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Preface

This dissertation is the collection of the three essays that I have produced during my re-

search activity as a PhD student of Bocconi University. The papers are ordered chrono-

logically - from the less recent to the more recent - and each of them represents a chap-

ter of this thesis. This introduction has a twofold aim. First, it focuses on the crucial

contributions and findings of each chapter. Second, and most importantly, it enlightens

the nexus that exist among the three different research-papers which are the building-

blocks of the thesis.

The following chapters are motivated by my interest in the implications that risk may

have in terms of asset allocation and financial stability. Risk, in fact, enters - at a different

level - in all the papers that compose this thesis and, hence, in order to put in more

evidence the common aspects that characterise my research, in what follows I will

spend some words on them.

The first chapter “How Much Does the Stock Market Risk Decline with the Investment Hori-

zon? A Cross-Country Comparison” is a joint work with my supervisor Professor Carlo

A. Favero and was conducted in the finance department of Bocconi. In this paper we fill

a gap in the literature about international financial markets and asset allocation. More

specifically, we compare stock market risk across countries, in particular US, Germany

and France and, in the same time, we also compare the risk of investing in the stock

market with respect to the risk of investing in other financial assets (e.g. government

bonds). We define stock market risk - and equivalently the risk associated to other fi-

nancial assets - as the standard deviation of cumulative returns. We find evidence of a

strong horizon-effect for US stock market risk and a weaker horizon effect for German

and French stock market risk. Intuitively, the horizon effect implies that stock market
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risk declines along the investment horizon considered, which is 25 years in our study.

Finally, while on the one hand we find that stock market risk declines in absolute terms,

on the other hand - when we compare it to government bond risk - we find that stock

market is always the riskier asset class.

The second chapter “The Performance of Currency Hedge Funds and Foreign Exchange Risk

Premia” is a co-authored paper with my external supervisor Professor Giorgio Valente

and was started when I was a visiting student of the economics department of the Uni-

versity of Leicester. In this work we concentrate on international finance and on the

ability of currency hedge funds to generate returns that exceed a mere compensation

for exposure to risk. In particular, we start by investigating whether currency hedge

funds generate returns that beat those generated by the carry trade, which is a popular

strategy involving foreign exchange rates. This strategy consists in borrowing in cur-

rency with low interest rate and investing in currency with high interest rate. We find

evidence that, in most of the cases, currency hedge funds returns are higher than those

produced by the carry trade. Then, we aggregate currency hedge funds into portfolios

and we find that the returns associated with these portfolios persist over time and can

be decomposed between genuine management skill of the hedge fund manager and

remuneration due to exposure towards risk factors such as volatility and leverage.

The last chapter “The Comovement between Sovereign and Bank Credit Risk during the Fi-

nancial Crisis: the Case of the Euro Area” finds its foundations on the financial turmoil

2008-2010 and was started when I was visiting the research division of the Sveriges

Riksbank in Stockholm. In this paper I construct two indicators of credit risk: one for

the European sovereign sector and the other for the European banking sector; then,

I perform an empirical investigation of their comovement. These indicators are ex-

pressed in terms of default probabilities. More in details, the risk indicator of the

2
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sovereign sector is expressed as the probability of observing one default over the next

two years in a group of 11 main sovereign entities of the Euro-area, while the risk in-

dicator of the banking sector is the probability of observing one default over the next

two years in a group of 20 main European banks, all domiciliated in the very same

11 countries. The default probabilities used are those implied by a particular type of

financial instrument, namely the nth-to-default Credit Default Swap (CDS) basket. This fi-

nancial instrument is a kind of insurance which provides to the holder a pay-off when

a specific credit event, in my case the 1st default in the groups of countries and banks

considered, takes place. Then, I model these two measures of risk jointly in a Vector-

Error-Correction-Model (VECM) framework and I find evidence about the existence

of a cointegration relationship. Moreover, I find that it is the banking sector that con-

tributes the most to re-establish this equilibrium relationship when it does not hold.

Finally, I perform impulse response functions analysis which shows that shocks to the

sovereign credit risk measure may have a dramatic impact not only on the sovereign

sector itself but also on the banking sector, especially as the time horizon taken into

consideration increases.

At this point it should be clear that risk is the common link across the three papers,

albeit from different perspectives. Both chapter one and two analyse and evaluate the

implications that risk may have in terms of asset allocation, while chapter three relates

the credit risk of the European sovereign and banking sector to financial stability.

Chapter one, in fact, studies the interaction between risk and investment-horizon. It in-

vestigates how the temporal evolution of the risk associated to traditional asset-classes

may differ across financial markets and evaluates whether investors may change the

allocation of their wealth accordingly. The empirical analysis shows that long-horizon

US investors (e.g. pension funds) may have a rationale - as far as risk is concerned -
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to re-balance their allocation from government bonds towards stocks, while this ratio-

nale is weaker for the same category of investors, if they are domiciliated in Germany

or France.

On the other hand, chapter two concerns the relationship between the returns from

investing in a risky asset and the compensation for bearing that risk. Indeed, it investi-

gates whether investors get a fair remuneration with the returns generated by currency

hedge funds. For this purpose, a particular asset allocation strategy - the carry trade -

is used to construct a benchmark that helps to evaluate the performance of currency

hedge funds and to decompose their returns between management skill and foreign

exchange risk premia. Our evidence shows that for portfolios of currency hedge funds

there might be a substantial component of returns that exceed risk-compensation and

that - as a consequence - can be attributed to the skill of the currency manager. This, in

turn, can justify an investment in currency hedge funds.

At last, chapter three - while focusing on credit risk - has a twofold-contribution to

financial stability: one arising directly from the approach that I use and the other one

stemming from the empirical analysis. As for the approach, I argue that the use of syn-

thetic indicators of credit risk may help central banks in their task of vigilance of the

financial system. Synthetic measures of credit risk may, in fact, complement the set of

information available to central banks and, hence, help them to monitor financial mar-

kets. As for the empirical analysis, the main conclusion of the paper is that policies

aiming to increase capital and liquidity levels of banks and policies that point to re-

duce European governments budget deficits are both necessary to guarantee financial

stability.

Despite it is not the primary aim of the analysis, the first and the second chapter may

also have relevant implications for financial stability. In particular, the implications of

4
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the first paper are very interesting if evaluated under the perspective of a sovereign

entity that needs to re-finance its debt. At the moment of writing, indeed, there are

worries about the capacity of the most-troubled European sovereign entities to find

enough buyers for their government bonds. In this framework, the asset allocation de-

cisions of long term investors such as pensions funds may have relevant consequences

for the financial stability of the European Monetary Union. Indeed, a reduced demand

of government bonds from pension funds could produce a dramatic increase in the

cost of funding of governments. Financial stability is also underlying the second paper.

It must be recalled, in fact, that very often currency hedge funds makes profit from cur-

rency speculation which, in turn, can have dangerous consequences in a period where

there is a huge debate about exchange rate levels and global imbalances.

Finally, many would agree that doing a PhD requires - among other things - a strong

commitment and a big passion for scientific research. In most of the cases, this passion

helps to overcome difficulties, to deal with uncertainty and to build the commitment

that is necessary when the completion of the PhD is still far away.

According to me, passion for scientific research also implies a broad interest for dif-

ferent topics of a certain subject of study - finance in my case - as far as these topics

involve challenging research-questions. Being passion the main driver that has moti-

vated myself during my PhD, I have tried to follow my research interests as much as I

could during these years.

This thesis is the outcome of such an attitude towards research and, hence, I would say

that passion for research in finance is the ultimate link across the papers that constitute

my PhD thesis.
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How Much Does the Stock Market Risk

Decline with the Investment Horizon?

A Cross-Country Comparison

Abstract

We perform a cross-country comparison of stock market risk. Stock market

risk is defined as the standard deviation of cumulative stock market returns. We

model stock market returns in a VAR(1) system jointly with bond returns and a set

of predictive variables. Our results provide evidence of a strong negative horizon

effect for US stock market returns and a weak negative horizon effect for Germany,

France and Europe. When an open economy VAR(1) is considered, we find that

stock market risk increases for US, Germany and Europe, while the evidence for

France is mixed.

Keywords: long run risk, asset allocation, predictability, spill-over effects.
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1.1 Introduction

Starting from the seminal works by Samuelson (1969) and Merton (1969, 1973) on

portfolio choice, financial economists have devoted increasing attention to the problem of

asset allocation. A well-established point in this strand of literature is that asset return

predictability may produce significant differences in the allocation strategies of short - and

long - term investors. More recently, an important contribution is provided by Barberis

(2000) which focuses on the implications that the predictability of US asset returns could

have for the investment decisions of long-horizon investors. Notably, by assuming that

asset returns follow the dynamic of a first-order vector autoregression, VAR(1), process

with dividend yield used as predictor, he finds that the implied standard deviation of US

stocks returns at 10-year horizon is much lower (23.7%) than the one implied by the usual

assumption of i.i.d. returns (45.2%). The influential studies by Campbell and Viceira

(2002, 2005) confirm these findings. Preserving the simple VAR(1) framework used by

Barberis (2000), they provide strong evidence of mean reversion for US stock returns since

the standard deviation of annualized returns decreases from 18% at one-year horizon to

14% at 25-year horizon, showing a strong negative dependence on the investment hori-

zon.

The negative relationship between asset returns volatility and investment horizon, evi-

denced by Campbell and Viceira (2002, 2005), may result in a wedge between asset allo-

cation strategies of investors with different time horizons. In other words, long-horizon

investors may find stocks more attractive than short-horizon investors as stock returns

volatility decreases with the investment horizon.

It is quite surprising that, despite the results provided by Campbell and Viceira (2002,

2005) and Barberis (2000) have deep implications in terms of asset allocation, few studies

have tried to extend their analysis by taking into consideration the European case. Hence,

this paper aims to fill this gap in the literature also in the light of the new regulation
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about the solvency of insurance companies, so-called Solvency II, that is currently under

discussion in the European Union. According to this new regulatory framework, the

capital requirements of insurance companies should be based on the assets and liabilities

risks measured on a 12-month basis. Clearly, to evaluate the efficiency of this requirement

it is crucial to examine the relationship between asset risk and investment horizon and,

hence, to investigate the degree of mean-reversion of European asset returns. In fact, a

regulation that does not take into consideration asset returns predictability may fail to

recognise that volatility decreases with the investment horizon, thereby forcing insurers

to allocate wealth toward assets traditionally considered less risky, such as bonds.

A work very related to ours is the one by Bec and Gollier (2008), where the relationship

between assets returns volatility and the investment horizon is investigated for the French

case. However, our approach differs in at least two important aspects. First, we extend

the set of countries taken into consideration by applying our analysis also to Germany

and, at a more aggregate level, to Europe. Second, we use an open-economy VAR to pick

up the effects of international linkages and omitted variables on asset return risks. This

approach allows us to investigate important spill-over effects on the standard deviation

of asset returns while preserving the appealing structure used by Campbell and Viceira

(2002, 2005).

As a starting point, we follow Campbell and Viceira (2002, 2005) and estimate a

closed-economy VAR of real assets returns for the German, French, European and US

financial markets over the period 1973Q4-2008Q2. Our basic system includes short term

ex post real interest rates, excess stock market returns, excess bond returns and variables

that are traditionally recognised as return predictors, i.e. the short term nominal interest

rate, the dividend-price ratio, and the spread between long and short term bonds. For

each country, we use the VAR estimates to extract the annualized standard deviation of

asset returns.

Interestingly, while for the US case we obtain results very close to Campbell and Viceira
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(2002, 2005), i.e. stong evidence of mean-reversion of stock returns, the mean-reversion

of German, French and European stocks returns is weaker, thereby enlightening impor-

tant differences in terms of risk. Put it differently, the annualised standard deviation of

cumulative US stock returns seems to be much more sensitive to time-horizon.

Afterwards, we evaluate the effects of financial contagion and exchange rates risk on

asset returns volatility. For this purpose, we extract the annualized standard deviation of

asset returns from an open-economy VAR(1) estimated over the period 1975Q4-2008Q2.

In this specification, asset returns of two different countries and exchange rates are inserted

in the same system. The main results of this further analysis can be summarised as

follows. First, once linkages among financial markets are considered, we find that US

stock returns volatility still decreases with the time-horizon but shifts upwards, implying

an overall increase in risk w.r.t the closed-economy case. Volatility of stock returns shifts

upwards also for German and European stock returns, while it shifts downwards for French

stock returns. Second, we find that the annualised standard deviation of US stock returns

denominated in dollars is considerably lower than standard deviation of US stock return

denominated in foreign currency. Furthermore, French and German investors that invest

in the US stock market suffer levels of volatility not lower than the ones that they would

have suffered by investing in their domestic stock markets once exchange rate risk is taken

into consideration. By contrast, the risk that an European investor faces by investing in

the US stock market is lower than the one he faces by investing in the domestic stock

market since the annualised standard deviation of US stock returns denominated in Euros

is lower - for almost all the investment horizons - than the annualised standard deviation

of European stock returns. Notice that these results could have implications for the well-

known home-bias effect in stock market investments at least as far as risk is concerned.

The paper is organised as follows. Section 1.2 describes the model specification along

with the methodology we use to extract standard deviations from a simple VAR(1) system.

Section 1.3 describes the dataset and provides sample statistics of French, German, Eu-
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ropean and US asset returns. In section 1.4 we comment closed-economy VAR estimates.

Section 1.5 and 1.6 compare assets conditional volatility arising from the closed-economy

and the open-economy, respectively. In section 1.7 we perform a robustness test of the

open-economy VAR specification, while section 1.8 concludes.

1.2 Empirical Analysis

Following Barberis (2000) and Campbell and Viceira (2002, 2005), we describe asset

return dynamics by means of a first-order vector autoregressive or VAR(1) model. We

choose a VAR(1) as the inclusion of additional lags, even if easily implementable, would

reduce the precision of the estimates. In the specification we add also a set of variables

that can be used by the investor for forecasting returns. Hence, we have:

𝑧𝑡 = Φ0 + Φ1𝑧𝑡−1 + 𝜈𝑡 (1)

where

𝑧𝑡 =

⎡⎢⎢⎢⎢⎢⎣
𝑟0𝑡

𝑥𝑡

𝑠𝑡

⎤⎥⎥⎥⎥⎥⎦ (2)

is a 𝑚× 1 vector with 𝑟0𝑡 being the real short term rate, 𝑥𝑡 being the 𝑛× 1 vector of log

excess returns and 𝑠𝑡 is the (𝑚− 𝑛− 1)× 1 vector of returns predictors.

In the VAR(1) specification, Φ0 is a 𝑚×1 vector of intercepts and Φ1 is a 𝑚×𝑚 matrix of

slope coefficients. Finally, 𝜈𝑡 is a 𝑚× 1 vector of innovations in asset returns and returns’

predictors for which standard assumptions apply, i.e.:

𝜈𝑡 ∼ 𝒩 (0,Σ𝜈) (3)
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where Σ𝜈 is the 𝑚×𝑚 variance-covariance matrix.

To extract the k-period conditional variance of asset returns, we first estimate the closed-

economy/open-economy VAR model and use the estimation to simulate the model K-

periods ahead with K = 100 quarters, i.e. 25 years. Then, we allow for errors into

the forecasting equations by inserting a stochastic term into them. Finally, we compute

cumulative asset returns as (𝑧𝑇+1 + ... + 𝑧𝑇+𝐾) and, then, we compute their variance.

More formally, as in Campbell and Viceira (2002, 2005), we calculate the variance of the

cumulative returns as:

𝑉 𝑎𝑟𝑡(𝑧𝑇+1 + ...+ 𝑧𝑇+𝐾) = Σ𝜈 + (𝐼 + Φ1)Σ𝜈(𝐼 + Φ1)
′ + (4)

(𝐼 + Φ1 + Φ2
1)Σ𝜈(𝐼 + Φ1 + Φ2

1)
′ + ...

+(𝐼 + Φ1 + ...+ Φ𝐾−1
1 )Σ𝜈(𝐼 + Φ1 + ...+ Φ𝐾−1

1 )′

Using this procedure, we get the value of the variance of the real cumulative returns and,

as a by-product, the annualized standard deviation. The latter is defined as the square

root of the variance per quarter, times 200.

1.3 Dataset Description

In this section we describe our dataset and provide descriptive statistics for asset

returns over the period 1973Q4-2008Q2. In order to construct our quarterly dataset, we

take end of quarter values from monthly time-series. Following Campbell and Viceira

(2002), we define 𝑟0𝑡 as the real ex post short term rate, e.g. the difference between the

log return on the 3-month short term rate and the log inflation rate. The log return on

the 3 month short term rate is used also to measure the log short-term nominal interest

rates, denoted as 𝑟𝑛𝑜𝑚0𝑡 .

The short term rate is the 3-month interbank rate, i.e. US LIBOR for the US, FIBOR for

Germany and Europe, PIBOR for France. All these series are taken from Datastream.
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The log inflation rate is computed as 𝑙𝑜𝑔(𝑐𝑝𝑖𝑡) − 𝑙𝑜𝑔(𝑐𝑝𝑖𝑡−1), where cpi is the Consumer

Price Index series (for the US this series is obtained from the FRED database, while for

Germany and France the CPI series is downloadable from Datastream). Note that, in

our analysis, we use German data as a proxy for Europe when European variables are

not available. In this case, for instance, we take the German CPI as a proxy for the

European CPI. Data for equities prices and returns are taken from the Morgan Stanley

Capital International (MSCI) database and are available starting from January 1973. In

particular, for each country, quarterly stock market data are retrieved from the MSCI

Total Return Index and from the MSCI National Price, all in local currency. Applying

to these series the procedure described in Campbell (1999), we derive quarterly stock

returns. The quarterly dividends series, instead, is obtained simply as the MSCI Total

Return Index multiplied by the MSCI dividend yield.

It is worth noting that we slightly move from Campbell (1999) as we do not include

tax credits on dividends. In fact, as pointed out by Bec and Gollier (2008), it is likely

that both the taxation rate and the way dividends are taxed have not remained fixed over

the sample period considered. Thus, it might not be a sensitive choice to apply a unique

tax rate to all the sample, as in Campbell (1999). Hence, we choose not to incorporate

tax credits on dividends since the application of a fixed coefficient to all the observations

would not affect volatility.

In our analysis, we denote with 𝑟𝑒𝑡 the quarterly log real return on the stock index, defined

as difference between the log returns on equities and the log inflation rate. The log excess

return on equities is defined as 𝑥𝑒𝑡 = 𝑟𝑒𝑡 − 𝑟0𝑡 and the log dividend-price ratio, 𝑙𝑑𝑝𝑡, is

defined as the log difference between dividends and price index. As far as the bond market

is concerned, for each country in the sample we calculate bond yields on the basis of long

term (10-year) government bonds (source Datastream). We calculate the log excess return

on bonds as 𝑥𝑏𝑡 = 𝑟𝑏𝑡−𝑟0𝑡 where 𝑟𝑏𝑡 is log real return on bonds, i.e. the difference between

𝑟𝑛𝑜𝑚𝑏𝑡 and the log inflation. 𝑟𝑛𝑜𝑚𝑏𝑡 is the long term government bond return and is computed
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using the log-linear approximation technique described in Campbell et al. (1997), chapter

14. Namely:

𝑟𝑛𝑜𝑚𝑏,𝑛,𝑡+1 ≈ 𝐷𝑛𝑡𝑦𝑛𝑡 − (𝐷𝑛𝑡 − 1)𝑦𝑛−1,𝑡+1 (5)

where n is the bond maturity (here 10 years), 𝑦𝑛𝑡 is the log bond return (i.e. 𝑦𝑛𝑡 =

𝑙𝑜𝑔(1 + 𝑌𝑛𝑡)) and 𝐷𝑛𝑡 is the bond duration computed as:

𝐷𝑛𝑡 ≈ 1− (1 + 𝑌𝑛𝑡)
−𝑛

1− (1 + 𝑌𝑛𝑡)−1
(6)

Note that, following Campbell and Viceira (2002), we approximate 𝑦𝑛−1,𝑡+1 as 𝑦𝑛,𝑡+1.

For each country, the yield spread, 𝑠𝑝𝑟𝑡, is defined as the difference between the long term

bond yield and the 3-month interbank rate.

Finally, we compute the log difference of the exchange rate (defined as the amount of

domestic - i.e. German, French or European - currency needed for obtaining one unit of

foreign - i.e US - currency) as:

𝑑𝑒𝑡,𝑘/𝑈𝑆 = (𝑘/𝑢𝑠𝑑)𝑡 − (𝑘/𝑢𝑠𝑑)𝑡−1 (7)

where (𝑘/𝑢𝑠𝑑)𝑡 is the log of the exchange rate, measured at time t, between the currency

of country k - e.g. Germany (dm), France (ff) and Europe (eu) - and the US dollar (usd).

Data for exchange rates are taken from the Bank of England database and start from

1975Q1.

In what follows, we provide descriptive statistics and ADF unit root tests of asset returns

and forecasting variables for Germany, France, Europe and US. Note that, for each vari-

able except for the dividend-price ratio, means and standard deviations are reported in

annualized percentage points. In order to annualize quarterly data, we multiply means

by 400 and standard deviations by 200.

Table 1 and 2 show descriptive statistics and ADF unit root tests for Germany. We

include a constant in ADF regressions and the lag order for each variable was chosen,
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according to the Schwartz information criterion, as the smallest one that eliminates resid-

uals autocorrelation up to order 81.

As expected, standard deviation is much higher for stocks than for bonds (20.30% vs

6.74%). Note also that stock returns do not include tax credits and therefore their mean

could be downwards biased. This will be true also for stocks returns statistics of country

different than Germany as tax credits are never included.

The unit root hypothesis is accepted for ldp, rejected at 7% for spr and rejected at 5%

level for other variables.

Table 3 and 4 show descriptive statistics and ADF unit root tests for France. Compared to

the German financial market, French stock and bond excess returns exhibit lower means

and higher standard deviations.

For the French variables, the unit root null hypothesis is strongly rejected for 𝑥𝑒, 𝑥𝑏, and

spr, while it is accepted for 𝑟0, 𝑟
𝑛𝑜𝑚
0 and ldp.

In table 5 we provide descriptive statistics for European asset log returns and return pre-

dictors. Recall that, for all data but stock market, European data are not available for

the time-span considered and, thus, we are forced to use German data as a proxy. This

explains why European statistics look exactly the same as the German ones except for 𝑥𝑒

and ldp.

In table 6 ADF unit root tests for the European variables are shown. Note that the null

of unit root is accepted just for ldp.

In table 7 and 8 we show, respectively, descriptive statistics and ADF unit root tests for

each US variable. The standard deviation of the US real log return on stocks is lower

than the standard deviation of real log returns on stocks of the other countries.

Note also that, differently from the European case, for 3 variables, namely 𝑟0, 𝑟
𝑛𝑜𝑚
0 and

ldp, the null of unit root is accepted.

1The settings of the ADF test are the same for each country
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1.4 Closed-economy VAR estimates

In this section we report the estimates of the closed-economy VARs. For each country

(USA, Germany, France and Europe) we adopt the same specification as in Campbell

and Viceira (2002, 2005) and Bec and Gollier (2008), i.e. 𝑧𝑡 is a (6 × 1) vector such

that 𝑧𝑡 = (𝑟0𝑡 𝑥𝑒𝑡 𝑥𝑏𝑡 𝑟
𝑛𝑜𝑚
0𝑡 𝑙𝑑𝑝𝑡 𝑠𝑝𝑟𝑡)

′ in equation (1). The computation of the real excess

stock returns (i.e. 𝑥𝑒) produces the loss of the first 2 observations of our dataset and the

sample used for estimation is 1973Q3-2008Q2. Thus, for each country the closed-economy

VAR(1) is estimated over 1973Q4-2008Q2 for a total of 139 observations.

Table 10 reports VAR estimation results for the US case. The first column of table

10 is associated to the equation of real 3-month US LIBOR rate and shows that lagged

values of the real 3-month US LIBOR, of the nominal log returns on LIBOR and of

the yield spread (spr) are good predictors of the real 3-month US LIBOR. Examining

the second column (i.e. the one that represents the equation of the excess stock log

returns), it appears that forecasting variables of the excess stock log returns are the lags

of the nominal returns on US LIBOR and the lags of the log dividend-price ratio as both

coefficients are significantly different from zero. This result is consistent with Campbell

and Viceira (2005), even if the dataset and the time-span considered are not the same.

In fact, Campbell and Viceira (2005) also find that the nominal short-term rate and the

divided-price ratio are predictors of the US excess stock log returns. Furthermore, also the

signs associated with these two variables in our estimation are consistent with their study

since the lagged nominal short rate has a negative impact on stock returns and the lagged

dividend-price ratio has a positive impact on them. The 𝑅2 of the excess stock log returns

equation is 13%, indicating a good fit given the hard predictability of stock returns. The

similarities with Campbell and Viceira (2005) are confirmed by the equation of the excess

bond log returns, which is shown in the third column of table 10. In fact, predictors of

bond returns are the lagged values of the excess stock log returns and of the (yield) spread
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spr, and the coefficients associated with these two variables enter our equation with the

same signs as in Campbell and Viceira (2005), i.e. negative for 𝑥𝑒,𝑡−1 and positive for

𝑠𝑝𝑟𝑡−1. The analysis of the last three equations of the US VAR show that the forecasting

variables (namely, 𝑟𝑛𝑜𝑚0,𝑡 , 𝑙𝑑𝑝𝑡 and 𝑠𝑝𝑟𝑡) are, in general, extremely persistent.

In table 11 we show standard deviations (multiplied by 100) and correlations of the

closed-economy US VAR residuals. Stambaugh (1999) has found an interesting relation-

ship between the small-sample bias in predictive regressions and the correlation between

innovations in returns and innovations in predictable variables. More specifically, he has

noticed that the small-sample bias in these regressions has positive sign when the correla-

tion between innovations in returns and innovations in predictive variables is negative and

vice versa. Thus, from the US cross-correlations analysis it appears that the predictabil-

ity of stock returns may be affected by positive small-sample bias due to the presence

of negative correlation between stock returns innovations and innovations in the nominal

short term rate and in the dividend-price ratio. Conversely, the predictability of excess

bond log returns seems not to be overstated as bond returns innovations are positively

correlated with stock returns and spread innovations.

German VAR estimation results are shown in table 12. The first column reports the

real 3-month FIBOR rate equation. The coefficients significantly different from zero at 5%

are those associated with the lagged values of the nominal 3-month rate and the lagged

values of the dividend-price ratio. As for the excess stock log returns equation, lagged

values of excess bond log returns and of the log dividend-price ratio are significantly

different from zero but just at 10% level. The 𝑅2 associated to this equation is in fact

very low (7.3%) but this should not surprise given that it is very difficult to predict stock

returns. The third column refers to the excess bond log return equation. Predictors of

bond returns are the lagged values of the real 3-month rate, of the nominal 3-month rate

and of the spread. The last three columns put on evidence the high persistence of the

stock returns forecasting variable.
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In table 13 we report standard deviations of estimated residuals from the Germany

VAR. The predictability of German stock returns may be overstated given that the neg-

ative correlation between stock returns innovations and the innovations in bond returns

and in dividend-price implies a positive small sample bias.

VAR estimation results for France are shown in table 14. Forecasting variables of the

real 3-month PIBOR are lagged values of the real 3-month PIBOR itself, of the nominal

3-month PIBOR and of the dividend-price ratio. These three variables are also predictors

for the French excess stock log returns, as it is shown in the second equation of the VAR

estimates. Notice that the 𝑅2 associated to the French excess stock log returns equation

is higher than for the German case (17% vs 7%). Conversely, the fit of the excess bond log

returns equation is not as good as for the German case (8% vs 13%). The only forecasting

variable at 5% for French bond returns is the lagged real short term rate. The persistence

of 𝑟𝑛𝑜𝑚0,𝑡 , 𝑙𝑑𝑝𝑡 and 𝑠𝑝𝑟𝑡 is confirmed also for France, especially for the nominal return on

the short rate.

French standard deviations and correlations of residuals are reported in table 15. The

predictability of stock returns may be overstated since there is a negative correlation be-

tween stock returns innovations and innovations in the real and nominal PIBOR and in

the dividend-price. Conversely, the positive correlation between unexpected excess bond

log returns and shocks to the real short term rate implies that the predictability of bond

returns is not overstated.

Finally, VAR estimation results for Europe are reported in table 16 and they confirm

the hard predictability of stock returns. The only variable in the equation of the excess log

stock returns that is significantly different from zero at the 10% level is the log dividend-

price ratio. The 𝑅2 is slightly higher than in the German case (11% vs 7%) but lower

than France (11% vs 17%). The lagged values of the nominal short term rate and of the

spread are forecasting variables for the excess bond log returns.

Standard deviations and correlations of residuals for the European case are shown in

18

Tesi di dottorato "ESSAYS IN EMPIRICAL FINANCE"
di NUCERA FEDERICO CALOGERO
discussa presso Università Commerciale Luigi Bocconi-Milano nell'anno 2011
La tesi è tutelata dalla normativa sul diritto d'autore(Legge 22 aprile 1941, n.633 e successive integrazioni e modifiche).
Sono comunque fatti salvi i diritti dell'università Commerciale Luigi Bocconi di riproduzione per scopi di ricerca e didattici, con citazione della fonte.



table 17. By analysing the cross-correlation of the residuals, it appears that the low

predictability of stock return is also overstated due to the negative correlation between

unexpected stock returns and shocks to the dividend-price ratio. Notice that also the

predictability of returns on bonds may be affected by positive-small sample bias due to

negative correlation between bond returns innovations and innovations in the nominal

short term rate and in the spread.

1.5 European and US assets risk across investment

horizons

In this section, we compare the conditional annualized standard deviations of asset

returns - extracted from the 4 closed-economy VARs - across investment horizons. If

returns were not predictable, i.e. i.i.d., the annualized standard deviation of the cu-

mulative returns would not depend on the investment horizon. Conversely, if returns

were predictable, we should observe at least some degree of dependence. More specifi-

cally, to get more insights about asset returns predictability, we plot for each country the

annualized standard deviations of the cumulative real returns implied by the estimated

closed-economy VAR model. We consider the cumulative returns obtained by investing in

four classes of financial assets or investment strategies, namely: (i) investing in equities;

(ii) investing in the short term rate (i.e. the interbank rate, which is assumed to be the

risk-free asset); (iii) investing in a bond-rolled strategy, in which the investor keeps the

maturity of a government bond constant by buying a 10-year bond each period and selling

it next period in order to buy a new 10-year bond2; (iv) investing in the buy and hold

strategy (also called bond held), in which the investor buys a government bond and holds

it until maturity K3.

2Note that this strategy is the one implicitly assumed in the long-term bond returns time series.
3The risk associated to this strategy is essentially inflation risk since the nominal value of the bond
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In figure 1 we plot annualized standard deviation of US, German, French and European

real returns across investment horizons up to 100 quarters, i.e. 25 years. Our benchmark

is the US financial market, panel A in figure 1, since previous literature (e.g.Campbell

and Viceira, 2002, 2005) finds evidence of strong mean reversion of equities and - even if

less remarkable - mean reversion of bonds (bond-rolled strategy). It is worth noting that,

despite our sample is different, our findings support the theory that the US stock returns

and the US bond-rolled strategy are mean-reverting. Specifically, US annualized standard

deviation for equities declines sharply: from 16% to 8.2% in the first 50 quarters, and

further to 7.6% at K = 100. This is exactly the same as in Campbell and Viceira (2002,

2005). Similarly, the annualized standard deviations of the bond-rolled strategy is almost

one third less - 9% vs 5.6% - after 50 quarters and then it declines up to 5%. The short

term asset (US LIBOR) and the bond held strategy are mean-averting and again this is

consistent with Campbell and Viceira (2002, 2005). Thus, in terms of asset allocation, we

can infer that, for the US case, stocks are still the riskiest assets even at the long horizon

but the relative riskiness of bearing stocks rather than other assets decreases with the

time-horizon.

In panel B of figure 1 we plot the annualized standard deviation of German real returns.

Comparisons with the US case are very interesting. As for the US, German stock returns

are less volatile at longer horizons rather than at the short horizon. The annualized

standard deviations of German real stock returns declines from about 19.4% to 13.7%

after 50 quarters and then it stays almost constant. However, the decline in volatility is

not as steep as for US. In fact, the end of period (i.e. for K = 100) annualized standard

deviations of German stock returns is much higher than the end of period annualized

standard deviations of US stock returns (13% vs 7.6%) implying that German stocks are

much riskier even at the very long horizon. As for the US case, also for Germany the

is guaranteed and the standard deviation of real returns is equal to the standard deviation of cumulative

inflation from T to time T + K.
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annualized standard deviations of the bond-rolled strategy is mean-reverting, declining

from 6.45% to 3.83% along the investment horizon. The German risk free asset (FIBOR)

and the bond held strategy are mean-averting, but they appear less risky than their US

counterparts. For instance, the annualized standard deviation of the German bond held

strategy is always lower than the US bond held strategy. This should not surprise; in

fact, the bond held strategy is a proxy for inflation risk and the German Bundesbank has

always devoted a lot of effort to keep inflation low.

The annualized standard deviation of French real stock returns for investment horizons

up to 100 quarters are shown in panel C of figure 1. In this case, the volatility of stock

returns decreases from 21.4% to 16.4%: in other words, French stock returns exhibit

a lower degree of mean-reversion than US and Germany stock returns. The annualized

standard deviation of the bond rolled strategy first jumps from 7% to 10% after 15 periods

and the declines up to 6.5%. The mean-aversion of real returns on the short term asset

(PIBOR) and of the bond held strategy is confirmed also for France. Note that, with

respect to Germany, investing in the French short term asset is riskier as the annualized

standard volatility of real returns on PIBOR goes from 0.9% to 4.9%, while for Germany

it goes from 0.85% to 2.7%.

Finally, in panel D we plot the annualized standard deviation of European real returns.

Annualized standard deviation of European equities is flat, showing no dependence at all

on the investment horizon. This is the classical case-study of i.i.d. returns. The annualized

standard deviations of the other 3 classes of European asset are the same as for Germany

and similar considerations apply.

Overall, our analysis may have relevant indications for asset allocation for at least two

reasons.

First, it points out that stock returns for US, Germany and France have a certain

degree of predictability. The easiest way to explain this predictability is to look at VAR

estimates for these countries and notice that - at least at 10% level - the log dividend-
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price ratio is a forecasting variable for stock returns. In all the cases, there is a strong

negative correlation between stock returns shocks and dividend-price ratio shocks. As

a consequence, a positive shock on excess stock returns results in a negative shock on

dividend-price ratio and bad news about the dividend-price ratio produce a downwards

revision of expectations about future stock returns.

Second, from our analysis it emerges that the degree of mean-reversion of real excess

stock returns is very strong for US and much weaker for European countries. This implies

that, while for the US the relative magnitude of asset returns risks changes with the in-

vestment horizon being the relative riskiness of stocks w.r.t. other assets lower at the long

end, for Germany, France and Europe the relative riskiness of stocks (especially w.r.t. the

bond-rolled strategy) is almost unchanged. In fact, the annualized standard deviation

of stocks returns is much higher than the annualized standard deviation of bond-rolled

strategy at the long horizon. However, with respect to Germany, France is characterised

also by a strong inflation risk (this is evidenced by the volatility of the French bond held

strategy), which in turn may increase the appeal of French stocks to long horizon investors

even if the standard deviation of the bond held strategy is still lower (16.4% vs 11.2%).

1.6 Implications from the open-economy VAR(1)

In this section we discuss the implications of enlarging our original closed-economy

VAR(1) specification by including omitted variables and exchange rates in the system. In

the last few years, linkages and contagions among financial markets are increased and this

provides the rationale to consider in the same model US excess returns and predictors

jointly with excess returns and predictors from a country k, where k stands, alternatively,

for Germany, France or Europe. In addition, we argue that it is worth to include in the

system also exchange rates. In fact, the inclusion of exchange rates allows to consider an

additional class of financial asset returns, i.e. the returns, expressed in domestic currency,
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that an investor from Germany, France or Europe gets by investing in the US financial

markets. Put it differently, the inclusion of exchange rates in the system allows us to

consider also exchange rate risk.

The vector 𝑧𝑡 in equation (1) becomes a (13×1) vector since we model jointly 6 US vari-

ables, (𝑟0𝑡,𝑈𝑆 𝑥𝑒𝑡,𝑈𝑆 𝑥𝑏𝑡,𝑈𝑆 𝑟𝑛𝑜𝑚0𝑡,𝑈𝑆 𝑙𝑑𝑝𝑡,𝑈𝑆 𝑠𝑝𝑟𝑡,𝑈𝑆), 6 country 𝑘 variables, (𝑟0𝑡,𝑘 𝑥𝑒𝑡,𝑘 𝑥𝑏𝑡,𝑘 𝑟
𝑛𝑜𝑚
0𝑡,𝑘 𝑙𝑑𝑝𝑡,𝑘),

and the exchange rate 𝑑𝑒𝑡,𝑘/𝑈𝑆. We allow for three different specifications (US-Germany,

US-France and US-Europe) and estimate three open-economy VAR(1) models in order

to get insights about the stock market risk faced by German, French and European in-

vestors. The open-economy VARs are estimated using quarterly data from 1975Q4 to

2008Q2 since exchange rates series are available from 1975Q1. For each open-economy

VAR specification, risk is again measured as the annualized standard deviation of real

returns. We consider the same classes of assets/investment strategies as before (i.e. equi-

ties, risk-free, bond rolled and bond held). Open-economy VAR(1) estimates are shown

in tables 18-20.

In figure 2 we plot the annualized standard deviations of US stock market real returns

implied by four VAR specifications: the closed-economy VAR plus three open-economy

VARs (US-Germany, US-France and US-Europe). The annualized standard deviation of

stock returns implied by the open-economy VARs still decreases across the investment

horizons but it is shifted upwards w.r.t. the standard deviation implied by the closed-

economy VAR. Hence, financial contagion increases the risk of US stock market even if

the mean-reversion of US stock returns is preserved once the open-economy specification

is considered.

Then, for each class of financial assets, we compare the annualized standard deviations

of domestic - i.e. German, French and European - asset returns arising from both the

closed-economy and the open-economy VAR to the annualized standard deviation of US

asset returns, denominated in domestic currency. This allows to evaluate the effects of

financial contagion and exchange rates oscillation on the risk faced by German, French and
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European investors. For instance, in figure 3 we plot the annualized standard deviations of

real asset returns for a German investor. In the upper-left panel of figure 3, we compare the

annualized standard deviations of German stock returns implied by the closed-economy

VAR, the standard deviation of German stock returns implied by the open-economy VAR

and the standard deviation of US stock returns expressed in DM/Euros. The interaction

among German and US financial markets increases the risk faced by a German investor

since - at almost all the horizons - the annualized standard deviation of stock returns from

the open-economy model is shifted upwards w.r.t. the standard deviation arising from

the closed-economy model. Moreover, once exchange rate risk is taken into consideration,

US stocks look less appealing since, both at the short and at the long horizon, their

standard deviation is not lower than the standard deviation of German stock returns

implied by the open-economy VAR. It is worth noting that the only class of asset for

which we observe a clear difference between closed and open-economy models is that of

equities. Moving clockwise in figure 3 and examining the other assets (i.e. the short term

rate plus the bond-rolled and the bond held strategies), it is possible to conclude that

using an open-economy model produces no relevant differences for the risk in investing

in the short term asset and in the bond rolled and bond held strategies since there is no

significant change in the correspondent volatility. However, investing in US and converting

the proceeds in domestic currency is always the riskiest option for a German investor as

the annualized standard deviation of the returns of this additional asset is always higher

than the annualized standard deviation faced by investing in the domestic market.

In figure 4 we plot annualized standard deviations of real asset returns for a French

investor. As for stock market risk, looking at the upper-left panel of figure 4, it is clear

that taking into account US-France linkages lowers the risk. In fact, annualized standard

deviation of real stock market returns as extracted by the open-economy VAR(1) declines

from 20.6% to 14.7%, while for the closed-economy case it just decreases from 21.4%

to 16.4%. Annualized standard deviation of US stock returns expressed in francs/Euros
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surges starting from quarter 40, implying that it is much riskier for a French investor

to invest in US stocks rather than investing in the French stock markets (long horizon

standard deviation in the first case is 21% while 14.7% in the second). However, the

standard deviation of the domestic real stock returns extracted from the open-economy

model is still considerably higher than the standard deviation of returns obtained by

investing in the domestic short term asset or by investing in the domestic bond market

(this is true either for the bond held strategy or for the bond-rolled strategy). This means

that the open-economy specification does not lower dramatically the relative riskiness of

French stocks w.r.t. other French asset risks. Moreover, similarly to the German case,

the standard deviations of US returns from investing in the short term asset and in bonds

explode, once exchange rate risk is incorporated.

Finally, in figure 5 we plot annualized standard deviations of real asset returns for an

European investor. The upper-left panel of figure 5 shows that the standard deviation

of real stock returns extracted from the open-economy VAR starts low at the short end

of the investment horizon and then jumps after few quarters. This is the only case in

which an investor - in this case the European one - has a rationale to invest in the US

stock market as far as volatility is concerned. In fact, the standard deviation of US stocks

expressed in Euros sharply increases after 10 years (i.e. after 40 quarters) but remains

lower than the annualized standard deviation of European real stock returns extracted

from the open-economy VAR. As for Germany and France, the standard deviations of US

real returns from investing in the short term asset and in the bonds are much higher, once

expressed in domestic currency, than the standard deviation of the equivalent European

assets.

Summing up, our results confirm that stocks are always the riskier asset among all the

assets considered. Due to exchange rates risk, investing in US in 11 cases out 12 does not

decrease the risk faced by German, French and European investors. Hence, our analysis

points out some rationales - at least as far as risk is concerned - to home-bias for the
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categories of investments considered.

1.7 Robustness Test

In this section we test the null hypothesis that the US variables are block exogenous

in the specifications of the open-economy VAR.

The acceptance of the null would imply that US asset returns and predictors are not

influenced by the inclusion in the VAR system of the lagged values of asset returns and

predictors from a foreign country k.

The test specification is as 𝑇{𝑙𝑜𝑔∣Σ𝑢∣− 𝑙𝑜𝑔∣Σ𝑟∣} ∼ 𝜒2(𝑛1⋅𝑛2⋅ 𝑝), where Σ𝑢 and Σ𝑟 are,

respectively, the residuals variance-covariance matrices arising from the unrestricted and

the restricted VARs and (𝑛1⋅𝑛2⋅ 𝑝) are the number of restrictions. In our case, there are

36 restrictions since in the vector 𝑧𝑡 there are 6, i.e. n1, block-exogenous variables, 6,

i.e. n2, remaining variables and just 1, i.e. p, lag. The critical value for the test with 36

restrictions is 51 and, according to the results shown in table 9, we always reject the null

of block-exogeneity of the US variables.

1.8 Conclusions

Our analysis investigates German, France and European asset returns volatility and

compares it with US asset returns volatility. The main focus is stock market volatility.

Standard deviations are those implied by a VAR(1) model estimated in two specifications.

The first is the traditional closed-economy specification used, among others, by Campbell

and Viceira (2002, 2005) and Bec and Gollier (2008). The second is an open-economy

specification that aims to incorporate spill-over effects on financial markets and exchange

rates risk.
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Results from the first specification show that German and French stock returns have a

certain degree of predictability but not as strong as for US stock returns. In fact, the long

horizon annualized standard deviation of real US stock returns is much lower than the

standard deviations of German, French and European stock returns (7.6% vs, respectively,

13%, 16.4% and 18.5%).

Furthermore, results form the open-economy VAR imply that international financial

contagion increases stock market returns volatility. In fact, the annualized standard de-

viation of stock returns shifts upwards w.r.t. the closed-economy specification for US,

Germany and Europe and shifts downwards only for France. Hence, the results of open-

economy analysis provide support to home-bias in financial market investing, at least as

far as risk is concerned. As for the stock markets, we find that the risk of investing in

the US stock markets rather than in the domestic stock market is higher/not lower - once

exchange rates risk is considered - for French and German investors.

Our results have also a strong implication for assets allocation. In fact, in terms of

Solvency II regulation, our analysis implies that extension of the investment time-horizon

should not be a rationale for insurers to move asset allocation towards stocks.
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Table 1: Descriptive statistics for German asset log returns and forecasting variables

mean standard deviation

𝑟0 2.64 1.06

𝑥𝑒 5.16 20.30

𝑥𝑏 1.88 6.74

𝑟𝑛𝑜𝑚0 5.32 1.24

ldp -4.56 0.22

spr 1.04 0.74

Table 2: ADF Unit Root Tests-Germany

𝑟0 𝑥𝑒 𝑥𝑏 𝑟𝑛𝑜𝑚0 ldp spr

ADF stat -2.99(3) -11.23(0) -10.36(0) -3.98(1) -2.16(0) -2.74(0)

p-value 0.037 0.000 0.000 0.002 0.219 0.069

Number of autoregressive lags in parenthesis
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Table 3: Descriptive statistics for French asset log returns and forecasting variables

mean standard deviation

𝑟0 2.44 1.48

𝑥𝑒 4.76 22.94

𝑥𝑏 1.68 7.10

𝑟𝑛𝑜𝑚0 7.24 1.78

ldp -4.73 0.35

spr 0.88 0.62

Table 4: ADF Unit Root Tests-France

𝑟0 𝑥𝑒 𝑥𝑏 𝑟𝑛𝑜𝑚0 ldp spr

ADF stat -1.74(3) -10.63(0) -9.56(0) -1.97(1) -2.23(0) -3.73(0)

p-value 0.405 0.000 0.000 0.296 0.193 0.004

Number of autoregressive lags in parenthesis
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Table 5: Descriptive statistics for European asset log returns and forecasting variables

mean standard deviation

𝑟0 2.64 1.06

𝑥𝑒 9.12 19.44

𝑥𝑏 1.88 6.74

𝑟𝑛𝑜𝑚0 5.32 1.24

ldp -4.18 0.23

spr 1.04 0.74

Table 6: ADF Unit Root Tests-Europe

𝑟0 𝑥𝑒 𝑥𝑏 𝑟𝑛𝑜𝑚0 ldp spr

ADF stat -2.99(3) -10.32(0) -10.36(0) -3.98(1) -1.89(0) -2.74(0)

p-value 0.037 0.000 0.000 0.002 0.334 0.069

Number of autoregressive lags in parenthesis

31

Tesi di dottorato "ESSAYS IN EMPIRICAL FINANCE"
di NUCERA FEDERICO CALOGERO
discussa presso Università Commerciale Luigi Bocconi-Milano nell'anno 2011
La tesi è tutelata dalla normativa sul diritto d'autore(Legge 22 aprile 1941, n.633 e successive integrazioni e modifiche).
Sono comunque fatti salvi i diritti dell'università Commerciale Luigi Bocconi di riproduzione per scopi di ricerca e didattici, con citazione della fonte.



Table 7: Descriptive statistics for US asset log returns and forecasting variables

mean standard deviation

𝑟0 2.16 1.50

𝑥𝑒 6.48 17.10

𝑥𝑏 0.92 9.32

𝑟𝑛𝑜𝑚0 6.68 1.70

ldp -4.26 0.30

spr 0.52 0.86

Table 8: ADF Unit Root Tests-US

𝑟0 𝑥𝑒 𝑥𝑏 𝑟𝑛𝑜𝑚0 ldp spr

ADF stat -2.11(2) -10.99(0) -12.54(0) -2.39(5) -2.47(0) -4.19(5)

p-value 0.238 0.000 0.000 0.144 0.124 0.001

Number of autoregressive lags in parenthesis

Table 9: Block exogeneity test

VAR 𝜒2 𝜒2(𝑐𝑟𝑖𝑡)

US-GER 66 51

US-FR 89 51

US-EU 64 51
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Table 10: VAR US estimation results

𝑟0,𝑡 𝑥𝑒,𝑡 𝑥𝑏,𝑡 𝑟𝑛𝑜𝑚0,𝑡 𝑙𝑑𝑝𝑡 𝑠𝑝𝑟𝑡

𝑟0,𝑡−1 0.395 0.844 0.702 -0.125 -0.018 0.081

(0.084) (1.215) (0.682) (0.049) (0.012) (0.038)

[4.70] [0.69] [1.03] [-2.52] [-1.50] [2.10]

𝑥𝑒,𝑡−1 0.005 0.013 -0.096 0.006 -0.0002 -0.003

(0.006) (0.086) (0.048) (0.003) (0.0008) (0.002)

[0.95] [0.15] [-1.99] [1.94] [-0.32] [-1.25]

𝑥𝑏,𝑡−1 -0.0004 0.115 -0.099 0.003 -0.001 0.0008

(0.011) (0.169) (0.095) (0.007) (0.001) (0.005)

[-0.03] [0.68] [-1.04] [0.43] [-0.68] [0.15]

𝑟𝑛𝑜𝑚0,𝑡−1 0.542 -4.389 0.938 1.086 0.037 -0.103

(0.136) (1.978) (1.110) (0.081) (0.020) (0.062)

[3.97] [-2.21] [0.84] [13.38] [1.86] [-1.64]

𝑙𝑑𝑝𝑡−1 -0.132 12.337 -1.062 -0.069 0.908 0.097

(0.227) (3.299) (1.852) (0.135) (0.033) (0.104)

[-0.58] [3.73] [-0.57] [-0.51] [27.05] [0.92]

𝑠𝑝𝑟𝑡−1 0.608 -3.493 3.698 0.235 0.029 0.681

(0.207) (3.009) (1.689) (0.123) (0.030) (0.095)

[2.92] [-1.16] [2.18] [1.90] [0.97] [7.13]

c -0.012 0.616 -0.065 -0.004 -0.004 0.006

(0.011) (0.166) (0.093) (0.006) (0.001) (0.005)

[-1.07] [3.69] [-0.69] [-0.62] [-2.60] [1.12]

R-squared 0.47 0.13 0.08 0.85 0.92 0.66

Standard errors in () and t-statistics in [ ]
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Table 11: Standard deviations and correlations of residuals (VAR US)

𝑟0,𝑡 𝑥𝑒,𝑡 𝑥𝑏,𝑡 𝑟𝑛𝑜𝑚0,𝑡 𝑙𝑑𝑝𝑡 𝑠𝑝𝑟𝑡

𝑟0 0.562 0.235 0.214 0.094 -0.206 -0.179

𝑥𝑒 - 8.124 0.241 -0.233 -0.977 0.155

𝑥𝑏 - - 4.472 -0.637 -0.246 0.210

𝑟𝑛𝑜𝑚0 - - - 0.333 0.240 -0.883

𝑙𝑑𝑝𝑡 - - - - 0.082 -0.160

𝑠𝑝𝑟𝑡 - - - - - 0.258
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Table 12: VAR Germany estimation results

𝑟0,𝑡 𝑥𝑒,𝑡 𝑥𝑏,𝑡 𝑟𝑛𝑜𝑚0,𝑡 𝑙𝑑𝑝𝑡 𝑠𝑝𝑟𝑡

𝑟0,𝑡−1 0.170 -0.141 -1.381 0.038 0.003 -0.021

(0.089) (2.114) (0.680) (0.032) (0.023) (0.032)

[1.90] [-0.06] [-2.03] [1.96] [0.13] [-0.66]

𝑥𝑒,𝑡−1 -0.003 0.067 -0.015 -0.000003 -0.0003 0.0003

(0.003) (0.089) (0.028) (0.001) (0.001) (0.001)

[-0.98] [0.75] [-0.54] [0.002] [-0.34] [0.26]

𝑥𝑏,𝑡−1 -0.005 0.471 0.133 -0.017 -0.005 0.013

(0.011) (0.262) (0.084) (0.004) (0.002) (0.004)

[-0.48] [1.79] [1.58] [-4.50] [-1.98] [3.43]

𝑟𝑛𝑜𝑚0,𝑡−1 0.258 -1.214 1.851 0.909 -0.015 0.037

(0.089) (2.108) (0.678) (0.032) (0.023) (0.032)

[2.89] [-0.57] [2.72] [28.33] [-0.65] [1.15]

𝑙𝑑𝑝𝑡−1 -0.636 7.918 -0.517 0.039 0.894 -0.052

(0.193) (4.554) (1.466) (0.069) (0.050) (0.070)

[-3.29] [1.73] [-0.35] [0.56] [17.85] [-0.74]

𝑠𝑝𝑟𝑡−1 -0.232 1.989 3.422 0.022 -0.037 0.881

(0.144) (3.339) (1.094) (0.051) (0.037) (0.052)

[-1.61] [0.58] [3.12] [0.42] [-0.99] [16.72]

c -0.026 0.383 -0.043 0.002 -0.004 -0.002

(0.008) (0.207) (0.066) (0.003) (0.002) (0.003)

[-3.00] [1.84] [-0.65] [0.83] [-1.95] [-0.77]

R-squared 0.38 0.07 0.13 0.94 0.77 0.83

Standard errors in () and t-statistics in [ ]
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Table 13: Standard deviations and correlations of residuals (VAR Germany)

𝑟0,𝑡 𝑥𝑒,𝑡 𝑥𝑏,𝑡 𝑟𝑛𝑜𝑚0,𝑡 𝑙𝑑𝑝𝑡 𝑠𝑝𝑟𝑡

𝑟0 0.423 0.114 0.172 0.202 -0.108 -0.229

𝑥𝑒 - 9.949 -0.025 -0.034 -0.894 0.050

𝑥𝑏 - - 3.162 -0.328 0.049 -0.365

𝑟𝑛𝑜𝑚0 - - - 0.151 0.015 -0.753

𝑙𝑑𝑝𝑡 - - - - 0.110 -0.052

𝑠𝑝𝑟𝑡 - - - - - 0.154
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Table 14: VAR France estimation results

𝑟0,𝑡 𝑥𝑒,𝑡 𝑥𝑏,𝑡 𝑟𝑛𝑜𝑚0,𝑡 𝑙𝑑𝑝𝑡 𝑠𝑝𝑟𝑡

𝑟0,𝑡−1 0.694 5.043 1.031 -0.038 -0.075 -0.014

(0.070) (1.57) (0.511) (0.032) (0.016) (0.026)

[9.88] [3.20] [2.01] [-1.19] [-4.46] [-0.55]

𝑥𝑒,𝑡−1 -0.0002 0.114 -0.007 -0.0008 -0.0003 0.0009

(0.004) (0.090) (0.029) (0.001) (0.001) (0.001)

[-0.057] [1.26] [-0.26] [-0.46] [-0.40] [0.61]

𝑥𝑏,𝑡−1 0.005 0.190 0.125 -0.012 -0.002 0.008

(0.013) (0.296) (0.096) (0.006) (0.003) (0.005)

[0.03] [0.64] [1.30] [-2.08] [-0.73] [1.75]

𝑟𝑛𝑜𝑚0,𝑡−1 0.229 -5.546 -0.210 1.049 0.073 -0.033

(0.087) (1.961) (0.637) (0.039) (0.021) (0.033)

[2.61] [-2.82] [-0.32] [26.27] [3.50] [-1.01]

𝑙𝑑𝑝𝑡−1 -0.582 16.393 1.485 -0.213 0.762 0.135

(0.219) (4.913) (1.596) (0.100) (0.052) (0.083)

[-2.65] [3.33] [0.93] [-2.13] [14.49] [1.63]

𝑠𝑝𝑟𝑡−1 0.225 3.396 2.180 0.221 -0.020 0.736

(0.168) (3.763) (1.122) (0.076) (0.040) (0.063)

[1.33] [0.90] [1.78] [2.89] [-0.49] [11.57]

c -0.030 0.847 0.066 -0.011 -0.012 0.007

(0.011) (0.262) (0.085) (0.005) (0.002) (0.004)

[-2.59] [ 3.23] [0.78] [-2.11] [-4.27] [1.72]

R-squared 0.61 0.17 0.08 0.94 0.89 0.69

Standard errors in () and t-statistics in [ ]
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Table 15: Standard deviations and correlations of residuals (VAR France)

𝑟0,𝑡 𝑥𝑒,𝑡 𝑥𝑏,𝑡 𝑟𝑛𝑜𝑚0,𝑡 𝑙𝑑𝑝𝑡 𝑠𝑝𝑟𝑡

𝑟0 0.476 -0.209 0.228 0.228 0.148 -0.336

𝑥𝑒 - 10.67 0.162 -0.258 -0.870 0.163

𝑥𝑏 - - 3.464 -0.514 -0.149 -0.053

𝑟𝑛𝑜𝑚0 - - - 0.217 0.225 -0.822

𝑙𝑑𝑝𝑡 - - - - 0.114 -0.136

𝑠𝑝𝑟𝑡 - - - - - 0.180
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Table 16: VAR Europe estimation results

𝑟0,𝑡 𝑥𝑒,𝑡 𝑥𝑏,𝑡 𝑟𝑛𝑜𝑚0,𝑡 𝑙𝑑𝑝𝑡 𝑠𝑝𝑟𝑡

𝑟0,𝑡−1 0.251 -0.297 -1.052 0.033 -0.003 -0.024

(0.087) (1.888) (0.642) (0.030) (0.019) (0.030)

[2.85] [-0.15] [-1.63] [1.09] [-0.15] [-0.79]

𝑥𝑒,𝑡−1 0.005 0.022 -0.011 0.0004 0.0004 0.0002

(0.004) (0.089) (0.030) (0.001) (0.001) (0.001)

[1.23] [0.25] [-0.39] [0.27] [0.49] [0.14]

𝑥𝑏,𝑡−1 -0.010 0.250 0.122 -0.018 -0.006 0.014

(0.011) (0.247) (0.084) (0.004) (0.002) (0.004)

[-0.91] [1.01] [1.45] [-4.47] [-2.75] [3.47]

𝑟𝑛𝑜𝑚0,𝑡−1 0.227 -1.878 2.030 0.917 -0.0121 0.021

(0.096) (2.070) (0.704) (0.033) (0.021) (0.033)

[2.35] [-0.90] [2.88] [27.26] [-0.58] [0.62]

𝑙𝑑𝑝𝑡−1 -0.168 6.809 2.079 0.026 0.919 -0.110

(0.183) (3.933) (1.338) (0.063) (0.040) (0.064)

[-0.92] [1.73] [1.55] [0.41] [22.93] [-1.71]

𝑠𝑝𝑟𝑡−1 -0.197 3.994 4.216 0.024 -0.048 0.852

(0.158) (3.402) (1.157) (0.055) (0.034) (0.055)

[-1.24] [1.17] [3.64] [0.44] [-1.39] [15.26]

c -0.004 0.323 0.060 0.001 -0.003 -0.004

(0.007) (0.154) (0.052) (0.002) (0.001) (0.002)

[-0.66] [2.09] [1.14] [0.73] [-1.87] [-1.72]

R-squared 0.34 0.11 0.14 0.94 0.84 0.83

Standard errors in () and t-statistics in [ ]
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Table 17: Standard deviations and correlations of residuals (VAR Europe)

𝑟0,𝑡 𝑥𝑒,𝑡 𝑥𝑏,𝑡 𝑟𝑛𝑜𝑚0,𝑡 𝑙𝑑𝑝𝑡 𝑠𝑝𝑟𝑡

𝑟0 0.435 0.125 0.195 0.183 -0.133 -0.223

𝑥𝑒 - 9.327 0.141 -0.120 -0.762 0.020

𝑥𝑏 - - 3.162 -0.336 0.026 -0.349

𝑟𝑛𝑜𝑚0 - - - 0.151 0.009 -0.758

𝑙𝑑𝑝𝑡 - - - - 0.095 -0.032

𝑠𝑝𝑟𝑡 - - - - - 0.154
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Figure 1: Annualized standard deviations (percent) of real excess returns (US, GER, FR,

EU, closed-economy VAR)
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Figure 2: Annualized standard deviations (percent) of US real stock returns
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Figure 3: Annualized standard deviations (percent) of real asset returns for a German

investor

46

Tesi di dottorato "ESSAYS IN EMPIRICAL FINANCE"
di NUCERA FEDERICO CALOGERO
discussa presso Università Commerciale Luigi Bocconi-Milano nell'anno 2011
La tesi è tutelata dalla normativa sul diritto d'autore(Legge 22 aprile 1941, n.633 e successive integrazioni e modifiche).
Sono comunque fatti salvi i diritti dell'università Commerciale Luigi Bocconi di riproduzione per scopi di ricerca e didattici, con citazione della fonte.



0

4

8

12

16

20

24

10 20 30 40 50 60 70 80 90 100

Closed-economy VAR
Open-economy VAR
Open-economy VAR (US asset returns in ff)

French EQUITIES annualized standard deviation

A
n

n
u

a
liz

e
d

 s
ta

n
d

a
rd

 d
e

v
ia

ti
o

n
 (

%
)

Holding period, K (quarters)

0

4

8

12

16

20

24

10 20 30 40 50 60 70 80 90 100

French risk-free annualized standard deviation

A
n

n
u

a
liz

e
d

 s
ta

n
d

a
rd

 d
e

v
ia

ti
o

n
 (

%
)

Holding period, K (quarters)

0

4

8

12

16

20

24

10 20 30 40 50 60 70 80 90 100

French bond held strategy annualized standard deviation

A
n

n
u

a
liz

e
d

 s
ta

n
d

a
rd

 d
e

v
ia

ti
o

n
 (

%
)

Holding period, K (quarters)

0

4

8

12

16

20

24

10 20 30 40 50 60 70 80 90 100

French bond rolled strategy annualized standard deviation

A
n

n
u

a
liz

e
d

 s
ta

n
d

a
rd

 d
e

v
ia

ti
o

n
 (

%
)

Holding period, K (quarters)

Figure 4: Annualized standard deviations (percent) of real asset returns for a French

investor
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Figure 5: Annualized standard deviations (percent) of real asset returns for an European

investor
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The Performance of Currency Hedge Funds

and Foreign Exchange Risk Premia

Abstract

This study investigates the performance and risk of currency hedge funds from

1999 to 2009. Our results show that a substantial number of hedge funds generate

returns that exceed foreign exchange risk premia obtained through carry trades.

Small funds perform better than large funds and the best alpha-generating funds

exhibit a performance that persists over a one-year horizon. The returns associated

with portfolios of hedge funds constructed on the basis of the individual funds’

past performance are explained by currency risk-related factors and, only for the

best-performing ones, contain a remuneration for active management skills.

Keywords: hedge funds, foreign exchange; asset allocation, funds performance

evaluation.
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2.1 Introduction

In recent years the carry trade investment strategy has been under the scrutiny of the

empirical research. In fact, this popular foreign exchange trading strategy, which involves

borrowing in currencies with low interest rates and investing in currencies with high in-

terest rates, has proved profitable over the past decades. However, its positive record

violates the dictates of uncovered interest parity (UIP), which states that if investors are

risk neutral and form their expectations rationally, the interest rate differential across

countries should be fully offset by exchange rate returns.1 The profitability of the carry

trade strategy is associated with another stylized feature of exchange rates: their dynam-

ics are close to a random walk (RW). In fact, if exchange rates are unpredictable and

follow closely a RW, deviations from UIP should be predictable by means of interest rate

differentials (see, inter alia, Bacchetta and van Wincoop, 2007 and the references therein).

Hence, the overwhelming evidence indicating the lack of predictability of exchange rates

suggests that the profitability of the carry trade strategy is not surprising.2

The academic literature has proposed various rationalizations for the existence of

UIP violations and the profitability of carry trade strategies, including time-varying risk

premia (Engel 1984; Fama, 1984; Lustig et al., 2009; Menkhoff et al., 2010, and the refer-

ences therein), but the growing popularity of the carry trade strategy and its well-known

profitability have led to substantial growth of currency products designed to generate

additional returns, or alphas, to investors. Among those investment vehicles, currency

hedge funds (i.e., the ones whose main investment strategies involve exclusively direc-

1A non-exhaustive list of studies investigating the UIP condition and its implications includes Hansen

and Hodrick (1980; 1983), Fama (1984), Engel (1984; 1996), Lustig and Verdelhan (2007), Burnside et

al. (2008a,b), Lustig et al. (2009), Clarida et al. (2009), Menkohff et al. (2010), Ang and Chen (2010)

and the references therein.
2On the lack of predictability of nominal exchange rates, see Meese and Rogoff (1983), Obstfeld and

Rogoff (2000), Cheung et al. (2005a,b), Engel and West (2005), Sarno and Valente (2009) and the

references therein.
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tional trading on the price of currencies) experienced a rapid growth.3

Nevertheless, the profitability of currency hedge funds has been recently questioned.

Jylhä and Suominen (2010) documented that hedge funds actively engage in currency

speculation and the profitability of the carry trade strategy tends to decrease as the

number of hedge funds engaging in carry trades increases. These findings corroborate

the conclusions of Pojarliev and Levich (2008; 2009), who showed that professional cur-

rency managers generate returns that are mostly, if not exclusively, associated with näıve

currency-trading strategies, and the performance of currency hedge funds decreased dur-

ing the past decade. Some of these results are not novel per se since they have been

documented in other contexts. In fact, earlier studies showed that the best-performing

hedge funds outperform their benchmarks occasionally, their performance does not persist

over time, and a large proportion of hedge fund returns is associated with market-related

factors (see, inter alia, Fung and Hsieh, 1997; 1999; 2001; 2004a,b; Mitchell and Pulvino,

2001; Agarwal and Naik, 2004 and the references therein). As a corollary, hedge funds fees

seem to provide compensation for risk-taking rather than for exploiting glaring profitable

opportunities (Fung et al., 2008). Although the literature on hedge fund performance

evaluation is large, few studies have assessed the performance and risk of currency hedge

funds.

In this paper we combine these two somewhat separate strands of the literature and

investigate whether the returns generated by currency hedge funds are simply due to for-

eign exchange risk premia obtained through carry trades, by assuming that exchange rates

follow a RW, or include a compensation for genuine active management skills. Specifically,

we use a mean-variance analysis and consider the returns that an investor could generate

by constructing a portfolio of international bonds dynamically rebalanced assuming that

the agent adopts RW expectations, therefore by neglecting potential exchange rate move-

ments (i.e., the RW strategy). Such expectations are common among market practitioners

3For example, BarclayHedge reports that the Assets Under Management (AUM) of the funds consti-

tuting the Barclay Currency Traders Index (BCTI), one of the major benchmark in the foreign exchange

industry, increased by a factor of 7.5 during the period 1999-2007 reaching a value of USD 19 billion at

the end of 2007.
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and are routinely used in executing carry trade strategies (Bacchetta and van Wincoop,

2007).

We focus on two key questions. First, we ask whether the performance of the RW

strategy is better than the one exhibited by a sample of currency hedge funds over a

sufficiently long period. Second, when the previous exercise suggests evidence of incre-

mental performance beyond the RW strategy over the full sample period, we investigate

the performance persistence of currency hedge funds over time. We then provide a de-

composition of hedge fund excess return continuation in terms of exposures to currency

risk-related factors and active management skills.

Our results are as follows. First, we find that the RW strategy is able to deliver small

but positive net-of-all-fees returns over the sample period, amounting to 0.1 percent on

a monthly basis. Second, some, but not all, currency hedge funds perform better than

the RW strategy. Although the top 90 percent of the currency funds deliver an average

monthly alpha of 1.2 percent, there is evidence of negative alphas over the same sample

period for some currency hedge fund managers, with a minimum of −0.19 percent for the

bottom 10 percent of the funds. Third, the performance of the best funds against the

RW strategy tends to persist over time. Specifically, the funds that perform better than

the RW strategy during any past two years also outperform the RW strategy during the

subsequent year. Fourth, these extra returns generated by currency hedge funds over time

co-move with a set of currency risk-related factors and, for the best-performing funds only,

include a remuneration for active management skills. Fifth, the size of the outperformance

with respect to the RW strategy is larger for small funds, which seem to better manage

the trade-off between size and management costs.

Two important related papers are the studies by Pojarliev and Levich (2008; 2009).

They investigate the performance of currency hedge funds and find that their returns

are mostly correlated with popular foreign exchange rate strategies. They also find little

evidence of performance persistence, which is concentrated only in the fund managers’

investment style.

Our work differs from theirs in several respects. First, our goal is to compare the
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performance of currency hedge funds with respect to a simple benchmark that captures

foreign exchange risk premia obtained by assuming that investors adopt RW expectations,

a benchmark used in the exchange rate literature since the study by Meese and Rogoff

(1983) (see, inter alia, Sarno and Valente, 2009, and the references therein). Second, we

use a dataset of individual currency hedge funds spanning more than 10 years of monthly

data to investigate both how funds perform over the full sample period and conditionally

over time. Pojarliev and Levich (2008), using a subset of our dataset, investigate the

performance of the Barclay Currency Trader Index (BCTI) vis-à-vis a set of foreign

exchange strategies. They also analyze individual currency managers on the basis of the

only 34 individual currency funds that survived over the full sample period. In contrast,

our analysis investigates the performance of more than 140 currency funds and includes all

funds added or delisted from the BCTI during the sample period. Furthermore, Pojarliev

and Levich (2009) analyze the performance persistence using 58 hedge currency funds

managers over a 1-year period. In our paper, we study the performance persistence of

currency hedge funds using the same sample period and the same number of hedge funds

used in the full-sample analysis. This allows us to draw robust conclusions based on a

longer sample period and a larger number of hedge funds.

Third, on the methodological side, we improve on the analyses of Pojarliev and Levich

(2008, 2009) in that we evaluate the currency hedge funds performance with a boot-

strap approach recently proposed by Kosowski et al. (2006; 2007). This methodology is

particularly well suited in this context given the non-normality of individual-fund alpha

distributions and the heterogeneity in terms of strategy and risk-taking across currency

funds.4

Fourth, unlikely Pojarliev and Levich (2008; 2009), we decompose the excess return

continuation generated by our pool of currency hedge funds in terms of currency-related

risk factors and a remuneration for active management skills, and investigate the role of

4In a subsequent version of their paper Pojarliev and Levich (2010) extended their sample period to

three years and implemented a similar bootstrap technique to assess whether the lack of alpha for the

“live” managers and the negative alpha of the “dead” managers is due to chance. We thank Richard

Levich and Momtchil Pojarliev for point this to us.
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a fund’s size to determine its performance.

Another closely related paper is Jylhä and Suominen (2010), who propose a two-

country general equilibrium model with partially segmented financial markets where hedge

funds emerge endogenously. Their paper documents that hedge funds actively engage in

currency speculation by means of a carry trade strategy, which is similar to the RW strat-

egy adopted in this paper. Using aggregate data over the past 30 years, they find that the

carry trade strategy explains more than 16 percent of overall hedge fund index returns.

Our study differs from theirs in at least three ways. First, we compare the performance

of the RW strategy against the performance of individual funds, rather than aggregate

indices. Second, unlike Jylhä and Suominen (2010), we investigate only the subsample

of hedge funds whose main investment strategies involve exclusively directional trading

on the price of currencies, hence avoiding the contamination of strategies generally found

in global macro sector of hedge funds. Third, the main goal of this study is to explore

the features of the currency hedge funds’ performance over and above the RW strat-

egy, whereas Jylhä and Suominen (2010) investigate the contemporaneous co-movement

between hedge fund aggregate returns and those from the carry trade strategy.5

The reminder of the paper is organized as follows. Section 2.2 briefly outlines the

framework used to derive the net-of-all-fees returns of the RW benchmark in a mean-

variance setting, and Section 2.3 describes the dataset and some key institutional details

of the currency hedge fund industry. Section 2.4 provides the main empirical results. In

Section 2.5 we discuss an extensive set of robustness checks and the Section 2.6 concludes.

5Other related papers are by Cumby and Glen (1990) and Brown et al. (1999), who investigate the

performance of internationally diversified mutual funds and off-shore hedge funds, respectively. Our

study differs from these in at least two ways: First we focus only on currency hedge funds; therefore,

we do not consider funds that adopt currency overlay structures or those that invest in international

equities. Second, Cumby and Glen (1990) and Brown et al. (1999) do not consider the comparison with

an international benchmark capturing carry trade returns, which is the main goal of our paper.
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2.2 The Random Walk Strategy

In this section, we describe the framework for measuring the net-of-all-fees returns of

an international asset allocation strategy based on the forecasts of a RW model of exchange

rates. In particular, we assume that investors in the foreign exchange market adopt RW

expectations when forming their portfolios, thereby neglecting potential exchange rate

movements.

Consider a US investor who allocates her wealth on the basis of a dynamically re-

balanced portfolio by maximizing the conditional expected portfolio return subject to a

given volatility target (Della Corte et al., 2008; 2009; Thornton and Valente, 2010). The

investor allocates her wealth between a domestic bond with yield it and N foreign bonds

with yields i∗t expressed in local currency, where i∗t is a N × 1 vector of bond yields. The

foreign bond yields are converted into USD by using the prevailing exchange rate St+1,

expressed as the domestic price of foreign currency. At each period t the investor faces

the following constrained maximization problem

max
wt

Et(rp,t+1) = w′tEt(rt+1) + (1−w′t�)it

s.t. (�∗p)
2 = w′tΣr,twt (1)

where wt is the N × 1 vector of weights on the foreign bonds, � is a N × 1 vector of

ones, Et(rt+1) = Et

{[
(1 + i∗t )

St+1

St
− 1
]}

, a N × 1 vector of USD returns from investing

in foreign bonds, Σr,t is the conditional variance-covariance matrix of rt+1, and �∗p is the

volatility target of the portfolio returns.6

The solution to the constrained maximization problem (1) is

wt =
�∗p√
Ct

Σ−1
r,t

[
Et
(
r∗t+1

)
− �it

]
, (2)

where Ct =
[
Et
(
r∗t+1

)
− �it

]′
Σ−1

r,t

[
Et
(
r∗t+1

)
− �it

]
.

6Returns in the maximization problem (1) have been expressed in discrete terms to allow for a direct

comparison with the actual returns reported by currency hedge funds.
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Assuming that the investor rebalances the portfolio at the end of each month and

adopts RW expectations,

St+1

St
= 1 + �t+1 and �t+1 ∼ NIID [0,Σ�,t] , (3)

then equation (2) simplifies to

wRW
t =

�∗p√
CRW
t

Σ−1
�,t [i∗t − �it] , (4)

since Et(rt+1) = i∗t and CRW
t = [i∗t − �it]

′Σ−1
�,t [i∗t − �it]. Once the weights wRW

t are ob-

tained, the realized portfolio returns of the RW strategy (4) are computed as

rRWp,t+1 = wRW
t ’

[
(1 + i∗t )

St+1

St
− 1

]
+ (1−wRW

t ’�)it =

= wRW
t ’rt+1 + (1−wRW

t ’�)it (5)

To account for transaction costs, bid and ask prices are applied to equation (5) as follows:

rRW,np,t+1 =

⎧⎨⎩ wRW
t ’rnt+1 + (1−wRW

t ’�)iat if (1−wRW
t ’�) < 0

wRW
t ’rnt+1 + (1−wRW

t ’�)ibt if (1−wRW
t ’�) > 0

, (6)

where the net returns for currency j, rj,nt+1 included in the vector rnt+1 are equal to

[(
1 + ij,bt

)
Sj,bt+1

Sj,at
− 1

]
if wjt > 0 and

[(
1 + ij,at

) Sj,at+1

Sj,bt
− 1

]
if wjt < 0. Finally, to make the returns from the RW

strategy comparable with the ones reported by the hedge funds in our sample, we also

deduct realistic management fees computed as a fixed 20 percent of the annual returns

generated by the RW strategy net of transaction costs. We denote the net-of-all-fees

returns from the RW strategy as rRW,allp,t+1 and use it throughout this paper.

Constructing the portfolio weights of the RW strategy requires the current values of

interest rate differentials between the US and 10 foreign countries7, i∗t − �it, and estimates

of the conditional variances and covariances of the 10 bilateral USD exchange rate changes,

7The 10 currencies and further details on the data used in the empirical investigation are reported in

the Section 2.3.
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Σ�,t. In our empirical investigation we compute the conditional variances and covariances

as the previous 12-month realized variances and covariances respectively.8,9

We also set a monthly volatility target, �∗p, equal to 3.28 percent, which is the aver-

age cross-sectional monthly volatility exhibited by the universe of currency hedge funds

over the sample period (reported in Table 1) to make the returns from the RW strategy

comparable, in terms of their overall risk, with the average currency hedge fund.

2.3 Data and Summary Statistics

The hedge fund data used in this paper are from the Barclay Currency Database

(BCD), a product of BarclayHedge, a data provider specializing in hedge funds. To the

best of our knowledge, the BCD is the only specialized hedge fund database that focuses

on funds whose main investment strategies involve exclusively directional trading on the

price of currencies (in both the spot and the derivative markets). BarclayHedge also

publicizes the Barclay Currency Traders Index (BCTI), a proprietary hedge fund index

and one of the major benchmarks in the foreign exchange industry. All currency hedge

funds used in the empirical investigation are constituents of the BCTI, with at least 12

months of history.

Hedge funds are private investment vehicles typically organized as limited partner-

ships, in which investors and managers are limited and general partners, respectively.

Among this group of funds, currency funds are structured as hedge fund partnerships

8In particular, for each US dollar exchange rate, we computed the realized monthly variance as the

monthly average of the daily quantity [(St/St−1)− 1]
2
, where St is the level of the end-of-day spot

bilateral exchange rate. Similarly, for each pair of exchange rates j and ℎ we computed the monthly

realized covariance as the monthly average of the daily quantity
[(
Sjt /S

j
t−1

)
− 1
]
⋅
[(
Sℎt /S

ℎ
t−1

)
− 1
]
.

9We also performed some robustness checks using 1) different windows of past observations to compute

realized variances and covariances and 2) a different way to estimate conditional variances and covariances

by using the sample monthly variance and covariance using daily data over each month. The results of

these robustness (available upon request) show that the findings reported in the following sections do not

hinge on how we estimate conditional variances and covariances.
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and are managed by commodity trading advisors (CTAs). CTAs are firms or individuals

who handle customer funds or provide advice for trading futures contracts or options

on futures contracts. CTAs often conduct transactions in the over-the-counter security

markets, especially in derivative instruments (i.e. currency futures and options). The

universe of currency hedge funds in our study consists mostly of CTA-managed funds.

This is not a limitation since the growth of financial derivatives in the past decades has

blurred the distinction between traditional hedge funds and CTA-managed funds (Fung

and Hsieh, 1999). Moreover, the growth of the futures market globally has driven futures

contracts as one of the main instruments of risk management for hedge funds managers.

The sample of funds in our study covers 145 currency funds over the period January

1999-January 2009. The number of funds available ranges between 50 in January 1999

and 139 reporting funds in January 2009. Although it is difficult to quantify the size of the

currency hedge fund sector within the hedge fund industry, to the best of our knowledge,

the BCD exhibits one of the best coverages of currency managers.10 For example, the

overall size of the assets under management (AUM) of the funds constituting the BCTI

exhibits a value of 19 USD billion at the end of 2007. Although the total amount of

capital devoted to currency hedge funds is likely to be larger, since the BCTI does not

include the complete universe of currency hedge funds, the figures reported at the end

of 2007 are comparable with the size of the fixed-income arbitrage sector investigated in

recent studies (Duarte et al., 2006).

Among the 145 currency funds analyzed, 118 disclose some details of their strategies:

41 funds indicate that their trades are based on fundamentals, while the remaining 77

rely on technical rules. Furthermore, 94 funds also report details of their second strategy.

Among these 94 funds, more than 50 percent use systematic rules likely based on algorithm

trading: the remaining funds are equally split among funds that rely on the currency

manager’s discretion and funds that use other technical rules. In all cases, the funds

explicitly or implicitly state that they use models or rules based on exchange rate forecasts

10This is further confirmed by anecdotal evidence provided by major international foreign exchange

dealers during informal conversations.
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(for spot and derivatives) to inform their trading.

The BCD contains monthly returns for all reporting funds net of all fees; 94 percent

of the funds report their returns in USD and the remaining 6 percent of funds report

returns in other currencies. To avoid potential biases related to conversion of foreign

currency returns into USD, our baseline estimations are carried out eliminating the funds

that report their returns in currencies other than the USD.11

The empirical analysis in the paper also uses monthly data for the 10 most-liquid

currencies as reported in the triennial survey of the Bank for International Settlements

(2007), namely, the euro, the Japanese yen, the British pound, the Swiss franc, the

Canadian dollar, the Australian dollar, the New Zealand dollar, the Swedish krona, the

Norwegian krone, and the Danish krone. Over the same sample period covered by the

BCD, we use end-of-month spot USD exchange rates and 1-month eurodeposit rates

obtained from the Reuters Datastream database.

Table 1 reports the descriptive statistics for the monthly excess returns exhibited

by the sample of currency hedge funds and the RW strategy, computed as the difference

between the net returns exhibited by currency funds or rRW,allp,t+1 and the 1-month US deposit

rate. The reported figures for currency funds are cross-sectional measures of the individual

statistics computed for each fund over the full sample period. The cross section of currency

hedge funds shows an average monthly excess return of 0.7 percent over the sample period;

this is associated with a monthly standard deviation (SD) of 3.28 percent. The cross

section of currency funds also exhibits an average monthly Sharpe ratio of 0.25. The cross-

sectional distribution of currency fund Sharpe ratios is mildly positively skewed (with a

skewness coefficient of 0.19) and exhibits fat tails (with an excess kurtosis of 1.99). This

suggests that although the average cross-sectional Sharpe ratio is equal to 0.25, there is

a non-negligible fraction of currency funds that can deliver a better performance than

the average fund. Similar cross-sectional statistics are reported for the size of the funds

11We have also carried out the estimations including the funds reporting non-USD returns. In this

case, we preliminarily converted the returns into USD by applying the prevailing end-of-month bilateral

spot exchange rate. The results obtained with the full sample of currency hedge funds are qualitatively

and quantitatively similar to the baseline estimations.
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in terms of AUM. The average (median) cross-sectional AUM over the sample period

equal USD 98 (28) million. The cross-sectional distribution of the average AUM is also

positively skewed (with a skewness coefficient of 4.19) and exhibits substantial fat tails

(excess kurtosis equals 19.45). This result is not surprising since it is well known that

currency funds can exhibit average AUM larger than USD 300 million, and the size of

AUM by a few funds can be quite large.12

The RW strategy records an average monthly excess return of 0.1 percent associated

with a monthly SD close to the monthly target volatility of 3.3 percent. The small net-

of-all-fees returns exhibited by the RW strategies confirm the importance of transaction

costs in computing the profits from carry trades. These results are in line with those of

Burnside et al. (2006), who record that foreign exchange market frictions greatly reduce

the profitability of currency speculation strategies. Nevertheless, the Sharpe ratio reported

in the last column of the RW strategy statistics suggests that the average currency fund

can outperform the RW strategy even when all fees and transaction costs are explicitly

considered.

It is noteworthy that the distribution of currency funds and the RW strategy returns

are quite different. In fact, the currency funds excess returns exhibit a positive skewness,

while the RW strategy excess returns are negatively skewed. The positive skewness for

currency funds may be related to their use of currency derivatives to reduce the impact

of downside risk or it may simply reflect possible biases in reporting funds returns (Aiken

et al., 2010).13

For reference, the last three lines of Table 1 report some descriptive statistics relative

to the cross-section of the 10 currency excess returns over the same sample period. The

figures reported agree with those recently reported by Lustig et al. (2009) and Menkhoff

et al. (2010).14

12The largest fund in our sample exhibits an average AUM of USD 1.4 billion.
13The robustness of our results to various biases affecting hedge funds returns is investigated in

Section 2.5.
14Currency excess returns are computed without considering the impact of transaction costs and man-

agement fees.
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2.4 Empirical Results

Performance Evaluation Over the Full Sample Period

In this sub-section, we evaluate the ability of currency hedge funds to deliver extra returns

beyond the benchmark represented by the returns of the RW strategy. We regress the

monthly excess returns of each currency fund k on the excess returns earned by the RW

strategy, denoted as

Rk,t = �k + �kR
RW,all
p,t + ek,t, (7)

where Rk,t = rk,t − it denotes the excess return of the hedge fund k and RRW,all
p,t =

rRW,allp,t − it is the excess return from the RW strategy. The parameters �k and �k denote

the alpha performance measure and the loading parameter of the currency fund k on the

RW benchmark, respectively. A positive intercept �k can be interpreted as the average

abnormal performance over and above the RW strategy. The larger (and more statistically

significant) �k is, the better the performance of the currency fund k with respect to the

RW strategy. The parameter �k captures the co-movement between the actual returns

exhibited by the currency fund k and those of the RW strategy.

Equation (7) is routinely used in the literature on funds performance evaluation; sev-

eral studies have suggested that it is difficult to make a correct inference on the perfor-

mance parameter �k using conventional statistical theory (Kosowski et al., 2006, and the

references therein). In fact, individual hedge fund returns (and hedge fund alphas) are

generally non-normal and characterized by large cross-sectional variation. Furthermore,

fund returns time series are generally available over short periods and the heterogeneity

in terms of strategy and risk-taking across currency funds makes the choice of a single

benchmark somewhat difficult. Incorrect benchmarks and short sample availability result

in potential model mis-specifications and small-sample biases.

To account for these econometric problems, we adopt the bootstrap approach pro-

posed by Kosowski et al. (2006; 2007). In essence, we seek to determine whether any
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fund’s abnormal performance over and above the RW strategy is due to genuine manage-

ment skills or is an artifact of luck. In the latter case, any recorded positive abnormal

performance arises solely due to sample variability. The bootstrap approach proposed by

Kosowski et al. (2006; 2007) allows us to control for sample variability without imposing

specific parametric distributions for fund returns. Hence, this methodology is flexible

enough to take into account the statistical difficulties in hedge fund returns and provides

an adequate inference on the performance parameter �k.
15

Specifically, we compare the realized performance of currency hedge funds with the

simulated performance of the same funds where the cross-sectional variability in fund

performance is due to sample variability or luck. We first estimate �̂k, �̂k and êk,t by

ordinary least square (OLS). For each fund k, we then store the coefficient estimates,{
�̂k, �̂k

}
, the t-statistics of �̂k, denoted as t̂�̂k ,

16 and the time series of the estimated

residual, êk,t, for all t = TkF , ..., TkL, where TkF and TkL are the dates of the first and

the last monthly returns available for fund k, respectively. Subsequently, we draw a

sample with replacement from the fund k residuals to create a time series of resampled

residuals êbk,tb , where tb = sb1, .., s
b
T denotes the resampling of the residual in the bootstrap

iteration b = 1, 2, ..., B with B = 1, 000. For each iteration b, we construct a time series of

bootstrapped monthly excess returns for each fund, by imposing the null hypothesis of no

abnormal performance (i.e., �k = 0 and t�k = 0) and simulate Rk,t = �̂kR
RW,all
p,t + êk,tb .

17

The comparison is then carried out between the estimates from equation (7) and the

distributions of the statistics �̂k and t̂�̂k constructed by bootstrapping that result only

from sampling variation.18

15See also Pastor and Stambaugh (2002) for a Bayesian treatment of the potential biases in funds

performance evaluation.
16Following previous studies, we use the measure t�k

in addition to �k since the former provides a robust

correction for outliers by normalizing the estimated �k by means of its estimated precision (Kosowski et

al., 2006; 2007).
17Note that, as in Kosowski et al. (2006; 2007), for each fund k, the sample drawn has the same length

as the original residuals time series and the cross-correlation properties of the series are maintained by

resampling residuals for any selected bootstrap sequence across all funds.
18Before the estimation of equation (7), we also tested for normality, heteroskedasticity, and serial
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The results of the performance evaluation for the full sample period are reported in

Table 2. We rank the currency funds in terms of �̂k (Panel A) and t̂�̂k (Panel B). The

results are reported for all deciles between the lowest 10 percent (10% in Table 2) and

the top 10 percent (90%). The results in Panel A show that the magnitude of abnormal

performance with respect to the RW strategy is heterogeneous in the cross section of

currency hedge funds. The estimated average monthly alphas range between −0.193

percent (lowest 10 percent) and 1.267 percent (top 10 percent). Furthermore, 90 percent

of the currency funds under investigation generate positive �̂k. These results are confirmed

in Panel B, which reports estimated t-statistics of �̂k that range between −0.506 (lowest

10 percent) and 2.927 (top 10 percent).

The second and third rows of each panel report the p-values for the null hypothesis

that �̂k = 0 (or t̂�̂k = 0) assuming that êk,t are normally distributed and using the

cross-sectional bootstrap procedure previously outlined, respectively. If the estimates are

assessed on the basis of the p-values in the second row, only the top 30 percent of the

currency hedge funds exhibit a statistically significant abnormal performance. However, if

we use the inference provided by the bootstrap, all �̂k and t̂�̂k are statistically significant

at the conventional statistical level. The results suggest that the top funds substantially

outperform the RW strategy and the funds in the lowest decile show a performance that,

albeit negative, is better than the one achievable as a mere outcome of bad luck, which

would otherwise be even more negative. The negative and statistically significant �̂k for

the lowest decile suggests that the currency managers of those funds are able to generate

returns close to those of the RW strategy but insufficient to offset their management fees.

To further illustrate these results, Figure 1 plots the kernel densities of estimated

alphas and t-statistics of �̂k against their bootstrapped counterparts.19 In both cases,

correlation of the currency fund residuals ek,t. The results indicate that fund residuals are non-nomal,

heteroskedastic and moderately serially correlated. This, in turn, corroborates the fact that currency

fund residuals ek,t are characterized by complex non-normal distributions: therefore, an evaluation of

equation (7) based on conventional inference may lead to an incorrect interpretation of the estimated �̂k

and t̂�̂k
.

19The smoothed kernel densities shown in Figure 1 were computed with the bandwidth parameter
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the actual densities exhibit a larger mass toward the right tail than the bootstrapped

densities. The difference is more pronounced in the case of �̂k, but it is also sizable when

the effect of potential outliers is taken into account in the case of t̂�̂k . These findings

corroborate the evidence reported in Table 2; there is evidence of abnormal performance

of currency hedge funds above that recorded by the RW strategy. However, some, but

not all, funds are able to outperform the benchmark if transaction costs and management

fees are explicitly included in the computation of returns. Stated differently, the evidence

of outperformance of currency funds over and above the RW strategy over the full sample

period cannot be attributed to luck or sample variability. Indeed, there is clear evidence

that a non-negligible fraction of hedge funds in our sample is generating returns that are

higher than foreign exchange risk premia obtained through carry trades.

Performance Persistence

This sub-section examines whether successful past-performing funds also continue to out-

perform the RW strategy in the following years.

Persistence in funds performance has been largely investigated in various contexts

(see, inter alia, Lynch and Musto, 2003; Cohen et al., 2005; Mamaysky et al., 2008 and

the references therein). Carhart (1997) proposes an empirical framework to determine

whether the performance of funds above a given benchmark persists over a 1- to 3-year

period. We adopt this approach in that we sort all currency funds k in January of each

year into five equally-weighted portfolios, q = 1, ..., 5, based on alphas estimated from

equation (7) over the previous two years (�̂k,y−2) and then track the performance of these

portfolios over the next year y as follows20:

Rq,y = �q,y + �q,yR
RW,all
p,y + �q,y q = 1, ...5, y = 2001, ..., 2009, (8)

where Rq,y denotes the excess return from portfolio q over the test year y, and we impose

selected as in Silverman (1986). For further details, see Pagan and Ullah (1999, Ch. 2).
20In Section 2.5 we also report results where 1) funds are sorted into portfolios according to their

past-year �̂k,y−1 and their future performance is monitored over the subsequent year and 2) funds are

sorted into portfolios according to their past-two-year �̂k,y−2 and their future performance is monitored

over the subsequent two years.
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that portfolio q = 1 contains currency funds with low estimated �̂k,y−2 (i.e. the previous

two-years “losers”), while portfolio q = 5 contains currency funds with high estimated

�̂k,y−2 (i.e. the previous two-years “winners”). Equation (8) is estimated to obtain portfo-

lio alphas �̂q,y over each test year y = 2001, ..., 2009 and, for each portfolio q, we take the

average of the resulting alphas over the full period. A bootstrap procedure similar to the

one used in Section 2.3 is also implemented to carry out the inference on the estimated

portfolio alphas.21

The results of this exercise are shown in Table 3. The performance of the top three

portfolios (q = 3, 4, 5) is positive and statistically significant at the conventional statistical

level. The top-ranked portfolio and the next best-performing portfolio generate monthly

alphas of 0.60 and 0.27 percent, respectively. Both numbers are significant using either

the cross-sectionally bootstrapped p-values (reported in the last two columns of Table 3)

or the p-values that correspond to a simple t-test (reported in the third column of Table

3). The remaining two portfolios exhibit alpha estimates that are positive but smaller in

magnitude.

Overall, this evidence suggests that the positive performance of a large fraction of

currency funds over and above the RW strategy reported in Table 2 is generally com-

plemented by performance persistence over time. However, the evidence in Table 3 also

suggests that only the best-performing funds are able to deliver a sizable and consistent

performance above the RW strategy over time and the alpha returns of the best funds are

roughly twice as large as those of the other currency hedge funds.

Risk/skill Performance Attribution

The results thus far have shown that a substantial portion of currency hedge funds can

generate returns that exceed foreign exchange risk premia obtained through carry trades.

Furthermore, the performance of the best funds tends to persist over a one-year horizon.

21In particular, we bootstrap currency fund excess returns during each test year y using the estimates

�̂k,y−2 and êk,y−2 computed over the previous two years under the null of no abnormal performance, that

is �k,y−2 = 0. Then we form the five portfolios q and estimate their alphas over the test year. For further

details, see Kosowski et al. (2006, Section V).
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An important question still remains: What is the source of the abnormal returns exhibited

by the best currency funds over time? In order to address this question, we investigate

whether 1) the excess return continuation generated by the best-performing funds is sim-

ply the result of a given exposure to risk factors, or 2) it also contains a remuneration for

active management skills, or a combination of both.

We use the excess returns generated by the 5 portfolios obtained by sorting funds on

the basis of their previous performance, and assess whether their dynamics are associated

with various currency-related risk factors and contain a remuneration due to the value of

active management. In line with Ferson and Schadt (1996), Avramov and Werner (2006),

Mamaysky et al. (2008) and Patton and Ramadorai (2010), we use the following linear

factor model:

Rq,y = �S,q +
M∑
m=1

�q,mFm,t + "q,y q = 1, ...5, (9)

where Fm,t denotes the risk factor m, �q,m is the exposure to the risk factor m, and �S,q

denotes the active management skill component of excess returns.

Before the estimation of equation (9), we select a set of currency-related risk factors

that may affect the excess returns generated by currency strategies. A recent growing

strand of literature documents that the cross section of foreign exchange excess returns

can be explained by various factors. Lustig et al. (2009) show that the average dollar

excess return (DOLt) explains about 70 percent of the common variation of currency

excess returns, while a second factor, labeled HMLFXt , measuring the component of the

stochastic discount factor that is common across countries, explains an additional 12

percent. In a similar fashion, Menkhoff et al. (2010) document that a global volatility

factor explains more than 90 percent of the return spread in carry trade portfolios. This

evidence is complemented by Mancini et al. (2009) and Menkhoff et al. (2010), who find

that global illiquidity factors can successfully explain both the time-series and the cross-

sectional variation of currency excess returns. Furthermore, Patton and Ramadorai (2010)

also document that systematic risk exposures are associated with liquidity dynamics.

Finally, Pojarliev and Levich (2008) and Lustig et al. (2009) suggest that momentum
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strategies returns are strongly correlated with hedge fund returns and carry risk factors

that can account for at least 50 percent of the cross-sectional variation of momentum-

driven currency returns.

In line with these recent studies, we select a set of risk factors that includes 1) the

average dollar excess return DOLt, 2) HMLFXt , 3) a global volatility factor (GV OLt), 4)

a global illiquidity factor (GILLIQt), and 5) a currency momentum factor (MOMt).
22

As a control variable, we also add a proxy for the leverage of US financial intermediaries,

following Adrian et al. (2009) who find that it is able to explain the dynamics of foreign

exchange returns, and Patton and Ramadorai (2010) who note that the systematic risk

exposures of hedge funds depend upon the level of leverage they choose.

Some of the selected risk factors are not expressed in terms of returns and are non-

tradable, hence it is difficult to interpret the estimated �S,q in equation (9) as remuner-

ation for active management. To account for this issue, we follow Ang et al. (2006) and

Menkhoff et al. (2010) and construct factor-mimicking portfolios of global volatility and

global illiquidity innovations. Since volatility and illiquidity are somewhat correlated,

leading to potential multicollinearity and identification issues, we compute orthogonal in-

novations on global volatility and global illiquidity. In particular, we run a monthly vector

autoregressive (VAR) model comprising GV OLt and GILLIQt, where the lag length is

selected using conventional information criteria. The residuals from the estimated VAR

are then orthogonalized using a Cholesky decomposition and projected onto the five carry

trade portfolio excess returns, crxℎt+1, ℎ = 1, ..., 5 computed as in Lustig et al. (2009)23,24

ΔXt+1 = a+
5∑

ℎ=1

bℎ ⋅ crxℎt+1 + et, (10)

where ΔXt+1 is either equal to the orthogonalized global volatility innovations or the illiq-

uidity innovations, respectively. The returns from the volatility- and liquidity-mimicking

22Full details of the risk factor data construction are provided in Appendix 2.8.
23A detailed description of the construction of the carry trade portfolio returns is provided in the

Appendix.
24We have also computed orthogonalized innovations by inverting the order of the two variables in the

VAR. The results are quantitatively and qualitatively similar to the ones reported in this section.
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portfolios are given by the mean of the traded portfolio â +
∑5

ℎ=1 b̂ℎ ⋅ crxℎt+1 and are

denoted by ˆGV OLt and ˆGILLIQt, respectively.

The results of the mimicking portfolio estimations are in line with those of Menkhoff

et al. (2010). We find that when regressing the global volatility innovations on the

five carry trade portfolios’ excess returns, the sign of parameters bℎ are positive with

the exception of ℎ = 1, the portfolio that is able to provide a hedge against volatility

innovations. A qualitatively similar pattern is found for the illiquidity innovations. The

sample correlation between ˆGV OLt and either ˆGILLIQt or HMLFXt is equal to 0.55

and −0.91, respectively. This finding suggests that some of the three factors may be

redundant since they serve as proxies for the same information. In fact, Menkhoff et al.

(2010) show that although HMLFXt dominates volatility innovations in the cross section

of carry trade portfolios, it is not clear that it equally dominates in terms of lower pricing

errors. Furthermore, it is well known that volatility and illiquidity are highly correlated for

individual securities: Bandi et al. (2008) document that volatility dominates illiquidity in

the cross section of US stock returns. Hence, in light of these considerations and consistent

with Menkhoff et al. (2010), we continue the empirical analysis with a reduced number

of risk factors, including ˆGV OLt, DOLt and MOMt.
25

The estimates of equation (9) for all five portfolios of currency hedge funds are reported

in Table 4. For each portfolio q we estimate four different empirical specifications by

adding to ˆGV OLt one factor at a time. Therefore, our specifications encompass most of

the relevant cases, including the one where all factors are jointly considered.

The empirical results show some interesting patterns. First, all portfolios show a

positive and statistically significant exposure to DOLt and MOMt. While the loadings

on DOLt are fairly constant across portfolios, the loadings on MOMt seem to be higher

in the first and the last portfolio compared with the intermediate ones. These results are

not surprising. In fact, currency funds returns are reported in USD, hence their value

25As an additional check, we also included both ˆGV OLt and ˆGILLIQt in equation (9). The estimated

exposures to ˆGILLIQt are statistically insignificant across the different specifications and the various

portfolios.
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should be mechanically associated with the level of USD excess returns. Furthermore,

the significant loading on MOMt is consistent with the early findings by Pojarliev and

Levich (2008) and Asness et al. (2009) who show that currency hedge fund indices are

significantly associated with returns from currency momentum strategies and momentum

returns in one asset class are positively associated with momentum returns in other asset

classes in international markets.

The exposure to ˆGV OLt is negative and generally increases in value from portfolio

q = 1 to portfolio q = 5, but it is significant at the conventional statistical level only

in the last two portfolios, q = 4, 5. The evidence of a negative ˆGV OLt exposure can be

interpreted in light of Ang et al. (2006) and Menkhoff et al. (2010), who report negative

factor price estimates that directly translate into higher (lower) risk premia for portfolios

that co-move negatively (positively) with volatility. Hence, the risk factor exposures in

Table 4 suggest that the best-performing funds chose investment strategies that did not

hedge against volatility to increase their returns (i.e, risk premia).

Finally, the skill components �S,q are statistically significant only for the portfolio with

the best-performing funds, q = 5.

The decomposition of portfolio excess returns into risk premia and compensation for

active management skills is plotted in Figure 2. Following Ibbotson et al. (2006), we de-

compose the average annualized excess returns from hedge fund portfolios into 1) system-

atic risk exposures, computed as the product between the estimated parameters �̂q,m and

the average value of the risk factor E (Fm,t), that is
∑M

m=1 �̂q,m ⋅E (Fm,t), and 2) the com-

pensation for active management skills, computed as the residual E (Rq,y)−
∑M

m=1 �̂q,m ⋅
E (Fm,t) .

The results shown in Figure 2 corroborate the findings in Table 4, as it is evident

that for the first four portfolios of hedge funds, most of the excess returns are driven by

systematic exposures to risk factors. The only exception is represented by the portfolio

q = 5, whose annualized excess return can be equally divided into systematic exposures

to risk factors and a remuneration for active management. In particular, the annualized

excess return of 7.0 percent generated by the portfolio of best-performing funds above the
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RW strategy over time consists of a 3.5 percent excess return obtained as a compensation

for risk and a similar amount generated for active management skills.

Figure 2 captures the average effect of risk and skills on funds performance. How-

ever, we can gauge further insights by computing �S,q over time using a 24-month rolling

window, as in Avramov et al. (2010). The results (plotted in Figure 3) show that all

portfolios, with the exception of portfolio q = 5, generate large and positive alphas at the

beginning of the sample period but smaller, and in some cases negative, alphas at the end

of the sample period. This evidence is consistent with the finding of Pojarliev and Levich

(2008), who reported a decrease in the overall returns realized by currency hedge funds

over the past decade. Furthermore, portfolios q = 1, 2 experienced large negative alphas

since 2005, a pattern that is not shared by portfolios q = 4, 5, which maintained a small

but positive alpha over the same sample period. The negative alphas recorded for the first

two portfolios (and marginally for portfolio q = 3) mirror the reduced performance of the

entire hedge fund industry in 2004-05 when hedge fund returns shrank by 50 percent with

respect to the 2003 levels (EDHEC-Risk, 2009 p. 10).

2.5 Robustness

This section checks the robustness of the baseline results reported in Section 2.4.

More specifically, we test whether our results are sensitive to 1) existing biases in funds

returns (incubation and backfill biases), 2) alternative bootstrapping resampling proce-

dures, which takes into account the short-term serial correlation of funds returns and the

joint resampling of residuals and benchmark, and 3) various sample windows used to con-

struct currency fund portfolios and assess the funds’ performance persistence. We show

that our main results are robust to all these issues. Finally, we also refine our baseline

results by investigating the relationship between the size of currency hedge funds and

their performance.
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Biases in Currency Fund Returns

Our first robustness check relates to biases peculiar to hedge fund returns: incubation

and backfill biases. Hedge funds often incubate their funds with their own money before

seeking outside investors. Hedge funds also tend to report returns from periods before

their inclusion in the database; this is more likely when returns are positive and large in

magnitude. Since hedge fund inclusion in databases occurs on a voluntary basis, funds

with a poor performance have no incentive to report their performance. Both biases act

similarly and overrepresent positive returns, especially during the first part of the sample

of each individual fund’s records. To test for the presence of incubation and backfill biases,

we exclude the first 12 months of data for each fund and repeat a fraction of the empirical

analysis previously reported. The results of this exercise (Table 5), confirm that incuba-

tion and backfill biases do not affect quantitatively and qualitatively the results obtained.

Bootstrap Amendments

On the methodological side, we perform two additional robustness checks to test the

effect of time-series dependence in the residuals from equation (7) and the importance

of sampling residuals and benchmark contemporaneously. To address the first issue, we

implemented a variant of the block bootstrap (Politis and Romano 1994; Politis et al.

1999). More specifically, during any iteration b = 1, 2, ..., B of the bootstrap procedure

the resampling of the residuals occurs in blocks of a certain length. This block bootstrap

allows the preservation of the time-series properties of the residuals, especially their se-

rial correlation.26 The results of this exercise (reported in Table 6) show that the serial

correlation present in the residuals from equation (7) does not affect the findings of the

baseline results.

We also implemented a variant of the cross-sectional bootstrap already described to

allow for the possibility of joint resampling of �̂k ⋅ RRW,all
p,t and êk,t during any iteration

26The lenght of each block is computed according to the procedure introduced by Politis and White

(2004). We thank Andrew Patton for making available the computer code to carry out the automatic

block-length selection procedure (http://econ.duke.edu/˜ap172/).
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b = 1, 2, ..., B of the bootstrap procedure. The results of this additional exercise, not

reported here but available upon request, are also qualitatively and quantitatively similar

to those reported.

Performance Persistence: Alternative Fund Sorting

As a further check we investigate the robustness of the baseline results to a different choice

of sample windows to evaluate the performance persistence of currency funds. So far, we

sorted all currency funds into five portfolios based on �̂k estimated over the previous

two years and then tracked the performance of these portfolios over the next year. In

this subsection, we perform a robustness check by sorting currency funds into portfolios

according to different sample windows. In particular, we investigate the performance of

the five currency hedge fund portfolios constructed 1) using the estimated �̂k over the

past year and evaluated over the next year, denoted as [1, 1] and 2) using the estimated

�̂k over the past two years and evaluated over the next two years, denoted as [2, 2].

The results of this exercise are reported in Tables 7 and 8. Even when portfolios are

sorted and evaluated on a one-year basis (Table 7, Panel A and Table 8) or a two-year

basis (Table 7, Panel B and Table 8), the evidence discussed is qualitatively confirmed.

In fact, the values of the estimated �̂q and t̂�q for both schemes are similar to the ones

reported in Table 3. However, for the [2, 2] scheme the reported p-values suggest that only

the figures reported for portfolio q = 5 are positive and significantly different from zero

at the conventional statistical level. This result, albeit different from the one reported in

Table 3, is consistent, however, with the graphic evidence in Figure 2, where only port-

folio q = 5 exhibits a skill component that accounts for about half of its annual portfolio

excess returns. When the returns from portfolios of hedge funds obtained using the two

new schemes are used to conduct a risk/skill attribution analysis, the new estimates of

equation (9) reported in Table 8 confirm the results and patterns in Table 4.
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Does Size Matter?

Finally, as a refinement of our baseline results, we perform the performance evaluation

distinguishing between small and large currency hedge funds. Recent studies have high-

lighted the issue of capacity constraints in the mutual and hedge fund industry (see, inter

alia, Teo, 2009, and the references therein). Hedge funds exploit limited investment op-

portunities by strategies that involve a correct mix of speed, leverage and execution cost

management. Diseconomies of scale, which occur when the size of the AUM of hedge

funds reaches a certain level, might prevent hedge funds from achieving and maintaining

a satisfactory level of returns. The relationship between fund size and performance has

been investigated in earlier studies with mixed results. Some contributions find a posi-

tive relationship between size and future performance (Getmansky, 2005) whereas others

document an explicit or implicit inverse relationship (Goetzmann et al., 2003; Naik et al.,

2007; Fung et al., 2008; Teo, 2009). To check whether our baseline results are driven by

funds of a certain size, we split the universe of funds into two groups: the large funds,

identified by average AUM >USD 28 million, and the small funds, with average AUM ≤
USD 28 million. We chose USD 28 million as a threshold since it is equal to the median

AUM recorded for all funds over the full sample period. This selection rule allocates 56

funds to the large-size fund group and 50 funds to the small-size fund group. We then

follow the usual evaluation procedure for both groups. The results of this exercise are

reported in Tables 9 (large funds) and 10 (small funds). The estimated �̂k and t̂�̂k for

big (small) currency funds are smaller (bigger) than those in Table 2. This suggest that

although a large fraction of both small and large currency funds can outperform the RW

strategy on average, the small funds group exhibits a better overall performance. This

evidence is visually corroborated by the kernel densities of estimated �̂k and t̂�̂k for both

large and small funds plotted in Figure 4. Small-size funds exhibit a better performance

than large-size funds in that the densities of the small-size funds record a larger mass

toward the right tail than the densities of the large-size funds. The difference between the

kernel densities is less pronounced for the estimated t̂�̂k than �̂k as the standardization

mitigates the effects of outliers.
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2.6 Conclusions

In this paper we study the performance and risk of currency hedge funds over the

period January 1999-January 2009. We investigate whether currency hedge fund returns

represent only foreign exchange risk premia obtained through carry trades, by assuming

that exchange rates follow a RW, or include the compensation for genuine active manage-

ment skills.

Using a large sample of currency hedge funds constituting one of the main benchmark

indices in the foreign exchange industry, we assess their realized performance vis-à-vis

the one exhibited by a simple strategy based upon the forecasts of a näıve RW model of

exchange rates. We find a host of interesting results. First, we document that the RW

strategy is able to deliver small but positive net-of-all-fees returns over the sample period.

Second, some but not all currency hedge funds perform better than the RW strategy.

Third, the performance of the best funds persists over a one-year horizon. Fourth, the

continuation of currency hedge fund excess returns, over a horizon of one year, is explained

by currency-related risk factors and, only for the best-performing funds, contains a remu-

neration for active management. Fifth, the magnitude of the outperformance against the

RW strategy is larger for small funds, which seem to better manage the trade-off between

size and management costs. The empirical results are robust to various biases peculiar to

hedge fund returns, such as incubation and backfill biases; amendments of the bootstrap

procedure to allow for serial correlation in funds returns and joint sampling of residuals

and benchmark returns and alternative sorting scheme to assess performance persistence.
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2.8 Appendix: Risk Factors - Data Sources and Con-
struction

In this appendix we provide further details about the construction of the currency risk-

related factors used in the paper. The risk factors used in Section 2.4 are DOLt, HMLFXt ,

GV OLt, GILLIQt, MOMt, and LEVt and we construct them as noted in the following

sections:

DOLt and HMLFX
t

Following Lustig et al. (2009), we form carry trade return portfolios on the basis of inter-

est rate differentials. In period t+ 1, the 10 currencies used in this paper are sorted into

five portfolios according to the interest rate differential measured in period t. We assume

that portfolio 1 contains low interest rate currencies, while portfolio 5 contains high in-

terest rate currencies. Portfolios returns are computed as the equally weighted average of

UIP deviations for all currencies calculated as rxjt+1 = (1 + ijt)× (
Sjt+1

Sjt
)− (1 + it), where

ijt−1 and it−1 denote the one-month rate on currency j and the USD respectively and Sjt

is the prevailing end-of-month bilateral spot exchange rate between currency j and the

USD, expressed as the domestic price of foreign currency. Overall, our portfolios exhibit a

strong correlation with those computed by Lustig et al. (2009), with correlation ranging

from 0.85 for portfolio 1 to 0.97 for portfolio 5. The USD factor DOLt is constructed as a

level factor that loads equally to all 5 portfolios returns, while HMLFXt is a slope factor

constructed as the difference between returns of the best-performing portfolio (portfolio 5)

and returns of the worst-performing one (portfolio 1). The correlation between the DOLt

factor and the first principal component of the variance-covariance matrix of portfolios

returns is 0.99, while the correlation between the HMLFXt factor and the second principal

component is 0.80. Overall, the first two principal components explain 88 percent of the

total variance of portfolios returns. The correlations between our estimated DOLt and

HMLFXt factors and the original factors computed by Lustig et al. (2009)27 are equal to

27The currency excess return portfolios computed by Lustig et al. (2009) have been donwloaded from

http://web.mit.edu/adrienv/www/Data.html.
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0.99 and 0.85, respectively.

GVOLt, GILLIQt and MOMt

The GV OLt, GILLIQt, and MOMt factors are constructed as in Menkhoff et al. (2009;

2010) and Lustig et al. (2009). With regard to GV OLt, for each currency j in our sam-

ple, we compute the absolute daily return on each day � as ∣�j� ∣ = ∣S
j
�−Sj�−1

Sj�−1

∣. Then, ∣�j� ∣
are averaged over the 10 currencies on a given day and subsequently averaged over the

month.28

GILLIQt is constructed as the daily change of the US TED spread computed as the

difference between the 3-month US LIBOR and the 3-month US T-bill rate (Brunnermeier,

2009). End-of-month values of GILLIQt are obtained as the average of daily values over

the month.

Similar toGILLIQt, theMOMt risk factor is constructed as the difference between the

returns of a best-performing portfolio (portfolio 5) and the returns of a worst-performing

portfolio (portfolio 1). In line with Lustig et al. (2009) and much of the empirical

literature on momentum returns in equity markets, momentum portfolios are formed by

sorting at time t+1 individual currencies into five portfolios according to their one-month

excess returns realized at the end of period t. Portfolio 1 contains currencies with past

low excess returns, while Portfolio 5 contains currencies with past high excess returns.29

LEVt

Following Adrian et al. (2009), the LEVt factor is computed as the monthly value of the

annual growth rate of overnight repurchase agreements (Repos) of the Federal Reserve’s

primary dealers. Namely, for each month t, LEVt is computed as Repost−Repost−12

Repost−12
where

Repost denotes the outstanding primary dealers’ Repos, expressed in USD billions and

28More precisely, Menkhoff et al. (2010) compute the measure of global volatility as the average of

daily log-exchange rate returns. We have used discrete returns to be consistent with the setup used in

Section 2.2. The correlation between the GV OLt measures computed using discrete and log-returns is

higher than 0.95 in our sample.
29The time series of the MOMt factor was kindly provided by Maik Schmeling.
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the data are obtained from the Federal Reserve Bank of New York.30

30The time series of the overnight repurchase agreements of the Federal Reserve’s primary dealers was

kindly provided by Erkko Etula.
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Table 1. Summary Statistics

The table shows the summary statistics of net-of-fees monthly excess returns for the sample of currency hedge funds

(foreign exchange funds), net-of-all-fees monthly excess returns for the RW strategy, and currency excess returns, respec-

tively. The summary statistics of currency excess returns for the 10 currencies (vis-à-vis the USD) are based on the formula

rxjt+1 = (1 + ijt )× (
S
j
t+1

S
j
t

)− (1 + it), where ijt−1 and it−1 denote the one-month rate on currency j and the USD, respec-

tively and Sjt is the prevailing end-of-month bilateral spot exchange rate between currency j and the USD, expressed as the

domestic price of foreign currency. rk,t, �rk,t and SRk,t denote the time-series average and SD of currency fund returns,

and their Sharpe ratio, respectively. AUMk,t and �AUMk,t
denote time-series average and standard deviation of currency

fund AUM, respectively. AUM are expressed in USD million. rRW,np,t denotes net-of-all fees returns from the RW strategy

computed as in equation (6) of the text. rxjt , �rxjt
and SRj,t denote the time-series average and SD of currency excess

returns, and their Sharpe ratio, respectively. Mean, SD, Skew and EKurt denote the cross-sectional monthly average, SD,

skewness, and excess kurtosis of the different time-series variables pertaining to foreign exchange funds, the RW strategy

and currency excess returns, respectively. Time-series averages are computed over the sample period January 1999- January

2009. Mean and SD of returns are expressed as monthly percentage points.

Mean SD Skew EKurt SR

Foreign Exchange Funds

Rk,t 0.743 0.787 2.30 10.01 −

�Rk,t
3.282 2.216 2.16 7.30 −

SRk,t 0.258 0.213 0.19 1.99 −

AUMk,t 98.461 209.992 4.19 19.45 −

�AUMk,t
70.710 169.664 5.07 29.46 −

RRW,np,t 0.11 3.90 -0.43 0.50 0.03

Currency excess returns

rxjt 0.151 0.133 0.07 -0.75 −

�
rx

j
t

3.003 0.395 0.08 -0.63 −

SRj,t 0.048 0.041 -0.34 -1.08 −
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Table 2. Performance of Currency Funds

The table shows the estimated �̂k and t̂�̂k for the sample of currency hedge funds over

the period January 1999-January 2009. Currency funds are ranked according to their

�̂k (Panel A) and the t̂�̂k (Panel B) with respect to the RW strategy. The first row of

each panel reports the OLS estimates of �̂ expressed as monthly percentage points. The

other two rows show the p-value of the null hypothesis that �̂ = 0 (or t̂�̂ = 0) based on

the asymptotic critical values of the t-statistics (p-value param) and the cross-sectionally

bootstrapped p-values of the null hypothesis that �̂ = 0 (or t̂�̂ = 0) as described in

Section 2.4 of the text (p-value boot). For each panel the first column reports results for

the bottom 10% performing funds (10%), while the last column reports results for the top

10% performing funds (90%). The cross-sectionally bootstrapped p-values are computed

using 1,000 bootstrap replications. �̂k and t̂�̂k are computed using heteroskedasticity- and

autocorrelation-consistent standard errors (Newey and West, 1987).

Panel A: Currency hedge funds, �̂k

10% 20% 30% 50% 70% 80% 90%

�̂ -0.193 0.082 0.151 0.344 0.579 0.840 1.267

p-value (param) 0.222 0.375 0.354 0.111 0.022 <0.01 <0.01

p-value (boot) <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01

Panel B: Currency hedge funds, t̂�̂

10% 20% 30% 50% 70% 80% 90%

t̂�̂ -0.506 0.155 0.476 1.167 1.914 2.144 2.927

p-value (param) 0.307 0.438 0.317 0.122 0.028 0.016 <0.01

p-value (boot) <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 0.025
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Table 3. Performance Persistence

The table shows the results of the persistence tests on the performance of currency

funds over the period January 2001-January 2009. In January of each year, currency

funds are sorted to five portfolios (q = 1, ..., 5) on the basis of their alpha (with respect to

the RW strategy) estimated over the two previous years. Portfolio 1 (Portfolio 5) contains

the funds with the lowest (highest) estimated alpha over the two previous years. In each

portfolio, funds are included on a equal-weight basis and weights are rebalanced whenever

a fund is delisted from the BCTI. ER (%) and SD (%) denote the monthly average excess

returns and their SD respectively. �̂q and t̂�̂q denote the estimated alpha and t-alpha

for each portfolio q = 1, ..., 5. �̂q values are expressed as monthly percentage points.

The last three columns report the p-values of the null hypothesis that �̂q = 0 based

on the asymptotic critical values of the t-statistics (p1) and the bootstrapped p-value of

the null hypothesis that t̂�̂q is lower (higher) than the left (right) tail of the bootstrapped

distribution of t̂�̂q (Kosowski et al., 2006) (p2 and p3, respectively). Bootstrapped p-values

are calculated using 1,000 replications.

q = ER (%) SD (%) �̂q t̂�̂q p1 p2 p3

1 0.40 0.72 0.14 0.70 0.25 0.30 0.27

2 0.24 0.45 0.19 1.54 0.06 0.08 0.08

3 0.26 0.25 0.19 2.00 0.02 0.04 0.05

4 0.31 0.38 0.27 2.05 0.02 0.04 0.04

5 0.59 0.60 0.60 3.45 <0.01 <0.01 <0.01
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Table 4. Risk/skill Attribution

The table shows the parameter estimates �̂S,q , �̂q,m of the regression Rq,y = �S,q+
∑4
m=1 �q,mFm,t+"q,y , q = 1, ...5.

The regressions are estimated over the period January 2001-January 2009. The different specifications (1 to 4) include one

factor at a time, with specification 4 denoting the most general and specification 1 the one with only one risk factor. The

risk factors included are 1) global volatility factor ( ˆGV OLt) of Menkhoff et al. (2010); 2) the USD level factor (DOLt) as in

Lustig et al. (2009); 3) the currency momentum factor (MOMt) as in Lustig et al. (2009) and Menkhoff et al. (2010); and

4) a leverage factor as in Adrian et al. (2009). Data sources and details of the construction of the risk factors are reported

in the Appendix. �̂S,q are expressed as monthly percentage points. Values in parentheses denote asymptotic standard

errors, and R
2

denotes the adjusted coefficient of determinations.

Panel A: Portfolio q = 1

Spec 1 Spec 2 Spec 3 Spec 4

�S,q 0.383 (0.22) 0.317 (0.22) 0.017 (0.18) 0.111 (0.21)ˆGV OLt -0.319 (0.56) 0.065 (0.59) -0.246 (0.40) -0.279 (0.39)

DOLt 0.210 (0.10) 0.197 (0.07) 0.197 (0.07)

MOMt 0.268 (0.06) 0.269 (0.06)

LEVt -0.008 (0.01)

R
2

<0.01 0.06 0.201 0.195

Panel B: Portfolio q = 2

Spec 1 Spec 2 Spec 3 Spec 4

�S,q 0.205 (0.15) 0.117 (0.14) -0.012 (0.13) 0.135 (0.14)ˆGV OLt -0.823 (0.35) -0.356 (0.39) -0.493 (0.32) -0.545 (0.32)

DOLt 0.255 (0.07) 0.249 (0.06) 0.251 (0.05)

MOMt 0.118 (0.03) 0.120 (0.03)

LEVt -0.012 (0.01)

R
2

0.08 0.25 0.28 0.29

88

Tesi di dottorato "ESSAYS IN EMPIRICAL FINANCE"
di NUCERA FEDERICO CALOGERO
discussa presso Università Commerciale Luigi Bocconi-Milano nell'anno 2011
La tesi è tutelata dalla normativa sul diritto d'autore(Legge 22 aprile 1941, n.633 e successive integrazioni e modifiche).
Sono comunque fatti salvi i diritti dell'università Commerciale Luigi Bocconi di riproduzione per scopi di ricerca e didattici, con citazione della fonte.



Panel C: Portfolio q = 3

Spec 1 Spec 2 Spec 3 Spec 4

�S,q 0.241 (0.15) 0.185 (0.13) 0.075 (0.12) 0.168 (0.10)ˆGV OLt -0.349 (0.20) -0.055 (0.29) -0.172 (0.26) -0.204 (0.28)

DOLt 0.160 (0.07) 0.155 (0.06) 0.156 (0.06)

MOMt 0.100 (0.04) 0.101 (0.03)

LEVt -0.007 (0.009)

R
2

0.01 0.10 0.13 0.13

Panel D: Portfolio q = 4

Spec 1 Spec 2 Spec 3 Spec 4

�S,q 0.283 (0.14) 0.226 (0.13) 0.084 (0.13) 0.156 (0.14)ˆGV OLt -0.685 (0.21) -0.384 (0.29) -0.535 (0.26) -0.560 (0.26)

DOLt 0.164 (0.06) 0.158 (0.05) 0.158 (0.05)

MOMt 0.129 (0.03) 0.130 (0.03)

LEVt -0.006 (0.01)

R
2

0.07 0.15 0.21 0.21

Panel E: Portfolio q = 5

Spec 1 Spec 2 Spec 3 Spec 4

�S,q 0.54 (0.17) 0.492 (0.16) 0.290 (0.13) 0.254 (0.13)ˆGV OLt -0.984 (0.26) -0.713 (0.28) -0.928 (0.23) -0.915 (0.24)

DOLt 0.148 (0.09) 0.139 (0.07) 0.138 (0.07)

MOMt 0.184 (0.05) 0.184 (0.05)

LEVt 0.003 (0.01)

R
2

0.10 0.14 0.23 0.21
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Table 5. Performance of Currency Funds: No Backfill or Incubation Bias

The table shows the estimated �̂k and t̂�̂k for the universe of currency hedge funds over

the period January 1999- January 2009. The first 12 return observations are excluded for

each fund. Currency funds are ranked according to their �̂k (Panel A) and t̂�̂k (Panel B)

with respect to the RW strategy. The first row of each panel reports the OLS estimates

of �̂ expressed as monthly percentage points. The other two rows show the p-values of

the null hypothesis that �̂ = 0 (or t̂�̂ = 0) based on the asymptotic critical values of the

t-statistics (p-value param) and the cross-sectionally bootstrapped p-values of the null

hypothesis that �̂ = 0 (or t̂�̂ = 0) as described in Section 2.4 of the text (p-value boot).

For each panel the first column reports results for the bottom 10% performing funds (10%)

while the last column reports results for the top 10% performing funds (90%). The cross-

sectionally bootstrapped p-values are computed using 1,000 bootstrap resamples. �̂k and

t̂�̂k are computed using heteroskedasticity- and autocorrelation-consistent standard errors

(Newey and West, 1987).

Panel A: Currency hedge funds, �̂k

10% 20% 30% 50% 70% 80% 90%

�̂ -0.176 0.001 0.085 0.302 0.484 0.820 1.120

p-value (parametric) <0.01 0.499 0.326 0.207 0.134 <0.01 0.010

p-value (bootstrap) <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01

Panel B: Currency hedge funds, t̂�̂k

10% 20% 30% 50% 70% 80% 90%

t̂�̂ -0.627 0.003 0.318 0.965 1.673 2.068 2.846

p-value (parametric) 0.265 0.499 0.375 0.167 0.047 0.019 <0.01

p-value (bootstrap) <0.01 <0.01 <0.01 <0.01 0.057 0.409 0.793
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Table 6. Performance of Currency Funds: Block-bootstrap

The table shows the estimated �̂k and t̂�̂k for the sample of currency hedge funds over

the period January 1999- January 2009. A block-bootstrap sampling scheme is used to

simulate returns and the block-length is selected according to Politis and White (2004).

Currency funds are ranked according to their �̂k (Panel A) and t̂�̂k (Panel B) with respect

to the RW strategy. The first row of each panel report the OLS estimates of �̂ expressed as

monthly percentage points. The other two rows show the p-values of the null hypothesis

that �̂ = 0 (or t̂�̂ = 0) based on the asymptotical critical values of the t-statistics (p-

value param) and the cross-sectionally bootstrapped p-values of the null hypothesis that

of �̂ = 0 (or t̂�̂ = 0) as described in Section 2.4 of the text (p-value boot). For each

panel the first column reports results for the bottom 10% performing funds (10%) while

the last column reports results for the top 10% performing funds (90%). The cross-

sectionally bootstrapped p-values are computed using 1,000 bootstrap replications. �̂k

and t̂�̂k are computed using heteroskedasticity- and autocorrelation-consistent standard

errors (Newey and West, 1987).

Panel A: Currency hedge funds, �̂k

10% 20% 30% 50% 70% 80% 90%

�̂ -0.193 0.082 0.151 0.344 0.579 0.840 1.267

p-value (param) 0.222 0.375 0.354 0.111 0.022 <0.01 <0.01

p-value (boot) <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01

Panel B: Currency hedge funds, t̂�̂k

10% 20% 30% 50% 70% 80% 90%

t̂�̂ -0.506 0.155 0.476 1.167 1.914 2.144 2.927

p-value (param) 0.307 0.438 0.317 0.122 0.028 0.016 0.002

p-value (boot) <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 0.037
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Table 7. Performance Persistence: Sensitivity Analysis, �̂q and t̂�̂q

The table shows the results of the persistence tests on the performance of currency funds. In January of each year

currency, funds are sorted into five portfolios (q = 1, ..., 5) on the basis of their alpha estimated 1) over the previous years

and evaluated over the subsequent year, scheme denoted as [1, 1] (Panel A), and 2) over the previous two years and evaluated

over the subsequent two years, scheme denoted as [2, 2] (Panel B). In each portfolios funds are included on a equal-weight

basis and weights are rebalanced whenever a fund is delisted from the BCTI. ER (%) and SD (%) denote the monthly

average excess returns and their SD, respectively. �̂q and t̂�̂q denote the estimated alpha and t-alpha for each portfolio

q = 1, ..., 5. �̂q values are expressed as monthly percentage points. The last three columns report the p-values of the null

hypothesis that �̂q = 0 based on the asymptotic critical values of the t-statistics (p1) and the bootstrapped p-value of the

null hypothesis that t̂�̂q is lower (higher) than the left (right) tail of the bootstrapped distribution of t̂�̂q (Kosowski et al.,

2006) (p2 and p3, respectively). Bootstrapped p-values are calculated using 1,000 replications.

Panel A: fund sorting scheme [1, 1]

q = ER(%) SD(%) �̂q t̂�̂q p1 p2 p3

1 0.43 0.69 0.19 0.84 0.20 0.21 0.20

2 0.22 0.38 0.16 1.71 0.04 0.07 0.10

3 0.42 0.27 0.28 3.73 <0.01 <0.01 <0.01

4 0.21 0.42 0.25 2.38 <0.01 0.02 0.02

5 0.64 0.45 0.61 4.85 <0.01 <0.01 <0.01

Panel B: fund sorting scheme [2, 2]

q = ER(%) SD(%) �̂q t̂�̂q p1 p2 p3

1 0.33 0.42 0.15 0.76 0.22 0.24 0.27

2 0.23 0.31 0.07 0.27 0.39 0.42 0.39

3 0.19 0.26 0.06 0.32 0.37 0.38 0.41

4 0.31 0.32 0.28 2.02 0.02 0.07 0.07

5 0.53 0.46 0.59 4.70 <0.01 <0.01 <0.01

92

Tesi di dottorato "ESSAYS IN EMPIRICAL FINANCE"
di NUCERA FEDERICO CALOGERO
discussa presso Università Commerciale Luigi Bocconi-Milano nell'anno 2011
La tesi è tutelata dalla normativa sul diritto d'autore(Legge 22 aprile 1941, n.633 e successive integrazioni e modifiche).
Sono comunque fatti salvi i diritti dell'università Commerciale Luigi Bocconi di riproduzione per scopi di ricerca e didattici, con citazione della fonte.



Table 8. Performance Persistence: Sensitivity Analysis, Risk Factors

The table shows the parameter estimates �̂S,q , �̂q,m of the regression Rq,y = �S,q+
∑4
m=1 �q,mFm,t+"q,y , q = 1, ...5.

[1, 1] denotes a fund-sorting scheme where fund alphas are estimated over the previous years and the resulting portfolio

performance is evaluated over the subsequent year, while [2, 2] denotes a fund sorting scheme where fund alphas are

estimated over the previous two years and the resulting portfolio performance is evaluated over the subsequent two years.

Data sources and details of the construction of the risk factors are reported in the Appendix. �̂S,q values are expressed

as monthly percentage points. Values in parentheses are p-values of the null hypothesis that the parameter estimates are

equal to zero. R
2

denotes the adjusted coefficient of determinations. See notes to Tables 4 and 7.

Panel A: Portfolio q = 1

[1, 1] [2, 2]

�S,q 0.645 (0.44) 0.272 (0.22)ˆGV OLt -0.574 (0.44) -0.390 (0.46)

DOLt 0.149 (0.07) 0.164 (0.08)

MOMt 0.160 (0.07) 0.234 (0.06)

LEVt -0.035 (0.01) -0.021 (0.01)

R
2

0.13 0.13

Panel B: Portfolio q = 2

[1, 1] [2, 2]

�S,q 0.155 (0.14) 0.040 (0.13)ˆGV OLt -0.579 (0.27) -0.677 (0.36)

DOLt 0.168 (0.05) 0.188 (0.08)

MOMt 0.140 (0.03) 0.283 (0.05)

LEVt -0.013 (0.01) -0.016 (0.01)

R
2

0.20 0.27
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Panel C: Portfolio q = 3

[1, 1] [2, 2]

�S,q 0.418 (0.14) 0.060 (0.16)ˆGV OLt -0.452 (0.24) -0.385 (0.31)

DOLt 0.098 (0.06) 0.217 (0.06)

MOMt 0.115 (0.04) 0.071 (0.06)

LEVt -0.013 (0.01) -0.002 (0.009)

R
2

0.12 0.18

Panel D: Portfolio q = 4

[1, 1] [2, 2]

�S,q 0.292 (0.19) 0.185 (0.12)ˆGV OLt -0.729 (0.26) -0.873 (0.25)

DOLt 0.111 (0.07) 0.122 (0.05)

MOMt 0.083 (0.05) 0.069 (0.02)

LEVt -0.009 (0.01) -0.002 (0.01)

R
2

0.20 0.23

Panel E: Portfolio q = 5

[1, 1] [2, 2]

�S,q 0.579 (0.33) 0.259 (0.12)ˆGV OLt -0.856 (0.26) -0.676 (0.26)

DOLt 0.033 (0.07) 0.147 (0.06)

MOMt 0.188 (0.02) 0.062 (0.04)

LEVt -0.003 (0.01) 0.008 (0.01)

R
2

0.07 0.15
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Table 9. Performance of Currency Funds: Large Funds

The table shows the estimated �̂k and t̂�̂k for the sample of large-size currency hedge

funds (average AUM > USD 28 million) over the period January 1999-January 2009.

Large-size currency funds are ranked according to their �̂k (Panel A) and t̂�̂k (Panel B)

with respect to the RW strategy. The first row of each panel reports the OLS estimates

of �̂ expressed as monthly percentage points. The other two rows show the p-values of

the null hypothesis that �̂ = 0 (or t̂�̂ = 0) based on the asymptotic critical values of the

t-statistics (p-value param) and the cross-sectionally bootstrapped p-values of the null

hypothesis that �̂ = 0 (or t̂�̂ = 0) as described in Section 2.4 of the text (p-value boot).

For each panel the first column reports results for the bottom 10% performing funds (10%)

while the last column reports results for the top 10% performing funds (90%). The cross-

sectionally bootstrapped p-values are computed using 1,000 bootstrap replications. �̂k

and t̂�̂k are computed using heteroskedasticity- and autocorrelation-consistent standard

errors (Newey and West, 1987).

Panel A: Currency hedge funds, �̂k

10% 20% 30% 50% 70% 80% 90%

�̂ -0.225 0.051 0.112 0.304 0.525 0.642 0.844

p-value (parametric) 0.002 0.457 0.348 0.109 0.108 0.054 < 0.01

p-value (bootstrap) < 0.01 < 0.01 < 0.01 < 0.01 < 0.01 < 0.01 < 0.01

Panel B: Currency hedge funds, t̂�̂k

10% 20% 30% 50% 70% 80% 90%

t̂�̂ -0.857 0.244 0.390 0.958 1.606 2.131 2.872

p-value (parametric) 0.196 0.404 0.348 0.169 0.054 0.017 < 0.01

p-value (bootstrap) < 0.01 < 0.01 < 0.01 < 0.01 < 0.01 < 0.01 < 0.01
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Table 10. Performance of Currency Funds: Small Funds

The table shows the estimated �̂k and t̂�̂k for the sample of small-size currency hedge

funds (average AUM ≤ USD 28 million) over the period January 1999-January 2009.

Small-size currency funds are ranked according to their �̂k (Panel A) and t̂�̂k (Panel B)

with respect to the RW strategy. The first row of each panel reports the OLS estimates

of �̂ expressed as monthly percentage points. The other two rows show the p-values of

the null hypothesis that �̂ = 0 (or t̂�̂ = 0) based on the asymptotic critical values of the

t-statistics (p-value param) and the cross-sectionally bootstrapped p-values of the null

hypothesis that �̂ = 0 (or t̂�̂ = 0) as described in Section 2.4 of the text (p-value boot).

For each panel the first column reports results for the bottom 10% performing funds (10%),

while the last column reports results for the top 10% performing funds (90%). The cross-

sectionally bootstrapped p-values are computed using 1,000 bootstrap replications. �̂k

and t̂�̂k are computed using heteroskedasticity- and autocorrelation-consistent standard

errors (Newey and West, 1987).

Panel A: Currency hedge funds, �̂k

10% 20% 30% 50% 70% 80% 90%

�̂ -0.301 -0.003 0.147 0.477 1.165 1.424 2.042

p-value (parametric) 0.113 0.493 0.419 0.165 0.083 0.029 0.169

p-value (bootstrap) <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01

Panel B: Currency hedge funds, t̂�̂k

10% 20% 30% 50% 70% 80% 90%

t̂�̂ -0.506 -0.018 0.302 0.995 1.957 2.473 3.337

p-value (parametric) 0.307 0.493 0.381 0.160 0.025 <0.01 <0.01

p-value (bootstrap) <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 0.08
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Fig.1 Currency Funds Performance

Fig.4 Performance by Fund Size
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Fig.2 Risk/skill Attribution

Fig.3 Active Management Skills (rolling 24-month alpha)
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The Comovement between Sovereign and

Bank Credit Risk During the Financial Crisis:

The Case of the Euro Area

Abstract

We investigate the comovement between sovereign and bank credit risk of the

Euro area over the period 2008-2010. We construct two synthetic credit risk mea-

sures of the European sovereign and banking sectors that can be used for macro-

prudential supervision. We estimate a Vector error-correction model and we ob-

tain empirical evidence of a cointegration relationship between sovereign and bank

credit risk. Moreover, we find that deviations from this equilibrium relationship

are adjusted through the banking sector. Impulse response functions show that in

percentage points, the responses of the sovereign and bank credit risk measures to

shocks are quite high and that, at the long horizon, the bank credit risk measure

has a larger response to shocks to the sovereign credit risk measure than to shocks

to itself.

Keywords: financial stability, sovereign credit risk, banking sector credit risk,

ntℎ-to-default CDS, portfolio credit risk management
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3.1 Introduction

This paper investigates the comovement between sovereign and banking sector credit

risk during the financial turmoil occurred between 2008 and 2010 and contributes to the

literature about financial stability and macro-prudential banking supervision specifically

for the Euro area.

From an historical point of view, the relationship between the state and the banking

system dates back at least at the Middle Ages. However, this link has evolved over time

and, as pointed out by Alessandri and Haldane (2009), the Great Depression “marked a

regime-shift in state support to the banking system”. In other words, while in the past it

was the state that was supported by the banks, since the Great Depression it has become

very common for the state to act as lender of last resort of the banking sector. The current

financial crisis is certainly contributing to enhance this trend.

Indeed, the relationship between sovereign and bank credit risk has dramatically re-

emerged over the last couple of years and, with the banking sector rescue packages im-

plemented in many countries, the risk has been transferred once again from banks to

governments. However, while in the US and the UK the state has been able to provide

aid to the banks without undermining its credibility and without affecting too much its

strength, in Europe the situation has been different. In fact, the European Monetary

Union has entered the crisis in a particular bad shape given that part of its banking sys-

tem was under-capitalised, endowed with insufficient liquidity buffers and burdened with

low-quality assets 1. Besides, the size of the national banking sector relative to GDP has

soundly enlarged during the last decade for many EU countries (see Fig.1) and this has

contributed to make more difficult the action of support of governments. Last but not

least, the finances of some EU sovereign members were already under stress given the

high level of domestic sovereign debt. In this framework, European sovereign bond and

1This was the case, for instance, for some Irish and Spanish banks.
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credit default swap spreads have boomed over the last two years, as a mirror of the market

perception that some country could not have the financial strength to bail-out troubled

financial institutions and/or to pay back the interests on its debt following the widening

of budget deficits. Put it differently, it seems that the bank credit crisis has started to

interact with other long-lasting structural problems affecting the Euro area2. This has

undermined the level of trust of financial markets in the European Monetary Union and

the well-established view that the default of a sovereign member of the Euro-area is an

impossible event.

Motivated by these considerations, in this paper we turn on the microscope on the comove-

ment between the European sovereign and bank credit crisis and analyse it empirically.

The underlying idea is that the establishment of an econometric relationship between

these two phenomena can be of help to understand the economics behind them.

The link between the European sovereign and banking credit risk has received grow-

ing attention in the recent literature. The papers closer to ours are Gerlach et al. (2010)

and Ejsing and Lemke (2009). However, while these works perform a country-by-country

analysis by using panel-data techniques, we differentiate by adopting a portfolio credit

risk perspective. In fact, following the methodologies designed by Avesani et al. (2006)

and Gibson (2004) for portfolio credit risk models and CDO (Collateralized Debt Obli-

gation) pricing, we construct two synthetic credit risk indicators related to the European

Monetary Union: the first one concerns the sovereign sector, while the second one con-

cerns the banking sector. In order to form these indicators, we put 11 Euro-area sovereign

entities and 20 Euro-area main banks into two separated baskets of credit default swaps3

(CDS) and use this type of financial instrument as a tool to compute default probabilities.

Preliminary to this, we first carry out a principal component analysis of the correlation

matrix of the changes of the sovereign and bank credit spreads. Then, we model CDS

2E.g. low economic growth, fiscal deficits, ageing of the population, unemployment and the lack of

coordination in fiscal policies.
3See the empirical section for a description of the credit default swap baskets.
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premia4 changes through factor analysis, which provides the inputs that are necessary to

the calculation of the two credit risk measures.

Our aggregate perspective allows us to decrease the level of noise that characterizes

single-country time series and to work with two unique measures at the European level of

sovereign and bank credit risk as perceived by financial markets. In this respect our work

contributes to the literature concerning financial stability and macro-prudential banking

supervision. In fact, our indicator of risk of the banking sector can be used by financial

authorities to monitor the level of risk of the European banking system. Moreover, we

are among the first to extend the macro-prudential approach, traditionally limited to the

supervision of financial institutions, to the supervision of European sovereign entities. In

fact, the latest events concerning the Greek sovereign crisis5 show that financial stability

can be seriously affected by the risk of default of a European country and as a consequence

we argue that a thermometer of the likelihood of such event can be a useful tool for

vigilance.

Next, we analyse the inter-linkages between the European sovereign and bank credit

risk measures through a Vector error-correction model (VECM). In particular, following

a preliminary specification analysis, we test and find evidence of the hypothesis that a

combination of the two risk measures is stationary. This allows us to conclude that the

European sovereign and bank credit risk are cointegrated and share a common stochastic

trend. In other terms, this means that an equilibrium relationship has characterised them

over the period 2008-2010.

Finally, we perform standard impulse response functions analysis. We find that, in per-

centage points, the responses of the sovereign and bank credit risk measures to shocks

are quite high and that, at the long horizon, the bank credit risk measure has a larger

4Following a convention arising from the credit risk literature, in this paper we use the terms “credit

spreads”and “CDS premia”as synonyms.
5Or more in general the worries related to the financial situation of the GIIPS (Greece, Ireland, Italy,

Portugal and Spain) countries.
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response to shocks to the sovereign credit risk measure than to shocks to itself.

The paper will be organised as follows. In section 3.2 we describe our dataset, while in

section 3.3 we give details about our empirical analysis. Section 3.4 provides final remarks

and concludes.

3.2 Data Description

The source of our dataset is Reuters Datastream. We collect daily 5-years senior

CDS bid and ask premia for 11 European sovereign entities and 20 European banks from

14/5/2008 to 30/09/2010. More specifically, we focus on 11 European countries which are

part of the European Union at 12 members (Luxembourg is excluded) and on 20 banks

which are domiciliated in these countries. The group of banks is formed by taking 2

banks for each country (with the exception of Finland). The banks are chosen according

to data availability (see Table 1 for the entire list) and all the financial institutions of our

sample are among those stress-tested by the Committee of European Banking Supervisors

(CEBS) in July 2010. Descriptive statistics of the sovereign and bank CDS premia are

shown, respectively, in Table 2 and Table 3, while their patterns are shown in Figure 2 and

3. The behaviour of the CDS premia reflect the market perception of higher default-risk

for both European sovereign entities and banks. By looking at the graphs it is evident

that the cost of insurance against default has risen dramatically over the last two years,

with Ireland and Greece particularly hit both at a financial institutions and at a country

level.

Although there is a widespread agreement that the current financial turmoil gets back

at least to summer 20076, our sample still covers - at the moment of writing - the most

important events like the collapse of Lehman Brothers (15 of September 2008), the massive

6E.g. when we have assisted to the worsening of the sub-prime crisis.
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intervention of the Federal Reserve authorities with the TARP7, the rescue package to the

European banking sector implemented by European governments (begin of October 2008)

and the Greek sovereign debt crisis culminated with the joint intervention of the IMF and

the European Union (May 2010). While on the one hand it would be very interesting

to study the comovement between the European sovereign and bank credit risk before

the beginning of the financial crisis, on the other hand by focusing on a shorter sample

period we are able to work with data of better quality. In fact, the time series of European

sovereign and bank CDS are very often characterised by interruptions due to, for instance,

lack of trading and/or to liquidity issues. This has been one of the main reasons that has

prevented the use of CDS in empirical research concerning the Euro area. Another reason

is that, at least until the current financial turmoil, the risk of default of a country or a

bank in the 12-member Euro area was considered an extremely unlikely event.

As a consequence, since it focuses on a relatively short time horizon for which good

times series are available, this is one of the first studies about European sovereign and

bank credit risk that can benefit of the informative content of CDS data.

3.3 Empirical Analysis

Factor Analysis

The starting point of our study is a principal components analysis of the correlation

matrix of the daily changes of 5-years CDS premia8 of Euro area sovereign entities and

banks. Results of the principal components analysis are shown in Table 4.

Our results are consistent with previous studies (Longstaff et al. 2010, Hawkesby et al.

2005, 2007) which obtain evidence of a strong degree of commonality both in the sovereign

and bank credit spreads. This is very interesting because these papers concentrate on

7Troubled Asset Relief Program.
8We take the mean between the bid and ask CDS premia.
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different groups of sovereign entities and banks. In particular, the study by Longstaff et

al. (2010) focuses on a large group of developed and less-developed countries (without

considering any of the European countries that are in our sample), while the papers by

Hawkesby et al. (2005), (2007), focus mainly on large and complex financial institutions.

In our case the first PC explains about 67% and 57% of the variation in EU sovereign

and bank CDS premia, respectively. This should not be surprising since the evidence of

a high degree of commonality is not a new feature of financial markets, especially during

crises. In fact, as noted among others by Ang and Bekaert (2002), correlations tend to

increase during these periods.

The second step of our analysis is the modelling of CDS premia changes through

factor analysis. As noted by Johnson and Wichern (2008), factor analysis is a statistical

technique that aims to describe, whenever it is possible, the rich covariance structure

which may exist among many variables in terms of a few underlying random quantities

called factors. In this sense factor analysis is particularly indicated for our study since it

allows us to get a proxy of the copula default correlation matrices among the sovereign

entities and among the banks. More specifically, we express the CDS premia changes in

terms of a basic factor model of the form:

X = �+ AF + U F ∼ N(0, I) U ∼ N(0,Ψ) (1)

where X is a vector of observed CDS premia changes, � is a vector of intercepts, A

is a factor loadings matrix, F is a common latent factor (which is usually interpreted

as a level factor describing business cycle conditions), U is the error term and Ψ is the

variance-covariance matrix (assumed to be diagonal) of the error term.

We first estimate the model in equation (1) through Maximum Likelihood (ML) for the

countries in our sample, and then we repeat the same exercise for the banks. In both

cases, the estimation is performed using rolling windows of 65 days. For each rolling

window we store the estimated factor loadings and the estimates of the common factor
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(i.e. the factor score), thereby obtaining a set of inputs that - as it will be clear in the

next section - are needed for the construction of our synthetic risk measures. It is worth

stressing here that if, on the one hand, one could argue that the CDS premia changes

could be expressed by M common factors (with M >1), on the other hand the findings

from the principal component analysis show that by limiting to a single common factor

we can get still an acceptable proxy of the correlation matrix among the variables in X.

This is very important because the working-assumption of one common factor (that is

nevertheless very common also among practitioners) eases the speed of computation and

the implementation of our procedure.

The construction of the two credit risk measures

To construct our credit risk measures we focus on the informative content of a particular

financial instrument, the ntℎ-to-default CDS basket. The CDS basket can be thought as a

simple kind of insurance in which the seller of protection (investor) provides the protection

buyer with a pay-off just when the specific event (i.e. the ntℎ default) has taken place. By

adopting a portfolio risk management perspective, we form two baskets of CDS, one for

the sovereign entities and one for the banks, and use their informative content to compute

default probabilities by implementing the methodology proposed by Gibson (2004) and

Avesani et al. (2006). In the following, we briefly describe this methodology and provide

its main intuitions deferring to those papers for more details.

As initial step to construct the two risk measures, we compute the conditional proba-

bility of default for each sovereign entity/bank in our sample according to

Pr{xi < x̄i∣M} = Pr(Zi <
x̄i − aiM√

1− a2i
) (2)

where M is a common factor, Zi is an idiosyncratic factor, ai are factor loadings and

xi = aiM + Zi

√
1− a2i (3)

Eq.2 and Eq.3 imply that each sovereign entity/bank is assumed to default whenever

xi < x̄i, i.e when the value of the assets (xi) falls below a certain threshold (x̄i). This
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approach is fairly standard in the portfolio credit risk literature (see Merton 1974 and

Vasicek 1987) and it is usually applied to financial institutions or listed firms rather than

to sovereign entities. However, there exists a new strand in the literature about sovereign

credit risk (see, among the others, Gray et al. 2007) which advocates for the application

of portfolio credit risk techniques to sovereign entities, thereby providing support to our

strategy. At this point it should be clear how factor analysis provides us the ingredients

needed in Eq.2 and Eq.3. In fact, we can use the factor score as an estimate of the

common factor M and the ML estimates of factor loadings as a proxy for the true ones.

Next, we compute the unconditional probabilities of observing n defaults by time t

among the N reference entities in the CDS basket as

pN(n, t) =
∫ ∞
−∞

pN(n, t ∣M)g(M)dM (4)

where g(M) is the probability density of M (the common factor), N is the number of

reference entities in the CDS basket and n is the number of defaults. The individual

conditional probabilities of default that are calculated in Eq.2 are used in Eq.4 to compute,

through a recursive formula (see Gibson 2004 and Avesani et al. 2006), the conditional

probabilities of default in the CDS basket, i.e. pN(n, t ∣M).

The outcome of Eq.4 is the object of our ultimate interest and, intuitively, we can

think about the two CDS baskets just as two machines that allow us to compute default

probabilities at an aggregate level. In fact, by using Eq.4, we can calculate the two-years

ahead probabilities of observing one default in the two groups of European countries and

banks and use them as synthetic indicators of credit risk. The time-series of the default

probabilities are shown in Fig.4. As it possible to see, for the most of our sample, the

credit risk associated to the European banking sector is higher than the credit risk of the

European sovereign sector. However, the two indicators intersect during the uprising of

the Greek sovereign crisis (May 2010).

It is worth noting that to construct the credit risk measures we could have computed

(and used) different probabilities either in terms of the number of defaults in the CDS

107

Tesi di dottorato "ESSAYS IN EMPIRICAL FINANCE"
di NUCERA FEDERICO CALOGERO
discussa presso Università Commerciale Luigi Bocconi-Milano nell'anno 2011
La tesi è tutelata dalla normativa sul diritto d'autore(Legge 22 aprile 1941, n.633 e successive integrazioni e modifiche).
Sono comunque fatti salvi i diritti dell'università Commerciale Luigi Bocconi di riproduzione per scopi di ricerca e didattici, con citazione della fonte.



basket or in terms of time-horizon9. The rationale behind our choice of focusing on the

two-years ahead probabilities of one default is twofold. First, we argue that a single default

(or the risk of a single default) of a European sovereign entity or a bank can be enough

to undermine the trust that financial markets have in the European Monetary Union or

in the very connected banking sector. Second, we think that two years represent a good

horizon for monitoring and vigilance purposes. Hence, we claim that the risk indicators

could be inserted among the set of instruments for macro-prudential supervision of the

European sovereign and banking sector with the caveat that they should be used more as

thermometers of distress rather than as pure forecasting-tools.

As a by-product of our approach, we are able to produce another possible tool for

supervisory purposes, namely a term structure of default probabilities for both the Eu-

ropean sovereign and banking sector. These term structures are computed by joining

unconditional probabilities that differ in terms of time-horizons and number of defaults in

the CDS basket. For instance, in Fig.5 and in Fig.6, we show these two term structures as

measured at 30/09/2010. By comparing them, it is interesting to note that the financial

markets perceive the risk of contagion in the banking sector higher than in the sovereign

sector. In fact, at the 20-quarter ahead horizon, while in the European banking sector

the most likely event is the occurring of 2 defaults (green line), in the sovereign sector the

most likely event is the occurring of 0 default (blue line).

It is important to point out that the source of contagion in our framework is given by

the exposure of the reference entities in the CDS baskets towards the common factor. In

other words, since we rely on the Vasicek approach, any kind of inter-dependence among

defaults that goes beyond the common factor cannot be captured. However, we believe

that this feature does not limit too much our study given the high degree of commonality

9While on the one hand this choice can affect the magnitude of the risk measures, on the other hand

it does not affect the quality of our results. In fact, there is no reason to believe that, ceteris paribus, the

degree of observed comovement between the sovereign and bank credit risk will change.
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that we find in the data.

It is also worth to stress that these term structures of default probabilities are sensitive

to the day in which they are computed. For instance, if we had computed them in

the middle of the Greek sovereign crisis (i.e. end of April - begin of May 2010) we

could have end-up with a different evidence suggesting a higher risk of contagion in the

European sovereign sector. However, this aspect increases the importance of calculating

term structures of default probabilities since they represent a useful tool, available on

a daily basis, to measure financial market sentiments about the likelihood of multiple

defaults.

Vector error correction model

The visual inspection of Fig.4 evidences that in the last 2 years there has been a strong

comovement between sovereign and bank credit risk in the Euro area and that the two

time series could share a common-stochastic trend. In order to test this hypothesis we

model our two synthetic risk indicators jointly in a bivariate VECM:

Γ(L)Δyt = �0 + ��′yt−1 + �1Dt + ut (5)

where the vector Δyt contains the first difference of the sovereign credit risk measure and

the first difference of the bank credit risk measure, L is the lag operator, ��′yt−1 is the

error-correction term, �1Dt is a crash-dummies term whose meaning will be explained

later in this section and ut represent the structural shocks.

Specification Analysis

Before estimating the VECM model, we determine the lag-order of the system according

to standard model selection procedures (AIC, FPE, SC, HQ and FML). While the AIC

and the FPE suggest the inclusion of at least 9 lags (see Table 5), the SC, the FML and

the HQ criteria provide evidence for a more parsimonious system (3 lags from the SC and

the FML criteria, 7 lags from the HQ criterion). Among these possibilities, we choose

to follow the HQ (Hannan-Quinn) information criterion. In fact, if on the one hand it is
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always good to save some degrees of freedom, on the other hand we must pay attention

to the risk of choosing a too small lag order since this can produce a biased estimate of

the cointegration vector (see Jacobson, 1995). Hence, in our case, the HQ criterion seems

to be a good compromise among the different alternatives.

Next, we estimate the model in Eq.5 and perform residuals analysis. This is very

important since the analysis of the residuals can be used to point out possible miss-

specifications of model. Moreover, residuals that are too far from the NIID (Normally,

Independently and Identically Distributed) hypothesis may invalidate any inference ob-

tained through OLS estimation of the VECM system. Given that our sample covers an

extremely turbulent period characterised by big market over-reactions, we insert in our

model a group of crash-dummies that aim to mild the effects of the most dramatic days.

This is reflected by the term �1Dt in Eq.5. Overall, we end up with 23 crash-dummies

associated with those days in which important events10 have taken place. The asymptotic

and bootstrapped11 tests for serial correlation are shown in Table 6. The histogram of

the residuals are plotted in Figure 7 together with some descriptive statistics and the

results of the Jarque-Bera test. Both the distributions of the residuals are characterised

by high kurtosis and positive skewness. The Jarque-Bera tests reject the null hypothesis

of normality, while according to Table 6 there is evidence of serial correlation at one lag

level. Although these evidences are disappointing, it is worth to remind that we work

with high-frequency financial variables. Thus, the behaviour of the residuals may be a

consequence of this factor rather than of model miss-specification. The shapes of the

histogram, in fact, do not contradict entirely the hypothesis of normality and it is very

likely that by introducing more dummies we would end up with well-shaped residuals.

However, we prefer not to over-fit our model with too many dummies and we argue that

by working with 23 dummies out of 556 observations we can still safely estimate the model

10Like, for instance, the collapse of Lehman Brothers or the Greek debt crisis.
11In all our bootstrap simulations we use 1000 replications.
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of Eq.5 by OLS.

Cointegration rank, cointegration relation, shocks identification and impulse response func-

tions

The aim of this sub-section is to test for the cointegration relationship between the

sovereign and the bank credit risk measures and, in case of supportive evidence, to get

some economic intuitions about it. In order to find empirical evidence about our hypoth-

esis, we rely on the LR trace test. The asymptotic and bootstrapped quantiles of the

test are shown in Table 7. Overall, both the tests allow us to reject the null hypothesis

of r = 0 and, conversely, to accept the null of r = 1, where r is the cointegrating rank.

Asymptotically, we reject the null hypothesis of no cointegration and, viceversa, accept

the null hypothesis of one cointegrating vector at the 5% confidence level. Using the

bootstrapped distribution, we can reject the null of no cointegration at the 5% confidence

level, while we can still safely accept the null hypothesis of existence of a cointegrating

vector.

The existence of a cointegration relationship between the sovereign and the bank

credit risk over the last two years allows us to go one step further in the investigation

of the observed comovement. We do that in two ways. First, we test for a restriction

on the cointegrating vector and examine the cointegration relationship more in depth,

second we perform standard impulse response analysis in order to evaluate the effect of

shocks on our synthetic risk measures. The restriction on the cointegrating vector that

we test is �′ = (1 -1). We show asymptotic and bootstrapped quantiles of the test in

Table 8. Both the asymptotic and the bootstrapped inference imply that the restriction

is binding. This reinforces the statement that the sovereign and the bank credit risk have

been characterised by an equilibrium relationship during the current financial turmoil.

The cointegration relationship is plotted in Figure 8. The economic interpretation of

this equilibrium is tricky since there is no well-established theory that can guide us12.

12The economic interpretation of the cointegration relationship can be an interesting topic of research
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However, it is very interesting to examine how each variable in the system relates to the

equilibrium and, in particular, how (and if) the risk measures work in order to restore

it. As a preliminary step, we examine the estimated speed of adjustment coefficients in

Eq.5, i.e. the element of the � vector. While this coefficient is close to zero and not

significant for the sovereign credit risk measure, we find a positive and significant speed of

adjustment coefficient for the bank credit risk measure13. Intuitively, this means that the

restoring of the equilibrium relationship comes from the banking sector side. In order to

stress this feature, in Figure 9 we show scatter plots of the changes of the sovereign and

bank credit risk measures versus the cointegration relationship and we add in each plot

a regression line. The graph shows that the slope of the regression line is almost zero for

the sovereign sector case while the regression line is upward sloping for the bank credit

risk. This means that, on average, when the error term of the cointegration relationship

is positive, we observe an increase in the risk measure of the banking sector, while this

does not hold for the sovereign sector. We interpret this as an evidence of the leadership

of the sovereign credit risk in the sense that it drives the bank credit risk, at least at the

aggregate level.

The last step of our empirical analysis concerns how shocks can influence the risk mea-

sures trough the examination of the impulse response functions that we get by imposing

the restriction on the cointegrating vector. In order to identify the shocks, we distinguish

between a permanent sovereign sector shock and a transitory banking sector shock. Thus,

following the approach designed by Cochrane (1994) in his study about permanent and

transitory components of GNP, we orthogonalize the VECM error terms such that the

for another paper. In particular, it would be nice to understand what the common stochastic trend

shared by the two risk measures really represents. One interpretation is that it represents a liquidity

shock affecting the Euro-area during the financial turmoil and/or a sudden increase in investors’ risk

aversion.
13The estimated coefficients are: 0.0003(0.06) and 0.023(3.36), respectively. T-statistics are in paren-

thesis.
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sovereign sector credit risk indicator does not respond contemporaneously to a banking

sector credit risk shock.

Impulse response functions at 60-days ahead horizon are shown in Figure 10 jointly with

95% confidence bands. The results are supportive of our conjecture about the predom-

inant role of the sovereign credit risk sector. As intuition would suggest, all the shocks

produce an increase in the risk measures. Moreover, the magnitude of the responses

confirm the predominance of the sovereign sector as the shocks to the sovereign credit

risk measure have a dramatic impact both on the sovereign sector itself but also on the

banking sector, especially at the long-horizon. Viceversa, the shocks on the bank credit

risk measure affect the sovereign sector but their impact is weaker.

3.4 Conclusions

We construct two synthetic measures of sovereign and bank credit risk for the Euro

area over the period 2008-2010. These measures could be used by vigilance and regula-

tory authorities as thermometers of Euro-area distress according to a macro-prudential

perspective. We calculate the term structures of default-probabilities and show how these

can be used to get a daily measure of contagion-effect inside the European sovereign and

banking sectors. In fact, they represent a useful tool, available on a daily basis, to mea-

sure financial market sentiments about the likelihood of multiple defaults. We analyze the

degree of comovement between sovereign and banking credit risk and we find evidence of

a cointegration relationship. Moreover, shocks to the sovereign credit risk measure have,

overall, a large impact not only to the sovereign credit risk measure itself but also on the

bank credit risk indicator as the analysis of the impulse response functions suggests.

Our results look compatible to what we observed (and to what we are still observing)

during the financial turmoil and they can be useful to get a better understanding of the

European sovereign and bank credit crisis.
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First, the evidence of a cointegration relationship provides empirical confirmation of

the strong nexus that exists between the European sovereign and banking sector in terms

of credit risk.

Second, the evidence of a sort of leadership of the sovereign sector may have im-

portant policy implications. In fact, our empirical exercise suggests the existence of an

equilibrium relationship between the European sovereign and banking sector. While it is

difficult to attach a clear economic meaning to this equilibrium relationship, its dynamic

is intuitively appealing since it shows that it is the banking sector that has to move to re-

establish deviation from the equilibrium. In terms of policy implications, this underlines

the importance of fixing the European banking sector to contain the credit risk attached

to the sovereign sector and, as a consequence, stresses the need of implementing measures

that facilitate the re-capitalisation of European banks and that may increase the level of

liquidity into the banking system.

The analysis of the impulse response functions can be used as well to get some policy

guidelines. First, they point out that shocks that affect the sovereign sector can have a

larger long-horizon impact on the banking sector than shocks to the banking sector itself.

This evidence reinforces the view that European financial authorities should monitor very

carefully the evolution of the current crisis to prevent the dramatic consequences that a

negative loop that goes from the banks to the sovereign entities and then goes back to

the banking sector may have. Second, the magnitude of the effects that the shocks to

the sovereign credit risk measure have on the sovereign risk measure itself calls for an

intervention also at sovereign entities-level in order to limit the possibility of contagion

among them. In other terms, our results provide also a clear support to policies that aim

to contain and reduce Euro-area governments budget deficits. In fact, these policies could

strengthen the position of the most indebted countries and help them to absorb negative

spill-over effects arising from the banking sector or from other sovereign entities.
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Table 1: List of Banks

Bank Country

ERSTE Austria

RAIFFEISSEN ”

KBC Belgium

DEXIA ”

BNP PARIBAS France

CREDIT AGRICOLE ”

DEUTSCHE BANK Germany

COMMERZBANK ”

EFG (from 09/09/2009) Greece

ALPHA BANK (”) ”

ANGLO-IRISH Ireland

ALLIED IRISH BANKS ”

UNICREDIT Italy

INTESA SANPAOLO ”

FORTIS Netherlands

ING BANK ”

BANCO COMERCIAL PORTUGUES Portugal

BANCO ESPIRITO SANTO ”

BANCO SANTANDER Spain

BBVA ”
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Table 2: Descriptive Statistics for Sovereign Credit Default Swaps Premia

Standard

Mean Deviation Minimum Median Maximum

Austria 81.97 50.28 7.00 78.85 273.00

Belgium 66.91 37.72 14.80 57.99 157.75

Germany 32.89 17.51 5.10 33.50 91.85

Finland 31.26 17.55 6.50 28.43 93.92

France 44.10 24.34 6.90 40.56 99.97

Greece 291.27 264.57 35.10 179.31 1125.81

Ireland 174.00 95.62 17.50 163.43 489.77

Italy 113.31 53.42 25.10 107.20 244.70

Netherlands 44.25 27.64 6.70 38.95 131.00

Spain 111.06 62.41 24.20 97.12 274.58

Portugal 125.04 98.30 24.90 83.17 461.32

Notes: The table reports descriptive statistics for daily 5-year sovereign CDS contracts for the period

14/08/2008 - 30/09/2010. The descriptive statistics concern the mean between the bid and the ask CDS

premia.
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Table 3: Descriptive Statistics for Bank Credit Default Swaps Premia

Standard

Mean Deviation Minimum Median Maximum

Erste 180.46 75.96 75.00 160.00 487.13

Raiffesen 205.06 89.32 70.90 180.04 535.00

KBC 165.90 71.73 54.80 145.05 343.30

Dexia 254.32 81.87 75.50 239.15 550.00

BNP 75.72 22.86 34.50 69.27 155.38

Credit A. 100.38 28.42 56.20 90.90 237.81

Deutsche 105.69 27.33 56.30 101.04 187.95

Commerzbank 91.04 23.85 52.79 85.20 170.52

EFG 515.60 274.34 149.61 444.30 1236.70

Alpha B 514.90 279.51 139.60 440.78 1048.80

Anglo I. 451.03 173.78 153.70 412.30 959.04

Allied I. 284.81 138.95 82.50 253.72 646.72

Unicredit 115.00 40.72 43.50 109.95 278.74

Intesa S. 87.13 35.98 32.50 75.17 200.00

Fortis 94.37 45.26 48.88 82.01 666.70

ING 95.42 28.35 47.50 88.25 188.30

BCP 162.89 117.96 53.50 105.49 572.28

BES 185.61 128.96 60.00 126.04 635.58

Santander 111.96 39.61 43.70 98.65 260.51

BBVA 117.96 51.34 44.80 97.59 295.16

Notes: The table reports descriptive statistics for daily 5-year banks CDS contracts for the period

14/08/2008 - 30/09/2010. The descriptive statistics concern the mean between the bid and the ask

CDS premia. Figures of EFG and Alpha Bank are related to the period 09/09/2009 - 30/09/2010.
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Table 4: Principal component analysis

Sovereign Bank

Principal Percent Percent

Component Explained Total Explained Total

First 66.53 66.53 56.88 56.88

Second 12.37 78.90 8.29 65.17

Third 4.22 83.12 6.55 71.72

Forth 3.24 86.36 6.13 77.85

Fifth 2.88 89.24 4.88 82.73

Notes: The table report results of the Principal Component (PC) analysis of the correlation matrices of

the changes of the sovereign and bank CDS premia, respectively. Since CDS premia of EFG and Alpha

Bank are available for a shorter time-horizon, we have excluded them by the PC analysis.
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Table 5: Lag-order selection
Lags Rank AIC log(FPE) HQ SC FML

1 2 -21.1658 -21.1656 -21.0032 -20.7502 -31.1853

1 1 -21.1661 -21.1659 -21.0097 -20.7664 -31.2047

1 0 -21.1114 -21.1113 -20.9676 -20.7437 -31.1805

2 2 -21.2400 -21.2398 -21.0649 -20.7924 -31.2274

2 1 -21.2386 -21.2384 -21.0697 -20.8070 -31.2450

2 0 -21.2075 -21.2074 -21.0512 -20.8079 -31.2444

3 2 -21.3187 -21.3184 -21.1311 -20.8391 -31.2739

3 1 -21.3168 -21.3166 -21.1354 -20.8532 -31.2910

3 0 -21.2996 -21.2995 -21.1308 -20.8680* -31.3043*

4 2 -21.3236 -21.3233 -21.1235 -20.8121 -31.2467

4 1 -21.3221 -21.3218 -21.1282 -20.8265 -31.2642

4 0 -21.3073 -21.3071 -21.1260 -20.8438 -31.2799

5 2 -21.3558 -21.3555 -21.1432 -20.8123 -31.2468

5 1 -21.3560 -21.3557 -21.1496 -20.8285 -31.2660

5 0 -21.3377 -21.3375 -21.1439 -20.8422 -31.2781

6 2 -21.3748 -21.3744 -21.1497 -20.7994 -31.2338

6 1 -21.3739 -21.3736 -21.1551 -20.8145 -31.2519

6 0 -21.3566 -21.3563 -21.1502 -20.8290 -31.2648

7 2 -21.3961 -21.3957 -21.1585 -20.7887 -31.2231

7 1 -21.3927 -21.3922 -21.1613* -20.8012 -31.2385

7 0 -21.3763 -21.3759 -21.1574 -20.8168 -31.2524

8 2 -21.3933 -21.3928 -21.1432 -20.7539 -31.1883

8 1 -21.3906 -21.3901 -21.1467 -20.7672 -31.2045

8 0 -21.3749 -21.3745 -21.1435 -20.7834 -31.2190

9 2 -21.4086* -21.4079* -21.1459 -20.7372 -31.1715

9 1 -21.4049 -21.4043 -21.1485 -20.7495 -31.1868

9 0 -21.3943 -21.3938 -21.1504 -20.7709 -31.2065

10 2 -21.3968 -21.3961 -21.1216 -20.6934 -31.1278

10 1 -21.3929 -21.3922 -21.1240 -20.7055 -31.1429

10 0 -21.3824 -21.3818 -21.1260 -20.7270 -31.1626

11 2 -21.3930 -21.3922 -21.1053 -20.6577 -31.0922

11 1 -21.3891 -21.3883 -21.1077 -20.6697 -31.1071

11 0 -21.3793 -21.3786 -21.1103 -20.6919 -31.1275

12 2 -21.3944 -21.3934 -21.0942 -20.6270 -31.0617

12 1 -21.3901 -21.3892 -21.0961 -20.6387 -31.0762

12 0 -21.3831 -21.3823 -21.1017 -20.6638 -31.0995

Notes: The table reports result of the lag-order selection criteria. Minimum values are represented by an asterisk.

AIC: Akaike Information Criterion

FPE: Final Prediction Error

HQ: Hannan-Quinn Information Criterion

SC: Schwarz Information Criterion

FML: Fractional Marginal Likelihood Criterion
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Table 6: Serial correlation tests

Bootstrapped

distribution

Quantiles 80% 90% 95% 98% 99% Mean SD

r=0

lag

1 5.93 7.68 9.05 11.07 13.72 3.95 2.83

12 6.17 7.81 9.77 12.29 13.69 3.99 2.97

r=1

lag

1 5.61 7.47 9.42 12.23 13.54 3.91 2.90

12 6.04 7.93 9.70 11.04 12.69 3.96 2.80

Chi-square

5.98 7.77 9.48 11.66 13.27 4 2.82

Likelihood Empirical Asymptotic

ratio p-values p-values

r=0

lag

1 LM(4)= 40.59 <0.01 <0.01

12 LM(4)=5.61 0.229 0.230

r=1

lag

1 LM(4)=40.76 0.011 <0.01

12 LM(4)=3.98 0.407 0.401

Notes: The table reports results of the asymptotic and bootstrapped serial correlation tests of the residuals

of the VECM. We report results for residuals lag order=1 and lag order=12. LM is a Lagrange multiplier

test asymptotically distributed as a �2 with n2 degrees of freedom. r indicates the number of cointegration

relations. n indicates the number of endogenous variables in the VECM.

122

Tesi di dottorato "ESSAYS IN EMPIRICAL FINANCE"
di NUCERA FEDERICO CALOGERO
discussa presso Università Commerciale Luigi Bocconi-Milano nell'anno 2011
La tesi è tutelata dalla normativa sul diritto d'autore(Legge 22 aprile 1941, n.633 e successive integrazioni e modifiche).
Sono comunque fatti salvi i diritti dell'università Commerciale Luigi Bocconi di riproduzione per scopi di ricerca e didattici, con citazione della fonte.



Table 7: Cointegration test

Asymptotic

distribution

Quantiles 80% 90% 95% 98% 99% Mean SD

n-r

1 5.93 7.80 9.49 11.98 13.83 4.14 2.71

2 15.23 18.01 20.13 23.32 25.29 11.87 4.44

Bootstrapped

distribution

Quantiles 80% 90% 95% 98% 99% Mean SD

n-r

1 5.36 6.83 8.44 9.76 10.96 3.40 2.51

2 13.77 16.06 19.29 22.83 25.75 10.21 4.74

Likelihood Empirical Asymptotic

ratio p-value p-value

LR(r=0)=22.41 0.02 0.02

LR(r=1)=7.19 0.09 0.13

Notes: The table reports results of the asymptotic and bootstrapped cointegration tests. The empirical

distributions are obtained using a parametric bootstrap procedure. r indicates the number of cointegra-

tion relations. n indicates the number of endogenous variables in the VECM.

Table 8: Restriction test on the cointegration vector

Quantiles 80% 90% 95% 98% 99% Mean SD

Bootstrap 2.67 4.33 5.93 8.61 10.82 1.62 2.20

Chi-square 1.64 2.71 3.84 5.41 6.63 1.00 1.41

Likelihood Emp. Asym.

ratio p-val. p-val.

LR(1)=3.21 0.17 0.07

Notes: The table reports results of the asymptotic and bootstrapped tests of a restriction on the cointe-

gration vector. The empirical distributions are obtained using a parametric bootstrap procedure.
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Figure 1: Ratio between banking sector assets and GDP (source: Eurostat)
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Figure 2: Sovereign CDS premia (source: Reuters Datastream)

Figure 3: Banks CDS premia (source: Reuters Datastream)
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Figure 4: 2-years-ahead probabilities of 1 default: European sovereign sector credit

risk vs European banking sector credit risk
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Figure 5: 1 to 20 quarters ahead term structure of default probabilities: European

sovereign sector

Figure 6: 1 to 20 quarters ahead term structure of default probabilities: European

banking sector

Notes:

Pr 0 = Probability of observing 0 default in the CDS basket

Pr 1 = “ 1 default ”

Pr 2 = “ 2 defaults ”

Pr 3 = “ 3 defaults ”
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Figure 7: VECM residuals
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Figure 8: Cointegration relationship between the European sovereign and bank credit risk

Figure 9: Changes in sovereign and bank credit risk measures vs cointegration relationship

(CR)
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Figure 10: Impulse response functions with 95% confidence bands: 0 to 60 days-ahead
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