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Abstract: This paper investigates the effect of the 2008 financial crisis on informational efficiency
by carrying out a long-memory analysis of European corporate bond markets. We compute the
Hurst exponent for fifteen sectorial indices to scrutinise the time-varying behaviour of long-range
memory, applying a shuffling technique to avoid short-term correlation. We find that the financial
crisis has uneven effects on the informational efficiency of all corporate bond sectors, especially
those related to financial services. However, their vulnerability is not homogeneous and some non-
financial sectors suffer only a transitory effect.

I INTRODUCTION

The study of informational efficiency, a cornerstone of which is the Efficient
Market Hypothesis (EMH), is possibly one of the most elusive issues in

financial economics. Its origins can be traced back to Gibson (1889), who wrote
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that the prices of publicly traded shares “may be regarded as the judgment of
the best intelligence regarding them”. In spite of the fact that one of the first
models of an informationally efficient market (Bachelier, 1900) was based on
the price changes of French government bonds, the literature focused on the
study of stock markets rather than bond markets.

However, the systematic study of informational efficiency was taken up in
the 1960s, when financial economics emerged as a new area within economics.
Fama’s classic definition (Fama, 1976) states that a market is informationally
efficient if it “fully reflects all available information”. Therefore, the key
element in assessing efficiency is to determine the appropriate set of
information that drives prices. Following Fama (1970), informational
efficiency can be divided into three categories: (i) weak efficiency, if prices
reflect the information contained in past series of prices; (ii) semi-strong
efficiency, if prices reflect all public information; and (iii) strong efficiency, if
prices reflect all public and private information. As a corollary of EMH, the
presence of long memory in financial time series cannot be accepted because it
would allow risk-free profitable trading strategies. If markets are
informationally efficient, arbitrage prevents the possibility of such strategies.

Ross (2005) indicates that this definition leads one to believe that prices
are the result of decisions made by individual agents and that they therefore
depend on underlying information. As a corollary, higher returns cannot be
obtained with the same information set. This implies that future returns
depend to a great extent not only on historic information but also on new
information received by the market. Therefore no investor whose information
set is the same as or inferior to the market’s information set can beat the
market.

In a recent paper Bariviera et al. (2012) study the impact of the crisis on
corporate and sovereign bond markets of seven European countries, with
similar results being found in all the countries examined. The interesting
finding that the crisis brings about an enhancement of informational efficiency
in sovereign bond indices and a deterioration in corporate bond indices leads
us to carry out a more detailed study of the effect of the crisis on the
informational efficiency of corporate bonds. According to Bariviera et al.
(2012), there do not appear to be any country-specific characteristics that
influence informational efficiency. We therefore select a tout-court European
corporate bond index for each economic sector in order to detect the
permeability of certain sectors to crisis influence, as reflected in their
informational efficiency.

The aim of this paper is to analyse the time-varying dynamics of
informational efficiency as measured by the long memory of time series and
the impact of the 2008 financial crisis on fifteen sectorial indices of European
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corporate bonds. This article contributes to the literature on EMH in four
important aspects. First, we expand the empirical studies by analysing the
long memory of corporate bond indices. Second, we perform a comparative
analysis of the most important and most recognised sectors of the economy.
Third, we throw some light on the uneven impact of the 2008 financial crisis
across sectors. And fourth, we analyse the European market, where the most
visible effects have taken place and which emerges as an alternative financing
source for companies.

The paper is organised as follows. Section II presents a brief review of the
literature on long memory in corporate bond markets. Section III introduces
the Hurst exponent as a measure for long-range dependence and the
corresponding break point relating to structural changes in the time series.
Section IV presents the data and methodology used in the paper. Section V
sets out the empirical results. Finally, Section VI contains the main
conclusions.

II LITERATURE REVIEW

2.1 The Corporate Bond Market
Corporate bond markets are some of the least studied markets in the

financial literature. However, there are a number of reasons why a detailed
study should be made of their behaviour. Fink et al. (2003), for example, find
that an increase in bond firm financing triggers economic growth. They also
state that the corporate bond market could substitute the banking sector,
enhancing the development of the market. Corporate bond financing also
allows longer maturities and lower lending rates. This means the substitution
of current liabilities by non-current liabilities, which improves a company’s
current ratio. Furthermore, longer maturities allow firms to venture for long-
term investment projects. From an investor’s point of view, corporate bonds
offer an opportunity for portfolio diversification into assets of different
maturities, different credit ratings and, therefore, different yields. Apart from
being one of the main financing sources for European firms, the market for
corporate bonds in this area is one of the biggest in the world. The European
corporate bond market has undergone huge growth in recent years, albeit
interrupted in some sectors due to the 2008 crisis. It is useful to see the effect
of the crisis on certain segments of the corporate bond market. As shown in
Figure 1, the outstanding volume of monetary financial institutions and
financial corporations is maintained unaltered since 2009. Non-financial
corporation bonds have meanwhile been undergoing sustained growth since
2008. There are several reasons for this behaviour. First of all there has been
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a portfolio rebalance in favour of corporate bonds at the expense of sovereign
bonds due to the yield gap between the two types of bond. Second, due to the
credit crunch, managers were forced to go to the market to finance investment
projects.1

Figure 1: Outstanding Volume of Corporate Bonds by Sector. Non-Financial
Corporations Are Shown on the Right-Hand Axis. Both Axes Represent the

Circulation Volume in Billions of Euros

Source: Own calculations based on data from the European Central Bank.

2.2 Weak Informational Efficiency
Much of the literature focuses on long-range dependence in stock markets.

In spite of the fact that the market for corporate bonds is very large in volume
and is popular with portfolio managers, who see these bonds as an attractive
way to invest, there are fewer empirical studies in this area. Barkoulas et al.
(2000), for example, estimate the fractional differencing parameter using the
spectral regression method to measure long memory in the Greek Stock
Exchange. Along similar lines Blasco and Santamaría (1996), using the Brock-
Dechert-Scheinkman (BDS) statistic and Hurst-Mandelbrot R/S analysis,
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prove the existence of strong memory processes in the Spanish Stock
Exchange. Cheung and Lai (1995) report long memory in 5 out of 18 developed
stock markets applying a modified rescaled range test and a fractional
differencing test. Barkoulas and Baum (1996) apply the spectral regression
method to test for fractal structure in aggregate stock returns but find no
strong evidence against the random walk model in US stock returns.

Another issue unsolved in the literature is the time-varying behaviour of
market efficiency. On this aspect Ito and Sugiyama (2009) claim that
inefficiency varies over time in the US stock market. They use a time-varying
structure of autocorrelations of stock return data based on the moving window
method and estimate the time-varying AR(1) coefficients using a state space
model. Applying the Hurst exponent (R/S), Bariviera (2011) argues that time-
varying long-range dependence in the Thai Stock Market is weakly influenced
by the liquidity level and market size. Cajueiro et al. (2009) conclude that
financial market liberalisation increases informational efficiency in the Greek
Stock Market. Kim et al. (2011) observe that return predictability is altered by
political and economic crises but not market crashes, considering different
statistics tests as measures of the degree of return predictability. Alvarez-
Ramirez et al. (2012) categorise market efficiency in terms of entropy and find
that US stock market efficiency varies over time between 1929 and 2012, that
economic context could affect market efficiency and that the strength and
duration of the efficiency deviation could be considered measures of the effect
of specific events. Hooy and Lim (2013) analyse stock market integration by
exploring its association with informational efficiency. By applying an OLS
model and employing the adjusted pricing error from an equilibrium
international asset pricing model as a proxy for market integration, they show
robust evidence supporting the hypothesis that the level of market integration
is significantly and positively related to the degree of informational efficiency.

Despite the importance of fixed income instruments in the composition of
investment portfolios and in company and government financing, these have
not been studied as much as stocks. The fixed income market is divided into
two categories, depending on the legal status of the issuer. The corporate bond
market refers to debt instruments issued by private and public corporations,
whereas the sovereign bond market refers to debt instruments whose
borrowers are autonomous nation states. Bollerslev et al. (2000) uncover long-
memory volatility dependencies in future US Treasury bond market contracts.
They use intraday data from January 1994 to December 1997 partitioned into
5-minute intervals and employ a fractionally integrated GARCH (FIGARCH)
model to capture the daily price volatility of future contracts. Carbone et al.
(2004) determine long memory in log returns for the German stock and
sovereign bond markets using detrending moving average (DMA) scaling
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techniques. Bariviera and de Andrés (2005) discuss the existence of daily
seasonalities in Spanish sovereign bonds for different maturities, analysing
the return volatilities of representative portfolios published by Analistas
Financieros Internacionales. They confirm heterogeneous behaviour
throughout the week. Using methods based on wavelets, Thupayagale (2011)
observes long memory in South African 10-year government bonds,
considering three bond volatility proxies: absolute, squared and log-squared
returns. Jordan and Jordan (1991), using a standard ANOVA test for daily and
weekly data from the Dow Jones Composite Bond Average from January 1963
to December 1986, detect a January effect. Alexander and Ferri (2000) reveal
patterns of daily seasonality in high-yield corporate bonds for daily trading
volume and closing price from Nasdaq’s Fixed Income Pricing System (FIPS).
They use ANOVA and an F-statistic to evaluate the means and medians of
differences in measures of trading volume proxied by the number of bonds
traded, the number of trades and the market value of the traded bonds.
ANOVA and t-statistics are used to gauge differences in the daily percentage
price change. McCarthy et al. (2009) confirm long memory in yields for
corporate bonds and in the spread of returns for corporate bonds and treasury
bonds. The analysis is carried out on Aaa and Baa corporate and 10-year
Treasury bonds. They estimate a Hurst exponent and the degree of fractional
integration of the yield spread in two ways, using a semi-parametric
aggregated series and a discrete wavelet. Hotchkiss and Ronen (2002) study
the informational efficiency of the bond market relative to the stock market for
a sample of US market companies. Analysing daily and hourly transactions for
55 high-yield bonds between January and October 1995 they find no
significant difference in the informational efficiency of the two markets. They
use a vector autoregression approach (VAR) to establish the causal
relationship. Downing et al. (2009), however, employ bivariate vector
autoregressions in order to examine lead-lag relations between bond and
equity returns. From the daily and hourly returns for 3,000 bonds and equities
issued by 439 firms over the period from October 2004 to December 2005, they
find that the corporate bond market is less informationally efficient than the
stock market. Bariviera et al. (2012) carry out a comparative analysis of the
effect of the 2008 financial crisis on European sovereign and corporate bond
markets using a Hurst exponent. They suggest that the effect of the crisis was
more evident in the informational efficiency of the corporate bond market than
in the sovereign bond market. Bariviera et al. (2013) illustrate that relative
informational efficiency proxies based on information theory quantifiers tally
with the classification provided by credit rating agencies such as Moody’s and
Standard & Poors.
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There are other ways of assessing the evolution of efficiency. Rosso et al.
(2007) introduce the complexity-causality plane in order to distinguish
between Gaussian and non-Gaussian processes. Zunino et al. (2010) show that
this innovative approach is very useful for discerning the stage of stock
market development. In particular it enables quantification of the influence of
two sources of inefficiency that are present in the underlying stochastic
process: long-range correlation and fat tails. In Zunino et al. (2011), an
application of the complexity-entropy causality plane was extended to the
study of the efficiency of commodity prices.

III LONG-RANGE DEPENDENCE USING A HURST EXPONENT

A classic assumption in financial models is that stock price changes are
independent and identically distributed and can be represented by a Brownian
motion. Hence an asset pricing model like the Black-Scholes option formula
precludes the possibility of long-term memory in price changes. This
assumption has been controversial because, as mentioned in Section 2.2, there
are numerous empirical studies that document departures from the Brownian
motion model. The presence of such behaviour is essential for time-series
modelling and forecasting. Mandelbrot and Wallis (1968) and Mandelbrot
(1972) propose an alternative model which includes long memory. This
stochastic process, called Fractional Brownian Motion (FBM), is a
generalisation of the classic Brownian motion and can be described as:

1          t
ωH(t) = ––––––––– � (t – τ)H–0.5 dω(τ) (1)

Γ(H + 0.5)  0

where ω (t) is a standard Brownian motion and Γ(·) is the standard Gamma
function. For H = 0.5, Equation (1) is a standard Brownian motion. If H � 0.5
the process exhibits long range correlation. If H < 0.5 the stochastic process is
anti-persistent, i.e., negative changes are most likely followed by positive
changes than at a point chosen at random On the contrary, if H > 0.5 the
stochastic process is persistent, i.e., it exhibits positive long-term correlation.

There are several techniques for assessing the existence of long memory.
These include the Hurst exponent.2 The Hurst exponent’s H characterises the
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scaling behaviour of the range of cumulative departures of a time series from
its mean.

There are several methods (both parametric and non-parametric) for
calculating the Hurst exponent. For a survey on the different methods of
estimating long-range dependences, see Taqqu et al. (1995) and Montanari et
al. (1999). Serinaldi (2010) carries out a comprehensive review of different
methods for estimating the Hurst exponent and concludes that applying an
inappropriate estimation method can lead to incorrect conclusions about the
persistence or anti-persistence of financial series. These methods include
rescaled range analysis (R/S), as used in Hurst (1951) and Mandelbrot and
Wallis (1968) and detrended fluctuation analysis (DFA), as developed by Peng
et al. (1994). The former is selected because it is the most popular method in
the economic literature, while the latter is chosen because it produces better
estimates of long-range dependence and is not affected by non-stationarities in
time series (Grau-Carles, 2000).

We reject using Lo’s modified R/S statistics (Lo, 1991) since this procedure
is biased toward accepting the null hypothesis of no long-range dependence
and is less conclusive than the DFA method. For a more detailed discussion on
the weaknesses of Lo’s R/S, see Teverovsky et al. (1999) and Willinger et al.
(1999).

3.1 Rescaled Range
One of the most common and classic measures of long-range dependence

was proposed by Hurst (1951) and is a method widely used in the economic
literature. It uses the range of the partial sums of deviations of a time series
from its mean, rescaled by its standard deviation. If we have a sequence of
continuous compounded returns {r1, r2, … , rτ}, τ in which τ is the length of the
estimation period and r̄τ is the sample mean, the R/S statistic is given by

1          τ τ
(R/S)τ � –– � max  � (rt – r̄τ ) – min � (rt – r̄τ )� (2)

sτ 1�t�� t=1                       1�t�� t=1

where sτ is the standard deviation

1   
sτ � � – � (rt – r̄τ )2�

1/2
(3)

τ

Hurst (1951), found that the following relation

(R/S)τ= (τ/2)H (4)

is verified by many time series in natural phenomena. The use of R/S analysis
in economic time series was pioneered by Mandelbrot (1972) and became very
popular with the development of econophysics.
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3.2 Detrended Fluctuation Analysis
Peng et al. (1994) develop the detrended fluctuation analysis (DFA) that is

most appropriate when dealing with non-stationary data. This method has
received good feedback from researchers in different fields. The algorithm is
described in detail in Peng et al. (1995) and begins by computing the mean of
stochastic time series y(t), for t = 1, … , M. An integrated time series x(i), 
i = 1, … , M is then obtained by subtracting the mean and adding up to the 
i − th element, x(i) = Σi

t=1[y(t) − ȳ]. Then x(i) is divided into M/m non-
overlapping subsamples and a polynomial fit xpol(i, m) is computed in order to
determine the local trend of each subsample. Next the fluctuation function

______________________
1  M

F(m) = � — � [x(i) – xpol(i, m)]2 (5)
M i=1

is computed. This procedure is repeated for several values of m. The
fluctuation function F(m) behaves as a power-law of m, F(m) � mH, where H is
the Hurst exponent. Consequently, the exponent is computed by regressing
ln(F(m)) onto ln(m). In this paper, we use a linear polynomial fit and 
4 < m < M/2, m � N. Details of the algorithm and parameters selection can be
found in Goldberger et al. (2000). As recognised by Grau-Carles (2000), the
DFA method avoids spurious detection of long-range dependence due to non-
stationary data. DFA has also been used successfully in finance by Podobnik
et al. (2006), Jiang et al. (2007), Yuan et al. (2009), Wang et al. (2009) and Wang
and Liu (2010), among others.

IV DATA AND METHODOLOGY

We use daily data from the Markit iBoxx corporate bond indices, which are
market leaders in fixed-income benchmark indices. In particular we use
indices classified by sectors of activity. These sectors are banks, financial
services, insurance, basic resources, chemicals, automobiles, media, food,
energy, healthcare, construction, industrial, technology, telecommunications
and utilities. For a full description of index methodology, see Markit Group
Limited (2012). The period under examination is from 04/06/2001 to
08/02/2013 for a total of 3,050 observations. All data used in this paper were
retrieved from DataStream. 

We estimate the Hurst exponent for daily returns3 using 1,024 datapoints
determined by sliding windows corresponding to a period of roughly 4 years. 
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A selection of this length is made because it is long enough to provide
consistent estimates of H and reflects political cycles in most countries. This
approach has been successfully applied by Cajueiro and Tabak (2004a),
Cajueiro and Tabak (2004b), Bariviera (2011) and Bariviera et al. (2012). The
sliding window approach works as follows: we compute the Hurst exponent for
the first 1,024 returns, then discard the first return and add the following
return of the time series. We continue in this way until the end of the data.
Thus each H estimate is calculated from data samples of the same size. We
obtained 2,026 Hurst estimates. Figures 2 and 3 show the evolution over time
of the Hurst exponents for the different sectors under study. We compute the
Hurst exponent using the R/S and DFA methods not only for the original
series but also for the shuffled time series. The rationale for using shuffled
data is to remove short-range correlations in the data. Following Erramilli et
al. (1996), we perform an “internal shuffle”. We select blocks of 5, 10 and 20
consecutive returns and randomise the sequence within each block, keeping
the order of the blocks unchanged. This procedure was also used by Cajueiro
and Tabak (2004b) and Zunino et al. (2007) in order to reduce contamination
of the Hurst exponent with short-range correlation.

4.1 Estimation of Time Series Break Points
When analysing time series, it would be interesting to detect changes in

trend. Since we are computing the Hurst exponent with sliding windows, we
explore the possibility of finding a disruption point in the time series of Hurst
estimates. A break point is the observation that separates the time series into
segments of different slopes or trends.

There are several ways of testing structural changes in statistics and
econometrics, most of which are designed for a single structural change
(Zacks, 1982; Garcia and Perron, 1996). Bai and Perron (1998) and Liu et al.
(1997) estimate and test linear models with multiple structural changes by
minimising the sum of least squared residuals. However, their assumptions
and arguments are different. Bai and Perron (1998) obtain rates of
convergence for the estimated break points for fixed and shrinking
magnitudes. Other papers relating to multiple change points include Gombay
and Horváth (1994), Bai (1997) and Hawkins (2001). Zeileis et al. (2010) apply
structural change tools to Chinese and Indian interest rate evolution taking
into account different environment changes in each economy. Bai (1997)
studies the relationship between changes in market interest rates and
changes in discount rates, including lagged dependent variables and trending
regressors. Bai and Perron (2003) continue their previous theoretical work
(Bai and Perron, 1998) on the limiting distribution of estimators and test
statistics in the linear model with multiple structural changes, also
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performing empirical applications. Zeileis et al. (2003) test for the existence of
structural changes for three different sets of data developed with an R package
for statistical computing. They highlight some advantages of the R package
strucchange relating to the visualisation and graphical analysis and sequences
of F statistics, which often carry information about the presence and allocation
of break points in the data. In this paper, we include break point analysis in
order to discover the effect of the 2008 financial crisis on different corporate
bond sectors. In line with this aim we, therefore, look for a single structural
change in the Hurst estimate time series using an R package strucchange
(Zeileis et al., 2002).

V RESULTS

We compute the Hurst exponent using two different methods: the rescaled
range (R/S) and detrended fluctuation analysis (DFA).

According to the Hurst estimates obtained using the R/S method (see
Figure 2), a large change in informational efficiency can be detected in four
sectors around 2008 and 2009, which could be considered the start of the 2008
financial crisis.4 As explained in Section III, R/S estimates may suffer from
short-term correlation contamination, a situation that could lead to erroneous
conclusions.

We, therefore, perform the same analysis using the DFA method. First of
all, a common feature of all Hurst series between 2008 and 2010 is their 
U-shape, an effect that could be due to the ongoing financial crisis. This means
that informational efficiency was increasing for almost all sectors during the
period before the financial crisis (see Figure 3). However, the successive
impact was asymmetric among the sectors under scrutiny. We can divide this
dynamic behaviour into two groups. The first, comprising the chemicals,
healthcare, industrial, media, technology, telecommunications and utilities
sectors, after a period of distress returned to efficiency levels similar to those
of the pre-crisis period. This shows that the impact was transitory for these
sectors. The second group, made up of the automobile, banking, basic
resources, construction, energy, financial services and insurance sectors, was
more severely affected by financial distress. For these sectors it was not
temporary but lasted at least until the end of the sample period. In particular
they exhibit much worse efficiency levels than in the preceding period, as
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Figure 2: Evolution of the Hurst Exponent with Sliding Windows, Computed
by the R/S Method
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Figure 3: Evolution of the Hurst Exponent With Sliding Windows, Computed
by the DFA Method
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reflected in the upward trend of the Hurst estimates. The food sector presents
an erratic behaviour during the pre-crisis period, which prevents a formal
analysis from being made.

In order to analyse the effect of the crisis, we test for the existence of a
break point in the Hurst estimates time series using the R package developed
by Zeileis et al. (2002). The estimated break points can be grouped into several
sets according to break point date. The results are shown in Table 1. The
telecommunications, utilities and food sectors have an early break point at the
end of 2006 and during 2007. The sectors most closely related to financial
services present a disruption point in the time series from October 7 to
November 4 2008, subsequent to the collapse of Lehman Brothers. This result
makes sense because the 2008 crisis started as financial turmoil. The only
exception is the banking sector, which along with the other remaining sectors
shows a break point during 2009. The chronological cascade of break points
could be looked at through different lenses. First, how an important economic
event, such as the bankruptcy of a leading financial institution in the US,
affected the European corporate bond market. Second, how the crisis started
in the financial world and quickly crossed over into the real economy of the
EU. The rapid spillover was helped by the development of the financial
market, which not only suffered the disease but also acted as a very dangerous
transmission vector throughout the whole economy.

In order to check the robustness of our analysis and remove any remaining
short-term correlation, we compute DFA Hurst estimates with shuffled data.
As explained in Section IV and following Erramilli et al. (1996) and Cajueiro
and Tabak (2004b), we shuffle data in blocks of 5, 10 and 20 consecutive
returns. Figures 4 and 5 show that the temporal shape is very similar for each
sector and the break points are around the same dates. This reaffirms the
strong effect of the 2008 financial crisis on the informational efficiency of the
European corporate bond market and the dissimilar shock across sectors.5
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Figure 4: Evolution of the Hurst Exponent with Sliding Windows, Computed
Over Shuffled Data in Blocks of Five Elements, Using the DFA Method
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Figure 5: Evolution of the Hurst Exponent with Sliding Windows, Computed
Over Shuffled Data in Blocks of Ten Elements, Using The DFA Method
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VI CONCLUSIONS

This paper carries out a detailed analysis of the long memory content of 15
sectorial indices of European corporate bonds between 2001 and 2013. The
main results relate to the time-varying behaviour of informational efficiency.
We detect a downward trend in the Hurst exponent until 2008. The Hurst
estimates tend to converge to H = 0.5. This movement reflects a general
improvement in informational efficiency. In line with the origin of the 2008
crisis, the turmoil became a financial crisis and later crossed over into the real
economy. This could be seen in the informational efficiency deterioration
cascade for 12 sectors of the sample. Our analysis differentiates between two
distinct sets of sectors. One set suffered temporary stress but returned to its
previous level of efficiency. This set was made up of the chemicals, healthcare,
industrial, media, technology, telecommunications and utilities sectors. The
other set underwent an enduring effect, which remained significant until the
end of the sample period. This set, comprising the automobile, banking, basic
resources, construction, energy, financial services and insurance sectors, saw
a reduction in its informational efficiency. These results provide new evidence
concerning the efficiency of the bond market, showing the extent of different
reactions in terms of informational efficiency due to the financial crisis, which
is very useful for when investors make decisions regarding investment
portfolios. Our results could also be useful for policymakers when designing
prudential regulations with respect to risk bearing.

Table 1: Break Point Dates for the Hurst Estimate Time Series

Sector Date

Telecommunications 25-12-06
Utilities 30-03-07
Food 18-10-07
Financial Services 07-10-08
Basic Resources 30-10-08
Insurance 04-11-08
Construction 29-05-09
Automobiles 09-07-09
Energy 16-07-09
Banks 04-08-09
Media 05-08-09
Healthcare 06-08-09
Technology 06-08-09
Chemicals 18-08-09
Industrial 01-10-09
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