeneity not accounted 

for in the POLS estimation. Other differences in the magnitude and signif- 

icance of the coefficients can also be noted in the RE estimation. The CU 

effect reduces considerably by around one third when time dummies are 

included.  The resulting coefficient is still very high, as it corresponds to a 

boost in trade of e1.054 − 1 = 86%.  While the size of the CU effect on trade 

has been challenged by several studies following Rose (2000), Glick and 

Rose (2016) reported a point estimate of 0.64, which is much closer to our 

estimate without time dummies (0.437). 

In the last two columns of Table 4.3, we show our results using the 

within estimator that does not impose strong assumptions of strict exogene- 

ity, while at the same time it also removes time-invariant country-specific 

effects. While the use of FE estimators is widely employed in the gravity 

literature, we check the endogeneity assumption with a Hausman test. The 

null hypothesis that the RE estimators are efficient under the assumption of 

strict exogeneity is strongly rejected at all significance levels, thus indicating 

the use of FE is justified. The results using FE show that all regressors are 

highly significant. Our main variable of interest, trade cost, is highly signif- 

icant but smaller in magnitude, as compared to POLS and RE estimators, 

exhibiting smaller standard errors. We attempt to confirm our results using 

first differenced (FD) data. However, the FD estimators report insignificant 

coefficients for almost all the regressors. While FE and FD should report 

close estimates, the significant difference is largely due to the presence 
 

4We also use heteroskedasticity robust SE, although the results are qualitatively and 

quantitatively very similar. 
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of several missing observations in our unbalanced panel due to zero trade 

flows, which is a frequent issue in international trade research. 

Santos Silva and Tenreyro (2006) show that the log linear form of the 

gravity equations has two serious limitations. On the one hand, heteroskedas- 

ticity can lead to misleading parameters when estimating gravity models us- 

ing OLS. The problem of heteroskedasticity remains extant even when fixed 

effects are employed to account for the multilateral resistance term (Ander- 

son and Van Wincoop, 2003). On the other hand, zero trade flows do not 

pose problems in the estimation of gravity equations in their multiplicative 

form, but they can bias inference in its log linearised form. As Santos Silva 

and Tenreyro (2006) notice, these issues can be overcome using PPML, 

which preserves the multiplicative structure of gravity equations and can 

therefore deal with both heteroskedasticity and zero-trade flows. 

Although PPML partly addresses most of the econometric issues, gravity 

equations are characterised by a complex structure involving triple indexing. 

Recent advances allow us to estimate equation 4.11 using PPML estima- 

tors, accounting for multi-way clustering. Table 4.4 reports the results for 

six different specifications. Model I shows the estimated parameters without 

multi-way clustering and excluding pairwise fixed effects. All coefficients are 

significant and the magnitude of trade cost elasticity is well in line with the 

extant literature and also greater than the FE estimation shown in Table 4.3. 

Model I is similar to Glick and Rose (2016), who adopt a PPML estimator 

excluding time invariant dyadic fixed effects for each country pair. Model II 

includes dyadic FE, but standard errors are not three-way clustered. While 

Trade Cost remains significant, its magnitude is reduced and GATT is only 

marginally significant. Model III considers multi-way clustering (Egger and 

Tarlea, 2015) without dyadic fixed effects. Standard errors are larger when 

accounting for multi-way clustering, and this results in an insignificant coef- 

ficient for Trade Cost. 

Given the importance of including all sets of fixed effects within the con- 

text of gravity models for exports (Baldwin and Taglioni, 2007; Larch et al., 
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2018), we include time-invariant pair (dyadic) fixed effects also. Model IV in- 

cludes both dyadic FE and multi-way clustering, but assumes that pairwise 

fixed effects apply symmetrically to flows in both directions, as in Anderson 

and Yotov (2016). Only Trade Cost and FTA are significant at the 5% level, 

but their sign and magnitude is difficult to interpret based on theory. Lastly, 

models V and VI add linear, pair-specific time trends without and with multi- 

way clustering.  The addition of time trend renders the elasticity of trade 

cost insignificant. Based on applicable theory and existing literature, we find 

that the value of G  equals to −3.294, which is highly significant as shown 

in the first model.  This value is well in line with those reported by Eaton 

and Kortum (2002) and Head and Mayer (2014) and it is obtained from an 

up-to-date data set which covers more than 200 countries, over a 20 year 

time period. We also find an extremely high R2 for all models, particularly 

for models II, IV, V and VI. Nevertheless, these values are consistent with 

the typical goodness of fit for gravity models (Larch et al., 2018). Larch et 

al. (2018) argue that the greater R2 obtained using PPML is not only due 

to an improved model fit, but also driven by the correlation of trade flows 

expressed in levels, rather than in logs, as is the case in OLS models. 

TABLE  4.4: PPML 
 

VARIABLES Model I Model II Model III Model IV Model V Model VI 

GATT dummy 0.446*** 0.081* 0.446* 0.081 -0.069 -0.069 
 (0.106) (0.047) (0.259) (0.065) (0.055) (0.091) 

Free trade agreement dummmy 1.573*** 0.035 1.573*** 0.035** 0.032* 0.032*** 
 (0.040) (0.022) (0.227) (0.014) (0.018) (0.012) 

Trade Cost -3.294*** 0.610*** -3.294 0.610** 0.203 0.203 

 (0.464) (0.192) (2.282) (0.270) (0.143) (0.181) 

Observations 147,318 147,318 147,318 147,318 138,678 138,678 

R-squared 0.870 0.998 0.870 0.998 0.999 0.999 

Notes: Panel data estimation of gravity model for bilateral trade across 13,805 country 

pairs between 1999 and 2015 using the PPML estimator. 

 
 
 

4.5.1 Welfare gains from trade 

 
Our main aim is to investigate trade gains that result from joining the Euro- 

zone and how these have evolved since the introduction of the common cur- 

rency. The Eurozone has received enormous academic and policy interest 
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in recent years, not only because the euro area is the largest currency union 

to date, but also because the effects of the euro on trade have been found 

to be modest by many (Glick and Rose, 2016; Larch et al., 2018; Chen and 

Novy, 2019). In contrast, the impact of the euro on welfare gains from trade 

has not been sufficiently investigated (Head and Mayer, 2014). The empiri- 

cal estimation of welfare gains can also be helpful in estimating the potential 

effect that countries may expect when joining the eurozone. Countries such 

as Croatia, Bulgaria, Czech Republic, Hungary, Poland Romania and Swe- 

den despite being members of the European Union, they currently adopt 

their own currency. Estimating the effect of joining the eurozone in terms of 

welfare gains may be useful for these countries. This is also because our 

sample includes both large economies as well as smaller nations with limited 

trade flows and thus they serve as mean of comparison for those countries 

wishing to abandon their currency to join the Eurozone. Therefore, despite 

the high degree of heterogeneity in the Eurozone all countries in the sample 

provide valuable pieces of information with respect to the different effects 

that joining a CU has on welfare gains form trade. We provide evidence of 

the magnitude of trade flows in Table 4.5 by showing summary statistics of 

average Trade balance in billions as well as in proportion of GDP for each 

country. 

Table 4.5 shows that average trade balance varies greatly across coun- 

tries. Germany shows an enormous average trade surplus of about 194 

billions, while the highest average deficit is shown by Spain (-65 billions). 

Moreover, several countries indicate trade deficit, with the exception of Bel- 

gium, Finland, Germany, Ireland, Italy and the Netherlands. Despite nominal 

average trade balance provides interesting insights regarding the trade dy- 

namics within the Eurozone, a more useful mean of comparison arises from 

the ratio between trade balance and GDP, reported in Panel B. By comparing 

the impact that trade balance has across countries in terms of GDP, it can 

be argued that textitceteris paribus small economies are significantly more 

affected by rising imports as compared to larger economies. For example, 

a trade deficit of 1.67 billions in Malta corresponds to about 25% of GDP, 
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while a larger deficit of 65 billion only corresponds to 5.6% in Spain. This 

implies that an increase in imports would generate significantly higher gains 

from trade for small economies. Therefore, joining a free trade area or a CU 

favours rising imports. These preliminary evidence offer interesting insights 

when compared with the existing literature which finds that small countries 

belonging to a CU show significantly greater boost in trade as compared to 

larger countries (Glick and Rose, 2016). 

TABLE 4.5: Average trade data Eurozone 
 

A: Trade balance B: Trade balance to GDP 
 Mean SD Mean SD 
Austria -4.464 3.984 -0.013 0.010 

Belgium 15.301 4.821 0.041 0.017 

Cyprus -5.023 1.860 -0.272 0.053 

Estonia -2.000 1.135 -0.118 0.070 

Finland 4.681 5.958 0.030 0.037 

France -55.563 44.064 -0.021 0.016 

Germany 193.727 73.651 0.062 0.015 

Greece -34.957 13.739 -0.146 0.027 

Ireland 40.866 8.852 0.213 0.048 

Italy 2.024 26.606 0.002 0.013 

Latvia -3.092 1.650 -0.152 0.070 

Lithuania -3.221 1.817 -0.102 0.054 

Luxembourg -5.000 2.144 -0.115 0.019 

Malta -1.670 0.914 -0.239 0.060 

Netherlands 48.748 22.234 0.065 0.018 

Portugal -20.364 7.436 -0.104 0.028 

Slovakia -0.433 2.466 -0.003 0.033 

Slovenia -0.617 1.250 -0.010 0.031 

Spain -64.898 37.205 -0.056 0.024 

Notes: The table shows summary statistics (mean and standard deviation) for trade 

balance (Panel A) and the ratio of trade balance to GDP (Panel B). Trade balance is 

obtained as the difference between exports and imports and displayed in Billions. 

 

In applying the Arkolakis, Costinot, and Rodríguez-Clare’s (2012) model 

as described by equation 4.1 and 4.2, we use the estimates of trade cost 

elasticity estimated in the previous section and the percentage changes in 

domestic expenditure obtained as one minus the import penetration ratio. 

Table 4.6 reports the estimated welfare gains for each country for each year 

and the average welfare gains over the sample period. We find that aver- 

age gains are generally higher for those countries that joined the euro area 
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at a later stage, namely Slovenia, Slovakia, Cyprus, Malta, Estonia, Latvia, 

and Lithuania. Among these nations, average trade gains range from 9.48% 

(Cyprus) to 26.46% (Slovenia). The highest average gains from trade can 

be found for Belgium. In addition, it can be seen that among those coun- 

tries that adopted the euro since its introduction, Belgium, Luxembourg and 

the Netherlands report significantly higher gains. This evidence can be ex- 

plained by the intense trading relationships that these countries have histor- 

ically had due to strong cultural similarities and geographical proximity. 

There are significant differences among countries that joined the euro 

area since its introduction. Southern economies, such as Italy, Spain, Por- 

tugal and Greece report relatively lower gains as compared to the northern 

economies. While we measure gains from trade using aggregate statis- 

tics, we also consider other factors that may influence trade gains. For in- 

stance, Melitz and Redding (2015) show that another channel for welfare 

gains arises from trade-induced changes in domestic productivity. A further 

interesting finding emerges from the evolving pattern over time. We observe 

significant differences among eurozone economies since the introduction of 

the euro. While Germany reports an increasing level of gains from trade, 

from 7.21% in 1999 to 11.87% in 2015, countries such as Greece, Italy and 

Spain indicate a more stable evolution. The most important implication that 

emerges from our findings is that the CU effect, despite having a positive 

impact on trade, does not imply a boost in welfare gains across the board 

particularly for southern economies. 



 

 
 
 
 
 
 
 

TABLE  4.6: Gains from trade 
 

Time Austria Belgium Cyprus Estonia Finland France Germany Greece Ireland Italy Latvia Lithuania Luxembourg Malta Netherlands Portugal Slovenia Spain Slovakia 
1999 11.09%    8.69% 6.92% 7.21% 5.66% 26.56% 5.79%   16.26%  18.30% 9.47%  6.66%  

2000 12.62% 36.99%   10.30% 8.17% 8.80% 7.24% 30.30% 6.86%   17.30%  21.31% 10.18%  8.17%  

2001 13.16% 37.88%   9.31% 7.88% 8.77% 6.88% 28.16% 6.71%   20.11%  19.81% 9.81%  7.73%  

2002 13.01% 40.96%   8.96% 7.25% 8.42% 6.73% 22.60% 6.41%   18.53%  18.90% 9.12%  7.32%  

2003 13.44% 37.62%   8.93% 7.08% 8.61% 6.70% 15.81% 6.20%   19.29%  18.51% 8.80%  7.18%  

2004 14.27% 40.36% 9.12% 22.95% 9.33% 7.26% 9.23% 6.59% 14.89% 6.45% 15.29% 18.07% 20.36% 20.90% 20.26% 8.86% 18.73% 7.47% 19.07% 

2005 14.43% 44.73% 9.81% 25.34% 10.14% 7.43% 9.92% 6.59% 14.58% 6.77% 16.28% 19.95% 21.86% 19.39% 22.98% 9.77% 21.12% 7.64% 20.38% 

2006 14.81% 48.69% 9.81% 27.28% 11.56% 7.57% 11.23% 6.94% 13.31% 7.44% 16.92% 21.36% 23.75% 21.29% 25.46% 10.32% 24.10% 7.93% 25.03% 

2007 15.38% 51.72% 10.14% 23.34% 11.49% 7.66% 11.57% 7.45% 12.76% 7.67% 15.64% 20.21% 19.80% 21.09% 26.47% 10.45% 26.54% 8.04% 29.90% 
2008 15.63% 51.70% 10.68% 23.06% 11.45% 7.90% 11.87% 7.63% 12.77% 7.76% 14.70% 22.54% 20.16% 19.55% 28.27% 10.90% 26.36% 7.92% 32.15% 

2009 12.45% 34.81% 8.74% 18.47% 8.14% 6.67% 9.79% 6.40% 12.11% 6.16% 12.30% 17.60% 17.40% 17.11% 21.65% 8.91% 20.17% 6.11% 26.21% 

2010 14.42% 42.25% 9.60% 24.79% 9.43% 7.39% 11.39% 6.66% 13.74% 7.44% 16.43% 23.93% 15.54% 20.20% 28.04% 9.93% 25.20% 7.17% 32.62% 

2011 15.78% 50.14% 9.26% 33.72% 10.35% 8.03% 12.47% 6.94% 14.29% 8.05% 19.71% 29.17% 15.73% 22.10% 32.33% 10.62% 29.39% 8.01% 40.43% 

2012 15.50% 49.30% 8.65% 33.06% 10.08% 8.06% 12.32% 7.60% 14.63% 7.82% 21.37% 31.71% 15.33% 23.62% 36.71% 10.73% 30.25% 8.05% 45.54% 
2013 15.24% 48.74% 8.03% 29.45% 9.75% 7.80% 11.88% 7.72% 13.89% 7.52% 19.99% 32.30% 13.94% 19.27% 35.51% 10.86% 30.95% 8.01% 46.50% 

2014 14.88% 47.99% 9.65% 26.83% 9.46% 7.65% 11.69% 8.10% 13.40% 7.50% 19.58% 29.36% 13.01% 17.31% 33.56% 11.06% 31.63% 8.49% 43.93% 

2015 14.82% 45.64% 10.32% 24.36% 8.73% 7.62% 11.87% 7.46% 11.22% 7.68% 18.65% 26.72% 12.85% 16.97% 33.57% 10.95% 33.05% 8.50% 44.84% 

mean 14.17% 44.35% 9.48% 26.05% 9.77% 7.55% 10.41% 7.02% 16.77% 7.07% 17.24% 24.41% 17.72% 19.90% 25.98% 10.04% 26.46% 7.67% 33.88% 

Notes: Welfare gains estimation for Austria (AUT), Belgium (BEL), Cyprus (CYP), Estonia (EST), Finland (FIN), France (FRA), Germany (GER), Greece 

(GRE), Ireland (IRE), Italy (ITA), Latvia (LAT), Lithuania (LIT), Luxembourg (LUX), Malta (MAL), Netherlands (NET), Portugal (POR), Slovenia (SLO), Spain 

(SPA) and Slovakia (SLK) between 1999 and 2015. 
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In order to grasp the particular features of welfare gains and how they 

evolve over time, we split countries in four groups and we plot the time- 

series of welfare gains in Figure 4.2. A first group of countries include  

core economies, i.e. Austria, Belgium, Finland, France, Germany, Luxem- 

bourg and the Netherlands. Another group includes peripheral countries, 

i.e. Cyprus, Greece, Ireland, Malta, Portugal, Italy and Spain. We sepa- 

rately investigate as further group Benelux economies, i.e. Belgium, Lux- 

embourg and the Netherlands. Lastly, we group together eastern countries 

(Latvia, Lithuania, Estonia, Slovenia and Slovakia) which joined the Euro- 

zone at a later stage. A common feature of all graphs is a drop in welfare 

gains from trade around the global financial crisis, suggesting a reduction 

in trade across all countries in the eurozone and the spread of the shock 

from the financial markets to real economies. Welfare gains from trade vary 

considerably among group of countries. Within core countries, Germany 

and Austria show a steady increase in welfare gains over the time period 

under analysis, while France show lower and more constant welfare gains 

from trade. In contrast, peripheral countries show low and constant gains, 

indicating that joining the euro did not had a remarkable impact on welfare 

gains. Particularly interesting are the examples of Ireland and Malta which 

show a negative trend in welfare gains. For instance, Ireland shows a de- 

cline from 30% in 2000 to around 13% in 2015. A remarkable difference can 

be noted for the so called Benelux countries and in particular for Belgium 

and the Netherlands. Welfare gains in the Netherlands increase significantly 

from 20% to about 35%, while Belgium shows the highest gains from trade 

as compared also to core and peripheral economies. Despite a shorter time 

span available, interesting evidence emerge by looking at easter economies. 

Eastern countries show positive welfare gains, significantly greater than pe- 

ripheral economies of the euro area that joined the common currency at its 

early stage. Greater welfare gains for eastern countries can also be inter- 

preted as an increasing openness toward western economies of the euro 

area after the dissolution of communist regimes in the east of Europe. 
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FIGURE 4.2: Welfare gains by country group 
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4.6 Conclusion 

 
This paper provides an empirical estimation of welfare gains from trade 

within the Eurozone from the introduction of the euro in 1999 to 2015. The 

international trade literature has attracted a great deal of research seeking 

to estimate the impact of custom unions on trade. In his seminal work, Rose 

(2000) shows that adhering to a CU results in a trade boost estimated at 

about 300%. As a consequence of the extensive critique and scepticism 

about the very high trade boost reported by Rose (2000), several studies 

analyse the specific case of the Eurozone, which is often considered to be 

the most important CU in the world (Glick and Rose, 2016). 

Despite the mixed findings and the variety of econometric techniques 

involved, a question that remains unanswered is whether joining a CU re- 

sults in welfare gains arising from trade. Our main contribution relates to the 

estimation of welfare gains, following the theoretical models of Arkolakis, 

Costinot, and Rodríguez-Clare (2012) and Costinot and Rodríguez-Clare 

(2014). Our framework allows the estimation of trade gains using two suffi- 

cient aggregate statistics: first, the share of expenditure on domestic goods 

and secondly,  the elasticity of exports with respect to trade cost.  While  

the first statistic can be directly obtained from official statistics, the second 

needs to be estimated. Following Arkolakis, Costinot, and Rodríguez-Clare 

(2012), we employ a gravity model to estimate trade costs elasticities, using 

up-to-date panel data estimators. In addition to OLS and fixed effects mod- 

els, we make a further methodological contribution by using the Poisson 

pseudo-maximum likelihood (PPML) estimator. PPML is robust to various 

econometric characteristics of gravity equations, characterised by their triple 

indexed structure, which accounts for importer, exporter and time aspects, 

as well as issues related to zero trade flow and heteroskedasticity (Santos 

Silva and Tenreyro, 2006). We rely on a recent computational method pro- 

posed by Larch et al. (2018), implemented in the context of CU and free 

trade agreements (see also Larch, Wanner, and Yotov, 2018), which we ex- 

tend by applying it to estimation of welfare gains from trade. In estimating 
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trade cost elasticities, we include all sets of fixed effects which account for 

multilateral resistance (Anderson and Van Wincoop, 2003) as well as time- 

invariant bilateral heterogeneity (Baier and Bergstrand, 2007). We also ob- 

tain our inferences by implementing multi-way clustered standard errors as 

suggested by Egger and Tarlea (2015) which is usually neglected in previ- 

ous work. 

Our estimation yields an elasticity of trade costs of -3.294. We compare 

our result with the limited number of previous empirical estimation of trade 

cost elasticities using gravity equations (e.g. Head and Mayer, 2014). Our 

measure is slightly smaller than the median value reported in Head and 

Mayer (2014), which is around -3.78. Using a similar theoretical standpoint, 

but without employing a gravity equation, Eaton and Kortum (2002) provide 

an estimate of -3.6. However, our empirical approach is more robust to the 

complex structure of gravity models, accounting for the various econometric 

implications related to the log-linearised form of the gravity equation. 

We contribute to the literature by employing our estimated trade cost 

elasticity for the determination of gains from trade for eurozone countries. 

We find significant variability both across countries within the eurozone and 

over time. For instance, we find a larger effect of the adherence to the CU 

for small eastern countries generally former members of the Soviet Union 

that accessed the European Union and the Eurozone after 2000, i.e. Esto- 

nia, Lithuania, Latvia, Slovakia and Slovenia. Among larger economies, the 

largest increases in gains from trade can be noted for Belgium, Netherlands 

and Germany. Southern economies, particularly Italy, Spain and Greece 

show lower gains as compared to northern economies (e.g. Germany). Bel- 

gium, Luxembourg and the Netherlands report relatively higher gains when 

compared to core economies such as France and Germany. 

Our results bring several implications for policy makers and regulators. 

Much of the attention of European Union regulators relates to convergence 

of eurozone countries with respect to the pillars contained in the Maastricht 



4.6. Conclusion 153 
 

 

treaty, such as those related to inflation, interest rates and government fi- 

nance. However, policy makers should begin to consider more carefully inte- 

gration related to efficiency in production and synchronicity of the business 

cycles. These policies can be implemented through, for example, greater 

mobility of factors of production and efficiency of the unit labour cost. On 

the demand side, policy makers may want to implement actions that stim- 

ulate internal demand and sustain growth. Supply and demand policies 

combined could potentially benefit those countries that despite being large 

in terms of GDP, e.g. France, Italy and Spain experience significantly lower 

welfare gains as compared to Germany. 
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Chapter 5 

 
Conclusion 

 
This thesis comprises of four empirical chapters about liquidity interconnec- 

tion, share repurchases and macroeconomic integration in the Eurozone. 

The European Union (EU) experienced several events leading to macroeco- 

nomic and financial uncertainty in the last decades. These events originated 

both within the European Union, such as during the euro crisis and outside, 

for example as a result of the global financial crisis (GFC). The first essay 

shows evidence of financial contagion though the liquidity channel using a 

generalised vector autoregressive model. We further document the impor- 

tance of market liquidity within share repurchase programmes in chapter 3. 

By employing censored quantile regression, we show that companies in- 

crease their repurchase activity when markets are more liquid and that the 

short-term decision to repurchase does not strictly depend on the long-term 

underlying motive. In our third essay we show empirically that the introduc- 

tion of the euro did not improve significantly welfare gains from trade, esti- 

mating trade cost elasticity with a gravity model a Poisson pseudo-maximum 

likelihood estimators. We show further in chapter ?? that the real and fun- 

damental exchange rates are cointegrated both at the Eurozone level and 

for each single country. By computing the differential between real and fun- 

damental exchange rates and using this differential as regressor in a trade 

model of exports, we find that it has a negative effect on trade and its per- 

sistence can jeopardise the adjustment of the balance of payments. 

Chapter 2 investigates static and dynamic liquidity and volatility spillovers 

across Eurozone stock markets for the period between 1990 and 2015. It 
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makes three contributions. First of all, we implement a simple but highly ef- 

fective measure of interconnectedness to describe average liquidity spillovers 

across countries during the sample period. This index is based on a gen- 

eralised vector autoregressive (VAR) model following Diebold and Yilmaz, 

2009 and Diebold and Yilmaz, 2012, who proposed this measure for volatil- 

ity spillovers. The main benefit of the generalised VAR is that is overcomes 

the possible negative effects of variable ordering, unavoidable when vari- 

ance decomposition and Cholesky factorisation are employed. We measure 

liquidity spillovers using five different measures, which allow us to capture 

different aspects of liquidity (Goyenko, Holden, and Trzcinka, 2009; Ami- 

hud, Mendelson, and Pedersen, 2012). We find a significant spillover effect 

across countries. By analysing sub-samples related to the GFC, we find that 

liquidity spillovers increase during periods of greater uncertainty. 

Our second contribution relates to evidence of contagion through the liq- 

uidity channel, by allowing the parameters of the generalised VAR to vary 

over time using rolling window estimations. Such a dynamic model allows 

us to find strong evidence of contagion. In particular, we find that leading 

economies, such as Germany, France and Italy, are among the dominant 

transmitters of liquidity shocks within the Eurozone. Moreover, we uncover 

evidence of dominant net transmitters and receivers, calculating the differ- 

ence between the part of shocks which is transmitted and the part which is 

received by each economy. Our findings can be potentially useful both to 

financial regulators and practitioners. Regulators may be interested in un- 

derstanding the sources of liquidity shocks during phenomena of contagion 

to put in place appropriate counteractions to stem the possible propagation 

to countries with greater structural instability. 

Although we provide evidence of financial contagion through the liquidity 

channel, we do not address directly the implications in terms of pricing of 

liquidity risk. Future research may shed further light on this aspect. The 

pricing of liquidity risk and the implications for portfolios of investors have 

received considerable attention in the literature (see, e.g. Amihud, 2002; 

Pástor and Stambaugh, 2003; Acharya and Pedersen, 2005; Amihud et al., 
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2015). By adding a further dimension to such analysis, which relates to  

the analysis of the source of shocks, future research can investigate the 

price of endogenous and exogenous shocks to estimate risk premia more 

comprehensively, thus providing a further element to portfolio managers. 

In chapter 3, we investigate the role played by market liquidity in payout 

policies and, in particular, within share repurchase decisions in the UK. Our 

main aim is to provide evidence that the execution of the repurchase pro- 

gramme is driven by macrovariables, which are not necessarily related to 

the underlying stated motivation to buyback. We argue that market liquid- 

ity plays a significant role alongside market returns and systematic risk. We 

make several key findings. We employ a dataset of 37,938 daily share repur- 

chase transactions between 2003 and 2017. We firstly investigate whether 

companies repurchase in a month in which markets are relatively more liq- 

uid. Using a logistic regression model, we find that companies trade their 

shares when markets are more liquid, in line with the liquidity hypothesis 

proposed by Brockman, Howe, and Mortal, 2008. 

Using a Tobit model, we further investigate whether the quantity of share 

repurchased, expressed in percentage of the total shares outstanding also 

supports the liquidity hypothesis. Despite our results indicate strong evi- 

dence in favour of the liquidity hypothesis, Tobit models carry some econo- 

metric limitations that we address using censored quantile regression (CQR) 

models. Our methodological contribution using CQR reveals interesting 

characteristics of the repurchase programme. In particular, we show that 

CQR contradicts some of the results of the Tobit model with respect to the 

magnitude of the coefficients of market liquidity. 

While we find strong evidence in favour of the liquidity hypothesis within 

the repurchase execution, we also find some counterintuitive results. Our 

results show a negative coefficient for stock volatility, meaning that com- 

panies repurchase more when volatility is low. This finding is in contrast 

with the price stabilisation hypothesis, which argues that companies use 

share repurchases to stabilise the stock price (De Cesari, Espenlaub, and 

Khurshed, 2011). Future research could shed more light on this surprising 
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finding, for example by employing different measures of risk. As possible ex- 

planation of this finding, we consider that certain hypotheses are influenced 

by the UK legislation, which largely differs from the the US. New studies 

could also test the drivers of the repurchase execution in other EU markets, 

where the phenomenon of stock buybacks is growing and where different 

rules apply. 

In chapter 4, we estimate empirically welfare gains from trade in the 

Eurozone. The measurement of welfare gains from trade is a timely topic in 

the current literature (Feenstra, 1994; Eaton and Kortum, 2002; Arkolakis, 

Costinot, and Rodríguez-Clare, 2012). However, not much has been done 

previously with respect to welfare gains within currency unions (CUs). This 

essay makes two contributions. 

First, we extend the existing literature that aims to estimate welfare gains 

from trade by, i) implementing a trade model that requires only two sufficient 

statistics following Arkolakis, Costinot, and Rodríguez-Clare, 2012 and ii) by 

carrying out analysis within the Eurozone, which is arguably the most impor- 

tant currency union in the world (Glick and Rose, 2016). Our results show 

that the adoption of the euro did not improve significantly gains from trade 

for member economies. Small economies experience greater gains as com- 

pared to large economies, but after joining the Eurozone their welfare gains 

do not change significantly. We also show that gains from trade do not vary 

significantly over time. We report small improvements for Germany, while 

southern economies, such as Italy, Spain and Greece, indicate negligible 

improvements. 

The estimation of welfare gains following the model of Arkolakis, Costinot, 

and Rodríguez-Clare, 2012 requires computation of the elasticity of ex- 

ports with respect to trade costs. As argued by Arkolakis, Costinot, and 

Rodríguez-Clare, 2012, gravity models prove useful to estimate trade cost 

elasticity. We make a methodological contribution by using Poisson pseudo- 

maximum likelihood (PPML) to estimate trade cost elasticity in a gravity 

model. PPML is a robust econometric technique that overcomes most lim- 

itations of standard estimators, widely used in the literature. Moreover, it 
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allows the inclusion of all possible sets of fixed effects of a gravity equation, 

which is necessary to obtain unbiased estimates (Larch, Wanner, and Yotov, 

2018; Larch et al., 2018). 

In this chapter we do not provide the underlying motivations for these 

differences. Future research may well try to shed some light on the reasons 

why differences in gains from trade exist. Moreover, it would be interesting 

to investigate if other CUs behave similarly to the Eurozone. The evidence 

that the euro did not improve welfare gains from trade, alongside the mixed 

findings that it improves trade (Baldwin, 2006; Glick and Rose, 2016; Larch 

et al., 2018) raises important implications for policy makers. Regulators can 

learn from the findings shown in this chapter by adopting monetary policies 

that stimulate imports. However, other variables related to competitiveness 

may also improve gains from trade. 
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