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Abstract
The evolution of the spreads between unsecured money market
rates of various maturities and central banks’ key policy rates has
been subject to considerable debate and controversy in relation to
the worldwide financial market turbulence that started in August
2007. Our contribution to the ongoing debate on the dynamics of
money market spreads is empirical and methodological, motivated by
the “shocking” evidence of non-stationary behaviour of money market
spreads. In fact, in our view, empirical work assessing the eﬀectiveness
of central bank policies has largely overlooked the complexity of the
market environment and its implications for the statistical properties
of the data. Thus, our main goal is to carefully document both the
economic and statistical “fingerprint” of money market turbulence, in
the framework of a new econometric framework, carefully accounting
for the persistence properties of the data.
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1

Introduction

The evolution of the spreads between unsecured money market rates of various maturities and central banks’ key policy rates has been subject to considerable debate and controversy in relation to the worldwide financial market
turbulence that started in August 2007. There are two dimensions in the
debate, one macroeconomic and the other microstructural.1 The macroeconomic perspective is related to the short-cut approach followed in most
macroeconomic models which is to assume that the central bank controls (by
whatever means) the interest rate that is relevant, directly, for the investment and consumption decisions of economic agents; or, in more sophisticated macroeconomic models, the assumption that the central bank may be
able to steer, via arbitrage arguments, a (single) term structure of interest
rates through pricing the expected path of future policy rates plus a term
premium (time-varying or not). With a term structure of interest rates in
the macroeconomic model both short- and long-term interest rates may aﬀect
the investment and saving decisions of economic agents and thereby influence
macroeconomic outcomes. However, the recent turbulence in money, credit
and financial markets raised some questions about the “controllability” by
central banks of the term structure of interest rates. In fact, whilst central
banks have generally kept close control of very-short term unsecured money
market rates (i.e. for overnight interbank deposits) and were also able to
keep a steady influence on some longer-term money market interest rates
(e.g. overnight index swap rates and general collateral repo rates), central
banks seemed at pains to steer the evolution of the term structure of unsecured money market rates (e.g. EURIBOR anf LIBOR rates), at least in the
early stages of the crisis. Still, as the latter rates are those used by investors
and other market participants as indexing for derivatives contracts, and by
banks to set interest rates on mortgage rates for households and rates on
short-term financing for firms’ working capital and other longer-term financing, it is those rates that may be of relevance to gauge the monetary policy
stance and its appropriateness. Thus, macroeconomic models should in the
future be able to incorporate those factors that make it more diﬃcult for
central banks to influence the financing costs of the whole economy thereby
hampering the transmission mechanism of monetary policy.
This leads to the other side of the controversy which is about the microstructural factors that may explain the (existence and) divergence and
instability in the evolution of the interest rates of various money market in1

For a microstructural comprehensive review of the 2007-2009 financial crisis see
Acharya and Robertson (2009).
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struments (i.e. their spreads). If these spreads are constant, or predictable
with a great degree of confidence, the short-cut of considering a single and
“controllable” short-end of the term structure of interest rates may be an
acceptable simplification for macroeconomic modelling. Indeed, until August 2007 this was the prevailing view that was grounded on solid empirical
evidence for the main currency areas over the last decades.
Central to the recent controversy are the relative roles of liquidity and
counterparty (credit) risks in explaining the size and dynamics of various
money market spreads and the term structure of the spreads. Understanding
what are the major driving forces behind the evolution of money market
spreads has important implications for central bank policy, which is likely to
be more eﬀective in addressing liquidity problems (e.g. via Lender of Last
Resort - LOLR - intervention) than for addressing solvency issues (which
should be addressed by the fiscal authorities). In this debate there are two
opposing camps particularly in the USA. On the one side of the debate the
financial crisis is seen as one of banking solvency a view most prominent
among academic economists and vividly expressed by Taylor (2009); the
authors in this camp strongly criticize central banks’ liquidity interventions
during the crisis for being either wrong or misguided and, at best, having
had no eﬀect. On the other side of the camp one finds, not surprisingly,
mainly central bank economists, which tend to see the crisis as evolving in
various stages being the initial stage marked mainly by liquidity problems
that subsequently “metastasized” into a solvency crisis; these authors tend
to see central bank liquidity injections as rather appropriate and successful at
least during the first stages of the turbulence (see among others Christensen
et al 2009, McAndrews et al 2008, Wu 2008).
Our contribution to the ongoing debate on the dynamics of money market
spreads is both methodological and empirical and is motivated by the “shocking” evidence of non-stationary behavior of money market spreads. On the
methodological side we are sceptical about the feasibility of clear-cut separating credit and liquidity risks, i.e. liquidity and solvency banking problems
in the context of the ongoing financial crisis given its systemic nature.2 In
our opinion, money market spreads are best seen as an indicator of stress in
the money market, reflecting three inter-related factors: (1) liquidity funding
risk; (2) credit / counterparty risk; and (3) investor sentiment / risk appetite
/ confidence. On the empirical side, it is our view that most empirical work
testing the eﬀectiveness of central bank policies has largely overlooked the
complexity of the market environment and its implications for the statistical
2

See Brunnermeier (2009) on the links between liquidity dry-ups and defaults, in the
context of the financial crisis.
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properties of the data. For example, the empirical analysis in Taylor (2009)
relies on the strong correlation between money market spreads and CDS to
conclude that the former are a measure of credit risk only, and the eﬀects
of central bank actions are tested using dummy variable techniques in obviously misspecified regressions (i.e. with autocorrelated and heteroskedastic
residuals). Other authors interpret the residuals of an OLS-type regression
of money market spreads on CDS spreads as measuring liquidity risk (see
Eisenschmidt and Tapking, 2009). Of course, residuals may capture other
factors beyond liquidity risk. Moreover, the non-stationarity of the data
and the instability in the estimated parameters are either overlooked or not
tested. Thus, our second goal is to carefully document the economic and
statistical “fingerprint” of money market turbulence, by means of a novel
Fractionally Integrated Heteroskedastic Factor Vector Autoregressive (FIHFVAR) approach, allowing for an accurate modelling of the persistence
properties of the data. Within this framework we provide a decomposition
of the EURIBOR-OIS spreads and suggest their economic interpretation.
The remainder of the paper is structured as follows. Section 2 presents
the data and reviews the economics of money market spreads in the euro
area. Section 3 presents the econometric methodology. Section 4 reports
the econometric results on persistence and Section 5 on copersistence. The
global dimension of the crisis is illustrated in Section 6. Impulse-response
analysis and forecast error variance decomposition are presented in Section
7. Section 8 concludes.

2

Data and modelling issues

In this paper we empirically model the dynamics of the spreads between
unsecured inter-bank lending rates and overnight swap rates. In our view
EURIBOR-OIS (EO) spreads are indicators of stress in the euro area interbank market; EO spreads should reflect three inter-related factors: (1)
funding liquidity risk which is the risk that a bank may not be able to make
cash payments or settle its debts when they fall due; (2) credit / counterparty
risk which is the risk that a loan may not be paid back and interest payments
not received; and (3) investor sentiment / risk appetite / confidence which
is the willingness of investors to commit funds for risky projects. Moreover,
during crisis periods prices may deviate significantly and in a protracted
manner from fundamental valuations (e.g. due to limits to arbitrage), quantities may “clear” the market (e.g. rationing due to asymmetric information).
Therefore, non-arbitrage models may fail to capture the underlying dynamics
of risk factors during systemic crisis periods.
5

However, even if EURIBOR-OIS (EO) spreads reflected only credit risk,
its pricing under risk-neutral conditions based on intensity models (see Duﬃe
and Singleton 2003) would require an estimate of the (expected) loss given
default; this, in turn, would require estimating the recovery rate of interbank loans and the probability of default of banks, which became immensely
hazardous due to uncertainty surrounding the valuation of the assets of the
banks, undermining the trust on traditional quantitative and statistical techniques to pricing risks and credit spreads; structural models of credit risk
pricing would be even more diﬃculy to estimate.
The EURIBOR, or Euro Interbank Oﬀered Rate, is an average interbank
lending rate obtained from inquiring a panel of large banks at which rate
they would be willing to oﬀer funds to highly rated banks. Thus, EURIBOR
rates are reference rates for uncollateralized lending in Euro. Note that
there must not be any eﬀective transaction among banks associated with
the reference rates. Indeed, after August 2007 market participants reported
that there were virtually no funds traded among banks at term maturities;
however, EURIBOR quotes have never been discontinued. This is probably
due to the fact that these rates also provide indexing for lending by banks to
households and firms and for derivatives contracts (e.g. interest rate futures
and options).
The EONIA, or Euro Over Night Index Average, is a quantity weighted
average of the rates applied to uncollateralized overnight lending by a panel
of large Euro area banks. Thus, the EONIA represents rates with underlying
traded volumes. Overnight Index Swaps (OIS) are the fixed rates of swaps
contracts for various maturities, whereby one party to the contract pays the
fixed rate and in exchange receives the average EONIA over the maturity
of the contract. In a swap contract there is no exchange of principal which
mitigates counterparty risk. If one party to the contract defaults there is
interest rate risk that needs to be covered until the remaining maturity, but
there is no pecuniary loss due to default.
Both EURIBOR and OIS rates incorporate expectations of the average
overnight rate until maturity; these expectations cancel out when one computes EURIBOR-OIS spreads using rates of the same maturity. If the resulting spreads are diﬀerent from zero it is likely that this is due to counterparty
risk, which is priced in the EURIBOR rate but not in the OIS rate.
However, consider for example a three-month OIS contract; a bank with
access to the overnight interbank market can borrow daily for three months
covering the interest rate risk by paying the fixed leg of the swap contract
and receiving the average variable EONIA. The bank will prefer this option
to the alternative of borrowing unsecured at EURIBOR if the latter rate is
at a large spread against the OIS; if a large number of banks follows this
6

strategy the OIS rate will tend to increase narrowing the spread. Nevertheless, this strategy presupposes that the bank will always be able to borrow
the needed funds in the overnight interbank market, exposing the bank to
the risk that such liquidity may not be available every day for the next three
months, for example, if the bank has a rating downgrade and its credit lines
are tightened as a result. Moreover, relying exclusively on the overnight interbank market for funding longer-term assets leads to an extreme maturity
mismatch exposing the bank to the liquidity funding risk embedded in such
maturity transformation. Thus, liquidity funding risk may, after all, prevent
the convergence between the OIS rate and the EURIBOR rate. The EO
spread may reflect liquidity risk due to a diﬀerent channel which is liquidity hoarding when, faced with large uncertainty about the valuation of their
own assets and the availability of longer-term funding, banks are led to build
up “excess reserves” (for a similar argument see Eisenschimdt and Tapking,
2009).
In addition to these factors EO spreads may reflect swings in investor sentiment or, more generally, the state of investors confidence. As emphasized
by Akerlof and Shiller (2009) animal spirits may have played an important
role in the build up and the unfolding of the crisis and, in their view, central
bank interventions may be most powerful precisely when market confidence
collapses. Moreover, in the context of a systemic banking crisis it is very diﬃcult to distinguish financial institutions that are “only” liquidity constrained
from those that are insolvent, due to the chain of derivatives contracts and
the opacity of interbank linkages and over-the-counter transactions. For all
these reasons we consider the various EO spreads as measures of money market stress reflecting the complex interaction between liquidity risk, credit risk
and swings in investor confidence. In adition to these considerations the financial crisis exposed the limits to arbitrage (Griﬀoli and Ranaldo 2009) and
the role of asymmetric information (Heider et. al. 2009).
Against this backdrop, a rigorous evaluation of the impact of central
bank policies is plagued with diﬃcult methodological problems. First and
foremost, the counterfactual cannot be known; thus, we cannot rigorously
test whether and where central bank policies made a diﬀerence. Second, in
essence, central bank interventions during the crisis amounted to replacing
private financial intermediation that was sharply shrinking. A sharp and
sudden shrinkage of the financial sector would have had a devastating impact
of the “real” economy. Third, by accepting as collateral for refinancing,
securities that suddenly became illiquid (e.g. ABS) central banks prevented
a massive failure of financial institutions worldwide even without increasing
the overall liquidity supply; and even if these interventions did not have
an immediate and visible impact on money market spreads, they may have
7

prevented the emergence of even higher money market spreads and disorderly
conditions in a wide range of financial markets.
The sample covered in the econometric analysis runs from 20 June 2005
until 7 April 2009, for a total of 992 working days. The data set is composed
of fifteen EO interest rate spreads, from the 1-week maturity (wt1w ) to the
1-year maturity (wt12m ). The data is of daily frequency and its source is
REUTERS.
As shown in Figure 1 (top plots), EO dynamics are telling concerning the
size and development of the financial crisis. Two waves of increasing stress
(panic) can be detected in the interbank market since the beginning of the
crisis. The beginning of the first wave is on August 9 2007, i.e. the day the
French bank BNP Paribas revealed its inability to value structured products
for three of its investment funds.3 The crisis triggered interventions by the
European Central Bank and the US Federal Reserve, injecting overnight
funds of EUR 95 billion and US$38 billion, respectively, on August 9 and
August 10 2007. Additional measures were taken by the ECB, the US Federal
Reserve and other central banks in the following days.4 The interbank market
stress was indeed sizable, with the average spread moving from a range of
3b.p. (1-week) to 7b.p. (1-year), to a range of 15b.p. to 74b.p. until 15
September 2008.5 Since September 16, the day after of Lehman Brothers
bankruptcy, which can be taken as the starting day for the second wave
of magnified money market stress, the spreads climbed rapidly, to reach
maximum values in the range of 100b.p. to 233b.p. between October 8 and
3
While panic started in August 9 2007, just a few days before, on July 31 2007, KfW a
German state owned bank provided EUR 8.1 billion in support of the German bank IKB,
which was followed on August 1 2007 by the announcement of a EUR 3.5 billion rescue
package from the German government. And earlier the US subprime crisis had already
been mounting at least since the beginning of 2007, when the 2007-01 BBB- ABX index
fell abruptly below par (to about 80) after issuance. The following issue, i.e. the 2007-02
BBB- ABX index, even started trading below par at about 60, evidencing the diﬃculty
in pricing sub-prime risk. Major drops then occurred in August (to 40) and October
(to 20) 2007. ABX index price decline has continued through 2008, trading in October
2008 at a value of about 5. Panic was determined by uncertainty concerning the value
of the sub-prime collateral. The information problem then translated into uncertainty
concerning the value of any structured product oﬀered as collateral in repo transactions,
not just residential mortgage-backed securities (RMBS), leading to the freezing of the repo
markets.
4
For a comprehensive chronology of the measures taken by the major central banks
and the main market events see Global Financial Crisis Timeline - The University of Iowa
Center for International Trade & Development.
5
See Brunnermeier (2009), ECB (2007) and Ferguson at al. (2007) for an early assessment of the US sub-prime credit crisis. A comprehensive assessment can be found in
Acharya and Richardson (2009).
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October 13, according to maturity (sample average values after the second
wave of stress are in the range 28b.p. to 155b.p.). In the face of major
diﬃculties in the banking sector in the US and Europe, various forms of
liquidity injection and unconventional monetary policy measures were taken
by central banks, aiming at defreezing the interbank and credit markets,
and easing the banking sector from the burden of unperforming loans, as
well as to facilitate its recapitalization which has been supported by the
intervention of the governments.6 Starting from December 5 2008, spreads
have progressively narrowed, albeit with diﬀerent speeds across maturities,
i.e. at a quicker pace for the shorter maturities. In particular, while the
one-, two- and three-week rates have returned to the pre-Lehman Brothers
bankruptcy levels by the end of our sample, i.e. April 7 2009, the one-year
rate was still 20b.p. above the pre-Lehamn bankruptcy average value at the
end of sample.
Not only the level of the spreads, but also their volatility seems to have
been aﬀected by the crisis. From Figure 1 (bottom plots) large changes in
spread volatility can be noted, from standard deviation values in the range
1.0 b.p. to 1.5 b.p., across maturities, over the pre-turmoil period, to a range
of 9 b.p. to 19 b.p. over the first stress wave period, and to a range of 20
b.p. to 45 b.p. over the second stress wave period. Hence, there also appear
to be a close and positive association between the level and the volatility of
the spreads not only concerning the direction of change (increasing across
crisis regimes), but also concerning the timing of change (changes in level
and volatility are temporally coordinated). The 20-day moving standard
deviations plotted in Figure 1 (central plots) show similar dynamics relative
to the spreads in levels. In particular, with reference to the end of the
sample, a similar progressive reduction in levels and volatility towards first
stress wave’s overall levels can be noted.
Overall, the evidence suggests that by April 2009, markets had almost
overcome the second wave of stress, but they were still fairly apart from precrisis values. Indeed, this finding is fully consistent with the evidence that
the financial crisis spilled over to the real economy in the euro area since the
fourth quarter of 2008.

3

Econometric methodology

In our empirical analysis, we jointly model the dynamics of the EO interest rate spreads (xt ) according to the following fractionally integrated het6

For a summary of government measures for supporting banking systems in the euro
area see ECB (2009 a, b).
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eroskedastic factor vector autoregressive (FI-HFVAR) model
xt = Λµ µt + Λf ft + C(L)(xt−1 − Λµ µt−1 − Λf ft−1 ) + vt(1)
(2)
vt ∼ iid(0, Σv )
p 0
(3)
D(L)ft = η t = ht ψt ,
(4)
ψt ∼ iid(0, Σψ )
2
(5)
M(L)(ht − wt ) = [M(L) − N(L)]η t
where xt is a n-variate vector of long memory processes subject to structural
breaks7 , ft is a r-variate vector of heteroskedastic long memory (in mean (d)
and variance (b)) factors (0 < di < 1, 0 < bi < 1, i = 1, ..., r), µt is an mvariate vector of common break processes, vt is a n-variate vector of zero mean
idiosyncratic i.i.d. shocks, with covariance matrix Σv = diag {σ 21 , σ 22 , ..., σ 2n },
ψt is a r-variate vector of common zero mean i.i.d. shocks, with covariance
matrix Σψ = Ir , E [ψit vjs ] = 0 all i, j, t, s, Λf and Λµ are n × r and n × m,
respectively, matrices of loadings, C(L) is a finite order stationary matrix of
polynomials in the lag operator, i.e. C(L) = C1 L + C2 L2 + ... + Cs Ls , Cj
j = 1, .., is a square matrix of coeﬃcients of order n,
ª
©
D(L) = diag (1 − L)d1 , (1 − L)d2 , ..., (1 − L)dr
and

M(L) = diag {(1 − β 1 L), (1 − β 2 L), ..., (1 − β r L)}

©
ª
N(L) = diag φ1 L(1 − L)b1 , φ2 L(1 − L)b2 , ..., φr L(1 − L)br

are diagonal stationary polynomial matrices in the lag operator of order r.
Hence, ht is the time dependent r-variate conditional variance vector process,
defined as ht = V ar(ft |Ωt−1 ), following the A-F IGARCH(1, d, 1) process of
Baillie and Morana (2009), where wt is the long-term conditional variance
process or the break in variance process. Non negativity constraints, involving the β i , φi , and bi parameters, for well defined conditional variance
processes are discussed in Baillie and Morana (2009) and imposed in estimation following the exponential specification of Engle and Rangel (2008). The
long memory factors ft , are also assumed to be conditionally orthogonal, i.e.
qf,t = Cov(fi,t , fj,s |Ωt−1 ) = 0 all i, j, t, s.

3.1

The reduced fractional VAR form

By taking into account the binomial expansion in (2) and substituting (2)
into (1), the infinite order vector autoregressive representation for the factors
7

See Baillie (1996) for an introduction to long memory processes.
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ft and the series xt can be written as
·
¸
·
¸
¸·
ft
Φ(L)
0
ft−1
=
Φ∗ (L) C(L)
xt − Λµ µt
xt−1 − Λµ µt−1
¸
·
εft
,
+
εxt

(6)

where Φ∗ (L) = [Λf Φ(L) − C(L)Λf ], Φ(L) = Φ0 L0 + Φ1 L1 + Φ2 L2 + ..., Φi ,
∀i, is a square matrix of coeﬃcients of dimension r,
·
¸ ·
¸ p
¸
·
0
ηt
I
0
=
[ ht ψt ] +
.
εt
Λf
vt

3.2

Estimation

Since the infinite order representation cannot be handled in estimation, a
truncation to a suitable large lag for the polynomial matrix Φ(L) is required.
p
X
Hence, Φ(L) =
Φj Lj . Then, estimation can be implemented following an
j=0

iterative procedure consisting of the following steps.
• Step 1: persistence analysis. Long memory and structural break
tests are carried out on the series of interest in order to determine their
persistence properties. Several approaches are available in the literature for
structural break testing and estimation, as well as for long memory parameter
estimation. See the Section on persistence properties for details.
• Step 2: initialization. Conditional on the presence of structural
breaks and long memory in the series investigated, an initial estimate of the
unobserved deterministic (break processes) and long memory features can be
obtained by decomposing the series into their break process (bt ) and long
memory components (lt ), i.e. xt = bt + lt .
•• Then, the common break processes are estimated by means of
Principal Components Analysis (PCA) implemented using the estimated
break process b̂t , yielding an estimate of the m × 1 vector of the standardized
−1/2 0
(Σ̂µ̂ = Im ) principal components or common break processes µ̂t = Λ̂b Â b̂t ,
where Λ̂b is the diagonal matrix of the estimated non zero eigenvalues of the
reduced rank variance-covariance matrix of the (estimated) break processes
Σ̂b̂ (rank m < n) and Â is the matrix of the associated orthogonal eigenvectors.
•• Next, the common long memory factors can be obtained by means
of PCA implemented using the estimated break-free series bft = xt − b̂t , yield−1/2
ing the estimate of the r common long memory factors fˆt = Λ̂bf B̂ 0 b̂ft , where
11

B̂ is the matrix of the estimated orthogonal eigenvectors associated with the
r non-zero eigenvalues of the reduced rank variance-covariance matrix of the
(estimated) break-free processes Σ̂bf (rank r < n).
• Step 3: starting the iterative procedure. Conditional on the
estimate of the deterministic and stochastic factors, the iterative procedure
is started by computing a preliminary estimate of the polynomial matrix
C(L) and the Λf factor loading matrix, by means of OLS estimation of the
equation system in (1).
•• Then, a new estimate of the m deterministic factors and their
factor loading matrix canh be obtained
i by the application of PCA to the long
memory-free series xt − I − Ĉ(L)L Λ̂f fˆt .
•• Next, conditional on the new common break processes and their
factor loading matrix, the new common long memory factors can be obtained
as the first r principal components of the set of break-free processes xt − Λ̂µ µ̂t ,
and new estimates for the C(L) polynomial matrix and the Λf factor loading
matrix can also be obtained by means of OLS estimation of the equation
system in (1).
•• The procedure described in step 3 is then iterated until convergence.
• Step 4: restricted estimation of the full model. Once the final
estimates of ft and µt are available , the fractional diﬀerencing parameters are
estimated for each common long memory factor and their truncated infinite
order VAR representation is obtained, i.e. the matrix polynomial Φ̂(L) is
computed from the truncated binomial expansion of the long memory filters.
By employing the estimate of the Φ(L) matrix and the final estimates of
Λf , Λµ and C(L) matrices, the restricted VAR in (6) can be estimated.
Following the thick modelling strategy of Granger and Jeon (2004), median
estimates of the parameters of interest, and confidence intervals robust to
model misspecification, can be obtained by means of simulation methods.
We refer to Morana (2009) for details concerning the identification of the
common and idiosyncratic shocks, which can be performed by means of a
double Choleski approach, and the computation of impulse response functions
and forecast error decomposition.
• Step 5: conditional variance analysis. Median factor estimated
residuals can be firstly computed using the estimated median (me) parameters, i.e.
η̂ t = fˆt − Φ̂(L)(me) fˆt−1
Then, an A-FIGARCH version of the O-GARCH model of Alexander
and Chibumba (1996) and Alexander (2002) is implemented. The latter
consists of the following steps. Firstly, the model is estimated for each of the
12

factor residual series and the conditional variance process computed (ht ).
Secondly, consistent with the assumptions of conditional and unconditional
orthogonality of the factors, the conditional variance (Hx,t ) and correlation
(Rx,t ) matrices for the actual series may be computed as
Hx,t = Λf Ht Λ0f ,
where Ht = diag {h1,t , h2,t , ..., hr,t }, and
∗−1/2

Rx,t = Hx,t

∗−1/2

Hx,t Hx,t

,

∗
= diag {hx1 ,t , hx2 ,t , ..., hxn ,t }, respectively.
where Hx,t

3.2.1

Asymptotic properties

Recent theoretical results validate the use of PCA in the case of both weakly
(Bai, 2003) and strongly (Bai, 2004; Bai and Ng, 2004) dependent processes.
In particular, Bai (2003) establishes consistency and asymptotic normality
of PCA when both the unobserved factors and the idiosyncratic components
show limited serial correlation, and the latter also display heteroskedasticity in both their time-series and cross-sectional dimensions. In Bai (2004)
the above results (consistency and asymptotic normality) are extended to
the case of I(1) unobserved factors and I(0) idiosyncratic components, also
allowing for heteroskedasticity in both the time-series and cross-sectional
dimensions of the latter component. Moreover, Bai and Ng (2004) have
established consistency also for the case of I(1) idiosyncratic components.
As pointed out by Bai and Ng (2004), consistent estimation should also
be achieved by principal components techniques in the intermediate case of
long-memory processes, and Monte Carlo results reported in Morana (2007)
provide supporting small (cross-sectional) sample empirical evidence for PCA
in the latter framework. Finally, PCA based estimation of common non linear deterministic components from a set of estimated individual non linear
deterministic components has also been advocated by Bierens(2000).8
The proposed estimation procedure is multi-step, but iterated to improve
eﬃciency, based on the use of consistent and asymptotically normal estimators9 of the fractional diﬀerencing parameter (semiparametric or parametric
estimators) and the weakly dependent part of the model (the OLS estimator).
Moreover, the model could also be estimated without fractional prefiltering,
by relying on the infinite order VAR representation of the VARFIMA structure of the D(L) matrix, leading to standard stationary polynomials in the
lag operator, with all the roots outside the unite circle.
8
9

Yet, details cannot be found in the published version of his paper.
In some cases also asymptotically eﬃcient.
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Although a formal proof is beyond the scope of this paper, it is conjectured, therefore, that the proposed estimation procedure leads at least to
consistent estimation of the parameters and quantities of interest.

4

Persistence properties

The large and persistent changes in the mean and volatility levels of the
spreads are indicative of structural breaks in their mean and variance components. As other forms of persistence are plausible, in addition to breaks,
i.e. long memory or stochastic persistence, a modelling framework allowing to account for both features, and to distinguish among them, should be
employed. The Dolado et al. (2004) structural break test (DGM test), modified to account for a general and unknown structural break process (Morana,
2009) has therefore been employed in order to assess the source of persistence
in the investigated series. Moreover, also the Bai and Perron (BP, 1998) test
has been employed in order to gauge evidence on the number and location
of break points. On the other hand, the Moulines and Soulier (1999) broad
band log periodogram (BBLP) estimator10 has been employed to assess the
degree of fractional integration of the actual and break-free EO spreads.

4.1

Methodological details

The results of the BP tests are reported in Table 1, Panel A. As is shown
in the Table, the evidence points to two break points with similar location
across maturities, occurring between August 9 and August 16 2007 the former, and on September 16 2008 the latter. Hence, the selected break points
can be related to the starting days of the two stress waves, i.e. August 9 2007
and September 16 2008.11 Very large absolute and relative increase in the
mean of the spreads, i.e. in the range 48% to 255%, according to maturity
10

The Moulines and Soulier (1999) broad band log periodogram estimator yields an
estimate of the fractional diﬀerencing parameter (d) from OLS estimation of the regresp
X
P
)
√ k + vt , where λj = 2πj/nm ,
sion ln(exp−ψ(m)
In (λj ) = d (−2 log λk ) +
[γ i cos(iλ
π
i=0

Jk

j = 1, ..., n/2, m is the size of the nonoverlapping blocks for periodogram (In (λj )) averaging, nm = 2m [n/2m], Kn = n/2m, k = 1, ..., Kn , Jn = {m(k − 1) + 1, ..., mk},
λk =q
(2k −
³ 1)π/2Kn´, ψ(m) is the digamma function. Under some conditions it follows
d
n
that pn dˆpn,m − d → N (0, mψ 0 (m). The order of the cosine expansion is determined

by means of Mallow’s CL criterion, while a choice of m = 4 is suggested in Moulines and
Soulier (1999).
11
It is September 16 2008, rather than September 15 2008, the starting day of the second
wave of panic for Europe, due to lagged markets opening eﬀects.
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(88% on average across maturities), and 9% to 32% (16% on average across
maturities), can be noted for the selected dates, respectively. Moreover, also
December 5 2008 could be selected as additional break point, and associated
with the 75b.p. cut announced on December 4 2008 by the ECB and implemented on December 10 2008. In addition to a sizeable contraction in the
EO spreads, in the range -11% to -31% (-16% on average), also a reversal
in the EO spreads trend can be observed. Starting with December 5 2008,
spreads have steadily decreased, converging towards first stress wave levels.
As the minimum regime length is fixed at 0.15T , the significance of the suggested additional break point could not be tested by means of the BP test.
Implementation within the DGM testing framework, however, suggest that
the additional selected break point, as well as the changing slope structure,
is appropriate for the data investigated (results are discussed below).
Hence, concerning the structure of the candidate break process three modelling strategies have been implemented. The first strategy allows for an
abrupt change in the level of the modelled variables (dummy model, DM).
The break points have been selected according to the BP test, also allowing,
after additional testing (using the DGM test), for a changing slope structure
and for a break occurring on December 5 2008. Moreover, a flexible Fourier
functional form (Gallant, 1984; FFM) and a cubic spline smoother (CSM) approach have also been employed which do not require any assumption on the
exact timing and number of break points (see Enders and Lee, 2004; Baillie
and Morana, 2009; Engle and Rangel, 2008), allowing for a smooth transition
across regimes, as well as for a time-varying mean level within each regime. A
dummy model with smooth (spline) transitions across regimes (DCSM) has
finally also been employed. The latter model allows for additional flexibility
relatively to the standard dummy model, and it seems particularly suited for
the data at hand, where relatively large changes in the level of the variables
occur consecutively in the range of few days, rather than in just a single day.
Also in the spline-dummy specification a broken trend component has been
included.
In addition to the mean component, also the volatility component has
been assessed for structural breaks by means of the BP test, using the absolute first diﬀerence of the spreads as volatility proxy. While the increase in
long-term volatility triggered by the unfolding of the crisis and the spreading
of the first stress wave is undisputable, less clear-cut is whether a further
increase in long-term volatility occurred following the spreading of the second stress wave. As is shown in the Table, the location of the break points
would be similar to what was found for the mean of the process, with breaks
occurring around August 9 2007 and September 16 2008. Yet, the selection
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of the latter break point is not robust to the selection method employed.12
Hence, after some experimentation, a single break point, i.e. August 9 2007,
has been retained for the rest of the analysis.
The following break process specifications have then been employed:

α0 + α1 D1,t + α2 D2,t + α3 D3,t + α4 D4,t
DM



K

P

α0 + α1 t + α2 t2 + α3 t3 + [γ j sin(2πjt/T ) + δj cos(2πjt/T )] FFM
bpt =
,
j=1



f (t)
CSM

 p
(α0 + α1 D1,t + α2 D2,t + α3 D3,t + α4 D4,t ) t fp (t)
DCSM

where t = 1, ..., T , T = 992, D1 is a (first stress wave) step dummy variable
with unity value over the period August 9 2007 to April 7 2009 included, D2 is
a (second stress wave) step dummy variable with unity value over the period
September 16 2008 to April 7 2009 included, D3 is a (second stress wave)
broken linear trend variable, with non-zero values over the period September
16 2008 to December 4 2008 included, D4 is a (stress resolution) broken linear
trend variable, with non-zero values over the period December 5 2008 to April
7 2009 included, K is the order of the trigonometric expansion of the Fourier
flexible functional form, while the objective function for the determination
of the smoothing parameter p for the spline specification is
Z
X
00
2
S(p) = p
(xt − f (lt )) + (1 − p) f (lt )2 ,
t

where xt is the generic
interest rate spread to be smoothed, li defines the
Z
00
position of knots, f (t) is the integrated squared second derivative of the

cubic spline function f (l) = ai + bi l + ci l2 + di l3 . See Silverman (1985)
for details on estimation. Diﬀerently, for DM and FFM OLS estimation is
performed, while DCSM requires a two-step procedure, i.e. the application
of OLS estimation first and then spline smoothing in the neighborhood of
the break points in the estimated dummy break process.
In Figure 1 (bottom plots) the estimated break processes, obtained by
means of the diﬀerent methods, are plotted for the 1-week and 1-year maturities. As shown in the plot, all methods yield similar estimates of the
candidate break processes, with, FFM and CSM implying a smoother transition across regimes. Yet, as revealed by the BP test, the transition across
regimes was fairly abrupt, requiring few working days to be completed. The
12

The modified BIC criterion (LWZ) points to a single break point occurring on August
9 2007 for all the series, apart from maturities between the two-month and seven-month
horizon. The results are avaialble upon request from the authors.
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DCSM specification can be retained as the preferred specification among the
four, as it allows for a quicker transition across regimes than CSM and FFM,
still however avoiding a one-step change as for DM. However, as it will be discusses below, the results of the persistence analysis are robust to the actual
selection of the break process.
Finally, the DGM test is implemented by means of the Dickey-Fuller type
auxiliary regression
d

d

∆ yt = ∆

bp∗t

−

φbp∗t−1

+ φyt−1 +

s
X

∆d yt−j + vt ,

(7)

j=1

where bp∗t is the estimated candidate break process from any of the four
models employed, vt ˜iid(0, σ 2v ). The null hypothesis of I(d), i.e. pure long
memory, implies φ = 0, while the alternative of I(0) stationarity plus structural change implies φ < 0. Critical values have been computed, case by
case, by means of simulation assuming two scenarios for the long memory
process φ(L)(1 − L)d yt = εt , εt ˜iid(0, σ 2ε,t ) under the null. The first scenario
(I) assumes that σ 2ε,t = σ 2ε , t = 1, ..., 992, i.e. unconditional homoskedasticity. On the other hand, the second scenario (II) assumes unconditional
heteroskedasticity, with σ 2ε,t = σ 2ε,1 , t = 1 (20/06/05), ..., 588 (08/08/07) and
σ 2ε,t = σ 2ε,2 , t = 589 (09/08/07), ..., 992 (07/04/09). The values of the parameter employed in the simulations were set according to the properties shown
by the investigated series. The lag order s in the auxiliary specification was
finally selected by means of the AIC criterion, allowing for up to five lags.

4.2

Results for the DCSM specification

In Table 1 the results of the persistence analysis are reported13 . According
to the BBLP estimator, strong (non stationary) long memory can be found
in the actual EO spreads, with an average estimated fractional diﬀerencing
parameter of about 0.94 (0.041). A Bonferroni bounds test does not allow to
reject the null of equal fractional diﬀerencing parameter across EO spreads
for the actual series (the minimal p-value across the 110 possible bivariate
tests is 0.002, to be compared with a 5% critical value equal to 5E-4). Sizable
long memory can also be found in the break-free series yield by the various
specifications in, the range 0.24 to 0.64 (0.40 (0.041) on average) for the
DCSM approach. A hump-shaped profile can be noted in the cross-section of
13

Due to the potential break in the unconditional variance of the EO spreads, the estimates of the long memory parameter for the break-free series are obtained from standardized procesess, using the selected regimes for the unconditional means and variances
of the spread processes.
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persistence, the latter increasing with maturity up to the three-week horizon
and decreasing thereafter.14 A Bonferroni bounds joint test yields clear-cut
rejection of the null of equal fractional diﬀerencing parameter for the breakfree series across all the maturities, the latter results being due to stronger
persistence at the shortest end of the term structure, while similar persistence
can be found for consecutive maturities.
The finding of significant long memory in both the actual and break-free
specifications points to non spurious structural change in the EO spreads, as,
otherwise, evidence of overdiﬀerencing, i.e. a negative estimate for the fractional diﬀerencing parameter, would be expected (see Granger and Hyung,
2004). The DGM test supports the latter conclusion, pointing to significant
break processes for all of the EO spreads, as the null of pure long memory
process is rejected in all of the cases, at the 5% significance level (a zero lag
order (s = 0) was the selected optimal order by the AIC criterion for the
DGM auxiliary equation).
Evidence of significant instability can also be detected in the estimated
persistence parameter, when computed separately for the pre-crisis and crisis
periods. The null of temporal stability is in fact strongly rejected both using a
Bonferroni bounds joint test (the p-value is 1E-9 in both cases) and maturity
by maturity pairwise comparison.

5

Copersistence properties

The analysis in the previous section documents the dramatic change in the
economic determinants of the EO spreads after August 9 2007. In fact, the
Euro area money market changed from an environment that generated stationary EO spreads, which could be modelled by mean-reverting random
changes around a constant (and small) unconditional mean, to an environment of unpredictable changes in EO spreads, modelled, in our framework,
as non-stationary (long-memory) processes, with the non-stationarity feature
due to structural breaks in the mean and variance of the processes, occurring
with changes in levels, slope and persistence. The latter time series features
14

Similar results have been obtained by the application of the other break process estimation approaches, which, for reasons of space, are not reported. Overall, FFM and CSM
point to stronger persistence in the break-free series than DM and DCSM. The finding
may suggest that the former two approaches are not fully satisfactory in capturing the
evolution of the break process for the data at hand, so that the excess persistence found
may depend on some structural change still left in the data. This is also in the light of the
fact that DM and DCSM do not lead to antipersistence in the break-free series. Detailed
results are available upon request from the authors. PLEASE SEE APPENDIX A FOR
REFEREEING PURPOSES.
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challenge the existing financial models which, to a large extent, have been
developed around mean-reverting processes for interest rates, credit spreads
(with or without jumps), and risk factors (see Duﬃe and Singleton, 2003).
However, if the dynamics of the whole term structure of EO spreads could
be decomposed into just a few underlying common factors, an economic interpretation of the EO spreads would still be feasible. Thus, in this section
we assess the presence of commonalities in the EO spreads, using principal
components analysis (PCA), which, as discussed in the methodological section, is motivated by recent theoretical and simulation results concerning the
application of PCA for strongly persistent and non stationary processes. As
shown in Table 2, indeed strong evidence of commonalities can be detected
in the actual EO interest rate spreads. In fact, a single principal component
explains about 99% of total variance, also accounting for over 95% of the
variance of each of the EO spreads from the 2-week maturity onwards.

5.1

Cobreaking and common long memory factor analysis

By isolating the break process component from the long memory component,
as shown in Table 2, independently of the break process modelling strategy
implemented, over 99% of total variance for the break process components is
explained by the first principal component. The latter also accounts for over
95% of the variability of the break process for each of the maturities, apart
from the shortest one. Yet, also for the latter the proportion of explained
variance is never lower than about 90%. Therefore, the selection of a single
common break process for the spreads is a clear-cut finding (Figure 2, top
plot).
Turning to the long memory components, as shown in Table 2, it is found
that over 80% of total variance is accounted by the first two principal components (65% and 18%, respectively) for the DCSM break-free series, with the
former aﬀecting all the maturities, but the latter accounting for the bulk of
variance for maturities within 1-month (41% to 63%). Independently of the
break modelling strategy, higher order principal components mainly capture
idiosyncratic features, pointing therefore to a clear-cut selection of two common long memory factors.15 In terms of persistence properties, as shown in
15
Essentially the same results are obtained for DM, while for FFM and CSM the proportion of total variance accounted by the first principal component is larger, i.e. about
80%. Moreover, for FFM and CSM the first principal component is dominating also at
the short end of the term structure (26% to 78% within 1-month). Detailed results are
avaiable upon request from the authors.
Yet, some interesting diﬀerences can be noted for the two categories of models, i.e. the
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Table 3 and Figure 2 (central plots), the two stochastic factors show the long
memory feature, with estimated fractional diﬀerencing parameters consistent
with the findings for the break-free series. In fact, the estimated fractional
diﬀerencing parameters are 0.320 (0.041) and 0.516 (0.041) for the first and
second principal component, respectively, and 0.418 (0.041) on average. Subsample (pre-crisis and crisis) estimation and testing points to a significant
increase in persistence following the unfolding of the crisis (Table 3, doubling
for the first factor and a three fold increase for the second factor), moving
from stationary long memory (the fractional diﬀerencing parameters are 0.24
and 0.44 for the first and second factor, respectively) for the pre-crisis sample
to non stationary long memory (the fractional diﬀerencing parameter is 0.87
for both cases) for the crisis sample.16 The discontinuity in persistence can
easily appreciated in Figure 3, showing a sizable increase in persistence following August 9 2007 (observation 559), as the common long memory factors
appear to be much smoother than before.
Finally, anticipating some of the results obtained through the estimation
of the FI-HFVAR model, both long memory and structural change can be
detected also in the volatility of the estimated common long memory factors.
Long memory in variance is however not strong, with estimated fractional
diﬀerencing parameters of about 0.10 and 0.23 for the first and second common long memory factors, respectively.17 As is shown in Figure 2 (bottom
plots), the change in the level and range of variation of the conditional standard deviation process, after the unfolding of the crisis, is remarkable (a
four fold increase). Both similarities and diﬀerences can be detected across
factors. For instance, for both factors the increase in volatility was particularly strong at the outset of the crisis in August 2007, requiring up to two
dummy models (DM and DCSM) on the one hand, and the flexible/spline models (FFM
and CSM) on the other hand. In fact, while for the former category of models the second
factor (the one closely associated with the shortest end of the term structure of EO spreads)
is the most persistent one, the opposite can be noted for the second category of models.
Given the persistence properties shown by the break-free series (the shortest maturities
being more persistent than the longest ones), it can be concluded that the common long
memory factors extracted from the DM and DCSM break-free series are more likely to
oﬀer an accurate description of the persistent dynamics in risk spreads.
16
The 0.5 ≤ d < 1 case is often referred as the non stationary, yet mean reverting, long
memory case. The mean reversion property depends on the fact that the eﬀects of shocks
eventually dye out, i.e, provided d < 1, the sequence of impulse response weights converges
to zero asymptotically.
17
Adaptive FIGARCH(1,d,1) models, with cubic spline dummy intercept component
for the conditional variance equation have been estimated for both (final) common long
memory factors. Estimation is performed directly on the common factor residuals obtained
through filtering using median estimated parameters, as described in the methodological
section.
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months to stabilizing about the new higher levels. Further instability can
be detected, around December-February 2008, for the second factor. Finally,
an additional increase in volatility can be detected for both factors following
Lehman bankruptcy in mid September 2008. For both factors the reversion
to pre-Lehman volatility levels is already evident starting from mid December 2008, possibly associated with the commitment of the ECB to ensure a
smooth working of the money market, using all the available tools, as witnessed by the progression of interest rate cuts, reinforcing the excess liquidity
creation achieved by the full allotment policy.

5.2

A suggested economic interpretation

The empirical evidence on the cobreaking and copersistence properties of the
EO spreads suggests the following economic interpretation of their dynamics.
Level factor of credit spreads Firstly, the long-term evolution of EO
spreads is very similar across maturities, as a single common break process
explains over 90% of the variance for each maturity. Hence, this component
captures the level of EO spreads in the crisis period reflecting, among other
factors, confidence (risk appetite). In fact, as shown by the structural break
analysis, the break process in the EO spreads can be related to the two waves
of increasing bank stress, and a third break point, following the announcement of the larger than expected rate cut by the ECB, when a declining
trend in the levels of the EO spreads started. The evidence on break points
highlights the importance of the rate cuts by the ECB (as well as by other
central banks) in contributing to improving the level of confidence in the
money market. Of course, rate cuts also contributed directly to improving
the credit and liquidity prospects for banks.18 As shown in Figure 3, the
increasing common break process component (top plot) indeed reflects the
timing of the banking crisis; its declining trend coincides with the timing of
the rate cuts by the ECB in a sequence of steps (five in the sample period;
middle plot), which was reinforced by the full allotment policy started in
October 2008 that led to a situation of excess liquidity in the money market (middle plot). The latter policy consisted in allotting in full at a fixed
rate all bids submitted by banks at all open market operations conducted
by the ECB for all maturities (one-week, one-, three- and six-month maturities, in the sample period). The full allotment-fixed rate policy generated
18

In a risk-neutral valuation framework the probability of default and the recovery rate
are the main determinants of the credit spread. A decrease in the level of the short-term
rate may lead to a decrease in the probability of default.
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a liquidity surplus that led to systematic and large recourse to the deposit
facility of the Eurosystem as illustrated in Figure 3 (after observation 863,
middle plot).19 This illustrates the intermediation role played by the ECB
as it was simultaneously providing credit to the banking system and taking
deposits from it. However, note that towards the end of the sample period
(after observation 900), while the common break process was on a declining trend a measure of banks’ credit risk (iTraxx Euro Financials) kept on
rising thereby casting some doubts about any stable relationship between
EO spreads and CDS-based measures of credit risk (bottom plot); indeed
this evidence gives strong support to the hypothesis that beyond credit risk
considerations, liquidity risk and/or confidence factors were also relevant in
explaining the evolution of the EO spreads.
Curvature factor of credit spreads Secondly, the medium-term evolution of the EO spreads shows two distinct dynamics. The first common long
memory factor (principal component) accounts for dynamics which are common to all the EO spreads; however it is dominating for maturities above
one-month and, in particular, for maturities between three and six-months.
This feature is reminiscent of a curvature factor capturing the medium-term
evolution in the credit spreads during the crisis period. As illustrated in Figure 4 (top plot) the peaks in this component coincide with moments when the
major central banks announced coordinated actions, in particular announcements on US$ operations which, in the context of the US Fed Term Auction
Facility (TAF), allowed banks outside the US market to get US dollar funding
directly (against collateral) namely from European central banks (e.g. ECB,
Bank of England and Swiss National Bank). The US dollars were provided by
the US Fed to the European central banks via bilateral swap lines. Note that
after each of the three major announcements highlighted by vertical bars in
Figure 4 (top plot) this component of EO spreads either declined sizably or
stabilised, suggesting some eﬀectiveness of the measures in alleviating money
market tensions.20 In fact, the cross correlation analysis suggests that the an19

Excess liquidity is measured by the daily net recourse to the deposit facility of the
Eurosystem (NSF = recourse to marginal lending facility - recourse to the deposit facility).
The deposit facility has an overnight maturity and its remuneration is below market rates
thereby setting the floor for the level of the overnight interest rate. The marginal lending
facility has also an overnight maturity and has a penalty rate thereby setting the ceiling
for the overnight interest rate.
20
The first two bars (observations 648 and 650, December 12 and 14 2007) correspond
to: 1) communication on joint action ECB and US Fed Res on dollar funding via USD TAF
(2 auctions were announced with 28 and 35 day maturities to be conducted on 17/Dec/07
and 20/Dec/07 up to USD 20 billion); 2) joint announcement of measures to address
money market tensions by Bank of Canada, BoE, ECB, US Fed, and SNB). The third bar
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nouncents on coordinated actions are positively correlated to developments
in the first common long memory factor (Figure 4; middle panel left hand
side plot). Other cross-correlations were calculated between the first common
long memory factor and ECB fine-tuning operations (FTO) (Figure 4; middle
panel right hand side plot), the share of longer-term refinancing operations in
total refinancing volume (LTRO/Total) (Figure 4; lower panel left hand side
plot) and the daily reserve surpluses21 (DRS) (Figure 4; lower panel right
hand side plot) only the cross-correlation with the ratio LTRO/Total is statistically significant. In fact, the dark bars illustrate the negative correlation
between the first common long memory component and the contemporaneous and lagged values of the ratio LTRO/Total. This suggests that the ECB
policy of increasing the share of longer-term operations in the total outstanding refinancing volume (one-month, three-month and six-month maturities),
contributed to decreasing the credit spreads, in particular, between the three
and six months maturities (a kind of "curvature eﬀect").
Slope factor of credit spreads The second long-memory factor mainly
explains dynamics common to the shortest end of the EO spreads term structure. This feature is reminiscent of a slope factor capturing the medium-term
evolution in the credit spreads during the crisis period. This slope factor
may capture a “pure” liquidity risk component. Interestingly as illustrated
in Figure 5 (top plot) there seems to be a close correlation during the crisis between this component and large volume fine-tuning operations conducted by the ECB. Note that negative fine-tuning operations (FTOs) refer
to liquidity absorbing operations and positive FTOs to liquidity providing
ones. Thus the positive contemporaneous correlation between the second
long-memory component and FTOs indeed suggest that the former captures
movements in the EO spreads associated to shorter-term liquidity imbalances
that are being "corrected" by the ECB as further illustrated by the crosscorrelation analysis (Figure 5; middle panel right hand side plot). Other
cross-correlations were calculated between the second common long memory
factor and coordinated announcements (Figure 5; middle panel left hand side
(observation 712, March13 2008) corresponds to joint announcement by ECB, BoEngland,
US Fed, BoCan, SwissNB on USD operations. The fourth bar (observation 863, August 10
2008) corresponds to the day of the announcement of full allotment in (TAF-related) ECB
US dollar credit operations, matched by a correspondent swap line of unlimited amount
from the US Fed to the ECB.
21
DRS measures the daily deviation of banks’ current accounts with the Eurosystem
from their daily average reserve requirement. During the crisis DRS became systematically large and positive at the beginning of the reserve maintenance period and large and
negative towards the end of the reesrve maintenance period leading to an early fulfilment
of the minimum reserve requirement (so-called frontloading).
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plot), the share of longer-term refinancing operations in total refinancing volume (LTRO/Total) (Figure 5; lower panel left hand side plot) and the daily
reserve surpluses22 (DRS) (Figure 5; lower panel right hand side plot). The
cross-correlation between the second long memory component and the ratio LTRO/Total is statistically significant and positive especially for lagged
values of LTRO/Total. This suggests that the ECB policy of increasing the
share of longer-term operations in the total outstanding refinancing volume,
whilst contributing to decreasing term spreads (curvature eﬀect documented
above), led to an increase in the credit spreads at the very short-end of the
money market curve, in what looks like a substitution (slope) eﬀect.

6

Some issues related to the global dimension
of the crisis

The evidence discussed so far is related to the Euro area money market. Yet,
the persistent features uncovered are not peculiar to the Euro area and, due
to the global nature of the crisis, are likely to be shared by major financial
markets. For comparison and robustness assessment, the persistence analysis
has been repeated using the whole term structure for the US dollar LIBOROIS (LO) spreads, i.e. the one-week and two-week maturities and the onemonth through the one-year maturities.23
Overall the findings for the LO spreads are strongly consistent with the
results for the EO spreads, along all the dimensions considered by the persistence and copersistence analysis:
• spreads are strongly persistent: the average fractional diﬀerencing parameter is about 0.93 (0.041); persistence is accounted for by both long memory
and structural breaks;
• structural breaks: the location of the break points is similar to what was
found for the euro area, i.e. large change in the mean and volatility of the
spreads have occurred in correspondence of unfolding of the two stress-waves;
• cobreaking: independently of the break model, a single common break
process accounts for almost 100% of total variance for the break process
components across maturities (Figure 6, top plot); the latter factor accounts
22

DRS measures the daily deviation of banks’ current accounts with the Eurosystem
from their daily average reserve requirement. During the crisis DRS became systematically large and positive at the beginning of the reserve maintenance period and large and
negative towards the end of the reesrve maintenance period leading to an early fulfilment
of the minimum reserve requirement (so-called frontloading).
23
For reasons of space detailed results are not reported, but are available upon request
from the authors.
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for over 90% of total variance for each spread with maturity beyond two
months; for maturities within one month the percentage of explained variance
is in the range 65% to 78% for the selected DCSM model;
• long memory: strong evidence of long memory in the break-free series
can also be found. The average figure from the DCSM model is 0.493. The
degree of persistence is not constant along the term structure, being higher
for shorter maturities than for longer ones;
• common long memory factors: two common long memory factors are
suﬃcient to account for almost 100% of total variance (Figure 6 middle and
bottom plots); the first factor (curvature factor) aﬀects all the maturities,
with impact weakest at the very short end of the term structure (below 55%
within the 1-month maturity) and strongest at medium- long term maturities
(over 80%); the second factor (slope factor) is on the other hand strictly
related to the shortest end of the term structure (about 45% on average
within the 1-month maturity);
• the crisis has determined a significant increase in the persistence of the
two common long memory factors, i.e. about 70% and 50% for the first and
second factors, respectively. The transition from stationary to non stationary
long memory is also detected as a consequence of the crisis, albeit LO spreads
appear to be relatively more persistent than EO spreads before the setting
in of the crisis, but relatively less persistent over the crisis. Hence, the latter
finding suggests that shocks may have a more long lasting impact in the
Euro area than in the US. Also the normalization of the interbank market
may then occur more quickly in the US than in the Euro area, as, following
the correction in the long-term level, break-free spreads would adjust more
rapidly in the US than in the Euro area.
By comparing the common permanent and persistent components extracted from Euro area and US data, a close positive association between
the common break process components can be noted, with correlation coeﬃcient, over the crisis sample, equal to 0.96. A positive linkage, yet of weaker
intensity, can also be detected for the two common long memory factors,
with full sample correlation coeﬃcient equal to 0.29 and 0.50, for the first
and second factors, respectively; comovement appears to be stronger over
the crisis period than the pre-crisis period for the first factor (the correlation
coeﬃcients are 0.39 and 0.19, respectively), while comovement is of similar
intensity for the second factor (the correlation coeﬃcients are 0.44 and 0.51,
respectively).
Overall, the findings are consistent with the view that the global dimension of the crisis is captured by the permanent/long-term (common break
process) component of the risk spreads, while the common long memory
factors describe more idiosyncratic national-level adjustment dynamics. In25

terestingly, according to estimates, while risk factors in the US and the euro
area were very close over the pre-crisis period, i.e. the EO-LO spread was
about -3.2bp, over the first stress wave (August 9th 2007 to September 15th
2008) a reversal took place, with the EO-LO spread having averaged at about
12bp. Again a reversal took place in the aftermath of the second stress wave,
with the EO-LO spread having been negative (-28bp on average) for most
of the second stress wave period. The findings have interesting implications
concerning the direction of contagion across the Euro area and the US money
markets. While the first stress wave started with bad Euro area news - on
August 9 2007 the French bank BNP Paribas revealed inability to value
structured products for three of its investment funds-, the second stress wave
started with bad US news -on September 15 2008 the US bank Lehman
Brothers went to bankruptcy. From the sign of the EO-LO spread, at least
in its aftermath, the relative importance of the shock across countries can be
gauged, as well as the direction of international contagion.

7

The FI-HFVAR model

In the light of the results of the persistence and co-persistence analysis, pointing to a single break process and two common long memory factors, the dimension of the FI-HFVAR model is seventeen equations, corresponding to
the fifteen money market EO spreads plus the two common long memory factors. On the basis of the detected instability in the persistence parameter,
the model has been estimated by allowing the fractional diﬀerencing parameter to take diﬀerent values for the pre-crisis and crisis periods, consistent
with the findings of the persistence analysis (Table 2).24
Following the thick modelling strategy of Granger and Jeon (2004), median estimates of the parameters and confidence intervals have been computed by selecting the order of the short memory autoregressive polynomial
(C(L)) by information criteria, yielding a first order model, and then setting
to ten the order of the long memory autoregressive polynomial (Φ(L)) and
to 1000 the number of Monte Carlo replications.
Interest rate spread series have been ordered from the shortest to the
longest maturities; given the orthogonality of the factors and the assumed
24

The values employed are 0.24 and 0.44, for factor 1 and 2, respectively, over the precrisis period; on the other hand, figures for the crisis period are 0.89 and 0.87, respectively;
for the actual series the values employed are 0.44 and 0.89 for the pre-crisis and crisis
period, respectively. The selection of the latter values for the actual series follows from
the property of integrated process, according to which the order of integration of a linear
combination of non cointegrated processes is determined by the order of integration of the
most persistent process.
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lack of spillover of idiosyncratic shocks, the latter ordering is immaterial for
the computation of the impulse response functions and the forecast error
variance decomposition. Consistent with the breaks in the unconditional
variance of the EO spreads detected by the persistence analysis, the unconditional variance-covariance matrix employed for the policy analysis has been
allowed to change according to the sub period (pre-crisis/crisis) investigated.

7.1

Forecast error variance decomposition and impulse
response analysis

As shown in Table 3, the findings of the forecast error variance decomposition
are clear-cut.
Firstly, independently of the maturity, the contribution of the common
factor shocks to fluctuations is similar for both horizons over the pre-crisis
period, i.e. 57% to 92% at the 1-day horizon and 48% to 99% at the 20-day
horizon; 90% on average for both cases; diﬀerently, over the crisis period the
common shocks are always dominating at long horizons (85% to 100% at
the 20-day horizon; 98% on average), yet dominating at short horizons from
the 4-month maturity onwards only (14% to 42% from 1-week to 3-month,
29% on average; 77% to 99% from 4-month to 1-year, 96% on average).
Hence, as a consequence of the crisis, short-term fluctuations have become
more idiosyncratic, particularly at the very short end of the term structure
(particularly large is the contribution of the own idiosyncratic shock for the
1-week maturity, i.e. about 90%, and still sizable within the three-month
maturity, i.e. 70% on average).
Secondly, the first factor, i.e. the curvature factor, over the pre-crisis
period, never accounts for more than 30% of fluctuations within the 3-month
maturity and for no less than 40% for longer maturities. Interestingly, a hump
shaped profile can be detected, with the curvature factor being relatively
more important for medium-term maturities (3- to 9-month) than at the
short or long end of the term structure. A similar evidence can also be
found for the crisis period. Yet, for the latter period, the curvature factor
yields a more uniform contribution across maturities. For instance, while its
contribution, at the 1-day horizon, is never above 20% within the 3-month
maturity, at the 20-day horizon its contribution is never below 30%.
Thirdly, the second factor, i.e. the slope factor, is dominating at the very
short and long end of the term structure, albeit important diﬀerences can
be detected for the pre-crisis and crisis periods. Over the pre-crisis period,
the slope factor never accounts for less than 50% of total fluctuations for
maturities within the 3-month and beyond the 9-month horizon, for both
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the 1-day and 20-day horizon. On the other hand, over the crisis period, due
to the increased importance of idiosyncratic fluctuations, the proportion of
accounted variance is lower, i.e. never larger than 30% at the 1-day horizon
(within the 3-month maturity), and just over 50% at the 20-day horizon (yet
only within the 1-month maturity); the contribution of the slope factor is
then sizable again for maturities at the long end of the term structure, i.e.
over 25% from the 9-month maturity onwards at the 1-day horizon.
Concerning the impulse response analysis, as shown in Figure 7, major
diﬀerences can be noted between the pre-crisis and crisis periods, both in
terms of magnitude and persistence of common factor shocks, as well as
of response profiles. Important diﬀerences can also be noted, within each
period, across maturities, as is portrayed by the comparison between the
results for the 1-week and 1-year maturities.
Concerning curvature shocks (top four plots), both the persistence and
magnitude of the impact increase, in general, with the maturity of the EO
spreads. For instance, over the pre-crisis period, the curvature shock has
a five fold larger impact on the 1-year EO spread than on the 1-week EO
spread; moreover, while the rate of decay of the shock is much faster for the
1-week rate, with a zero point impact attained already after one day, for the
1-year rate about twenty days are required for full point dissipation; a similar
gap in the magnitude of the impact across maturities can also be detected for
the crisis period; yet, as shown, by the response profiles, shock persistence
is much higher over the crisis period (hump-shaped profile) than over the
pre-crisis period (monotonic decay), with dissipation occurring well beyond
twenty days.
Concerning slope shocks (bottom four plots), a similar impact, in absolute
terms, can be found across maturities. Yet, beyond the 3-month maturity,
diﬀerent from shorter maturities, a positive slope factor shock exercises a
negative impact on the EO spreads. Moreover, diﬀerent from the curvature
factor shock, slightly stronger persistence can also be detected for shorter
maturities than for longer maturities for both periods, while, similarly to the
curvature factor shock, the rate of decay of shocks is much faster over the
pre-crisis (monotonic decay) than the crisis period (hump-shaped profile).
Diﬀerences between periods can also be found concerning the eﬀects of
idiosyncratic shocks (not reported). While the response profile is similar,
pointing to a monotonic decay in both cases, over the crisis period a five
fold larger impact can be detected. Moreover, stronger persistence can be
detected for shorter maturities than for longer maturities, full dissipation
requiring about ten and five days, respectively.
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8

Conclusions

In this paper the consequences of the recent financial turmoil for the Euro
area money market have been assessed by investigating the persistence properties of the mean and variance of the EURIBOR-OIS spreads in the framework of a new econometric approach. Not surprisingly the main findings
are that most of the non stationarity in the EURIBOR-OIS spreads can
be associated with the two waves of magnified stress in the interbank market, the first after 9 August 2007 and the second after 16 September 2008,
which led to permanent changes in the levels, variances and persistence of
the spreads, and therefore to long lasting (permanent) eﬀects of the financial
market crisis on the credit risk, liquidity risk and confidence. Deviations of
the EURIBOR-OIS spreads from their long-term (time-varying) values tend
to be corrected slowly due to their long memory feature. We found that
the increasing trend in the EURIBOR-OIS spreads was broken and reversed
after the ECB cut its key policy rate by 75 bps, a move that took markets
by surprise (i.e. the cut was larger than the markets expected). This, together with other policy measures, like the policy of full allotment at a fixed
rate in all refinancing operations, including longer-term maturities, a policy
extended to TAF-related US dollar credit provided by the ECB, may have
paved the way for a gradual reversal in market sentiment, and reduction in
credit and liquidity risk. Overall, our findings are consistent with the global
dimension of the crisis, given the similar features uncovered for the US money
market during the crisis, and the strong correlation found for the common
break processes in the euro and US dollar spreads. An important question
left open is when the crisis will be over. After the crisis the money market
will not necessarily return to pre-crisis features. While it could be expected
a reduction in persistence to stationary long memory, i.e. mean reverting
spreads, as well as a sizable contraction in volatility, the level of the spreads
might not come back to pre-crisis values. Surely a peculiar feature of the
pre-crisis Euro area, but also US, money market, was the virtual absence of
credit spreads. As a consequence of the crisis sizable credit spreads became
a feature of the money market. Whether it will remain in the future is an
open question.
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Table 1: EO spreads, persistence analysis: structural breaks tests and long memory analysis
Structural break tests

1w

w
w2w
w3w
w1m
w2m
w3m
w4m
w5m
w6m
w7m
w8m
w9m
w10m
w11m
w1y
mean
b test
bsub test

DGM
s=0

Long memory analysis
MS broad band log periodogram

Bai-Perron
mean
volatility
break
BIC
break
BIC
558, 844 -4.758 557, 844 -6.883

DCSM
0.005

actual
0.857 (0.041)

mean
bfDCSM
0.455 (0.041)

eqDCSM
1E-05

560, 844
560, 844

-4.580
-4.311

558, 844
557, 844

-6.643
-6.887

0.005
0.005

0.899 (0.041)
0.980 (0.041)

0.600 (0.041)
0.644 (0.041)

0.012
0.003

561, 844

-3.793

558, 844

-7.183

0.010

1.029 (0.041)

0.567 (0.041)

2E-04

561, 844
562, 844

-3.697
-3.699

553, 844
553, 844

-7.797
-8.015

0.025
0.050

1.035 (0.041)
0.996 (0.041)

0.472 (0.041)
0.459 (0.041)

1E-10
1E-10

562, 844

-3.683

554, 844

-7.863

0.030

0.962 (0.041)

0.386 (0.041)

1E-10

563, 844

-3.626

554, 844

-7.744

0.010

0.939 (0.041)

0.370 (0.041)

1E-10

563, 844
563, 844

-3.584
-3.522

554, 844
558, 844

-7.715
-7.603

0.005
0.005

0.934 (0.041)
0.934 (0.041)

0.344 (0.041)
0.327 (0.041)

1E-10
1E-10

563, 844

-3.453

558, 844

-7.506

0.005

0.919 (0.041)

0.307 (0.041)

1E-10

563, 844

-3.383

558, 844

-7.420

0.005

0.918 (0.041)

0.275 (0.041)

1E-10

563, 844
563, 844

-3.319
-3.257

554, 844
548, 844

-7.343
-7.296

0.005
0.005

0.912 (0.041)
0.904 (0.041)

0.260 (0.041)
0.244 (0.041)

1E-10
1E-10

563, 844

-3.196

548, 844

-7.265

0.005

0.890 (0.041)

0.277 (0.041)

3E-10

0.941 (0.041)
0.002

0.399 (0.041)
1E-10

0.001
1E-10

In the Table the results of the Bai-Perron (BP, columns 1 to 4) and Dolado-Gonzalo-Mayoral structural break tests are
reported. The BP tests have been carried out on both the actual series xt and on a volatility proxy obtained from | ∆xt |.
In the table, the estimated location of the selected break points and the associated BIC value are reported. The DGM
test has been carried out assuming a time-varying unconditional variance. The latter takes two values according to the
estimated values for the period 20/06/05 to 8/08/07 and 9/08/07 to 7/04/09. In the table the p-value of the DGM test has
bee reported for the dummy-spline model (DCSM), for the zero-lag case (s = 0). The estimated fractional differencing
parameters, with standard errors in brackets, for the actual and DCSM break-free (bf) series, obtained using the
Moulines and Soulier (1999) broad band log periodogram estimator, are also reported (columns 6-9). “b test” is the pvalue of the test of equality of the fractional differencing parameter across maturities, while “bsub test” is the p-value of
the test of equality of the fractional differencing parameter across maturities and subsamples. Finally, eqDCSM, for each
maturity, is the p-value of the test for the equality of the fractional differencing parameter across subsamples. The
1w

1y

results are reported for the various EO spreads maturities available, i.e. from 1-week ( w ) to one-year ( w ).

Table 2: EO spreads, copersistence (principal components) analysis
Panel A: Principal components analysis
actual
bpDCSM
f1
f1
f1

bfDCSM

tot

0.997

0.997

0.651

f2
0.175

w1w
w2w
w3w
w1m
w2m
w3m
w4m
w5m
w6m
w7m
w8m
w9m
w10m
w11
w1y

0.907

0.897

0.086

0.410

0.975

0.959

0.152

0.583

0.983
0.968

0.969
0.953

0.227
0.341

0.553
0.437

0.982

0.990

0.559

0.112

0.988

0.992

0.717

0.031

0.995
0.998

0.997
0.999

0.826
0.878

0.005
0.002

0.999

0.999

0.935

0.017

0.999

0.999

0.924

0.044

0.999
0.999

0.999
0.999

0.896
0.863

0.069
0.080

0.998

0.998

0.816

0.083

0.996
0.994

0.997
0.996

0.785
0.764

0.094
0.102

Panel B: Long memory analysis of common stochastic factors

f1,DCSM

d (se)
0.320 (0.041)

eq
1E-10

dpc (se)
0.243 (0.054)

dc (se)
0.886 (0.062)

f 2,DCSM

0.516 (0.041)

1E-07

0.441 (0.054)

0.874 (0.062)

mean
b test
bsub test

0.418 (0.041)
1E-10

0.070

0.342 (0.054)
1E-10

0.880 (0.062)
0.026

1E-10

Panel A in the table reports the results of the principal components analysis carried out for the actual EO spreads, their
break process (bp) and (normalized) break-free (bf) components, obtained from the cubic spline dummy model
(DCSM). For each set of series the first row (tot) shows the fraction of the total variance explained by each principal
component fi (i=1,...2); the subsequent fifteen rows display the fraction of the variance of the individual series
attributable to each fi. Panel B reports the results of the long memory analysis carried out on the first two principal
components (fi), extracted from the break-free EO spreads using the dummy-spline model (DCSM). In the Table the
estimated fractional differencing parameter (d), using the Moulines and Soulier (1999) broad band log periodogram
estimator, with standard error in brackets is reported. Estimates for the full sample and for the pre-crisis (pc) and crisis
(c) sub samples are reported. “b test” is the p-value of the test of equality of the fractional differencing parameter
across factors, while “bsub test” is the p-value of the test of equality of the fractional differencing parameter across
factors and subsamples. “eq” for each factor, is the p-value of the test for the equality of the fractional differencing
parameter across subsamples.

Table 3: forecast error variance decomposition

w1w
w2w
w3w

w1m
w2m
w3m

w4m
w5m
w6m

w7m
w8m
w9m
w10m
w11m
w1y

Horizon
(days)
1
20
1
20
1
20
1
20
1
20
1
20
1
20
1
20
1
20
1
20
1
20
1
20
1
20
1
20
1
20

f1
2.7
1.8
4.5
4.0
5.7
4.9
10.2
7.8
27.6
23.1
69.7
67.7
86.6
87.1
79.1
80.4
67.0
68.6
61.6
63.3
56.4
58.2
51.5
53.6
45.3
47.8
42.3
45.2
37.6
41.0

pre-crisis
f2
all
57.1
50.3
83.5
83.1
82.3
81.1
74.0
70.6
29.3
25.0
3.2
2.9
2.6
2.4
15.6
14.8
29.8
28.5
36.5
34.9
42.3
40.6
47.0
45.1
50.2
48.0
55.9
53.0
58.5
55.1

59.8
52.1
88.0
87.1
88.0
86.0
84.2
78.4
56.9
48.1
72.9
70.6
89.2
89.5
94.7
95.2
96.8
97.1
98.0
98.2
98.7
98.9
98.5
98.6
95.5
95.8
98.2
98.2
96.1
96.1

crisis
own

f1

f2

all

own

40.2
47.9
12.0
12.9
12.0
14.0
15.8
21.6
43.1
51.9
27.1
29.4
10.8
10.5
5.3
4.8
3.2
2.9
2.0
1.8
1.3
1.1
1.5
1.4
4.5
4.2
1.8
1.8
3.9
3.9

1.5
27.2
4.6
33.9
5.9
41.9
6.3
63.6
14.4
90.0
39.9
97.8
77.1
99.5
89.6
98.7
80.2
96.7
79.7
95.6
75.3
94.2
71.6
93.0
67.3
91.8
63.5
90.6
58.8
89.3

12.0
57.8
31.2
58.6
31.7
52.8
15.2
31.2
5.9
6.9
2.0
0.9
0.3
0.1
5.8
1.2
13.7
3.1
19.0
4.4
23.7
5.7
27.6
6.9
31.9
8.2
35.9
9.4
39.2
10.6

13.5
85.0
35.8
92.4
37.7
94.7
21.5
94.8
20.3
96.9
41.9
98.7
77.4
99.6
95.4
99.9
93.9
99.8
98.7
100.0
99.1
100.0
99.2
99.9
99.2
100.0
99.3
100.0
98.0
100.0

86.5
15.0
64.2
7.6
62.3
5.3
78.5
5.2
79.7
3.1
58.1
1.3
22.6
0.4
4.6
0.1
6.1
0.2
1.3
0.0
0.9
0.0
0.8
0.1
0.8
0.0
0.7
0.0
2.0
0.0

The Table reports for each EO spread the median forecast error variance decomposition at the one-day and twenty-day
horizons, obtained from the structural VMA representation of the FI-HFVAR model. For each EO spread series the
Table shows the percentage of forecast error variance attributable to each common factor shock (f1 and f2), together
with their sum (all). The last column reports the percentage of the forecast error variance attributable to the own
idiosyncratic shock (own). The results are reported for the various EO spreads maturities available, i.e. from 1-week
1w

1y

( w ) to one-year ( w ), for the pre-crisis (20/06/05 to 8/08/07) and crisis (9/08/07 to 7/04/09) periods.
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Figure 1: EURIBOR-OIS spreads (top plots), 20-day moving standard
deviations (central plots), and estimated break processes (bottom plots) for
the 1-week (w1) and 1-year (y1) maturities. The estimated break processes
are from the dummy model (DM), the flexible Fourier model (FFM), the
cubic spline model (CSM), and the dummy-spline model (DCSM).
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Figure 2: EURIBOR-OIS spreads; common break process (CBP),
(normalized) common long memory factors (CLMF) and common volatility
factors (csd CLMF) from the dummy-spline model (DCSM).
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Figure 3: Common break process (CBP), minimum bid rate (MBR), net
standing facilities (NSF) and iTRAXX Financials index.

35

14 Dec 2007 Communication on liquidity by
ECB, US Fed, BoE, SNB, BoC
13 October 2008 Communication by ECB and US Fed
12 Dec 2007 ECB + US Fed
Full allotment at fixed rates of USD (TAF)
Dollar provisons by ECB (TAF)
CLMF1

5

Coordinated

13 March 2008 Communication on liquidity by
ECB, US Fed, BoE, SNB, BoC

0
500
1

550

600

CLMF1 x Coordinated

650

700

750

Coordinated x CLMF1

0

1

800
1

850

CLMF1 x FTO

900

950

1000

FTO x CLMF1

0

0

5
CLMF1 x LTROs/Total

0

10
1

LTROs/Total x CLMF1

0

5
CLMF1 x DRS

10

DRS x CLMF1

0

0

5

10

0

5

Figure 4: First common long-memory factor (CLMF1) and main
coordinated central bank actions (top plot). Cross correlation functions of
CLMF1 with main coordinated central bank actions, fine tuning operations
(FTO), long term operations/total operation (LTROs/Total), and
frontloading of the fulfilment of the reserve requirements (DRS) (other
plots).
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Figure 5: Second common long-memory factor (CLMF2) and fine tuning
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main coordinated central bank actions, fine tuning operations (FTO), long
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fulfilment of the reserve requirements (DRS) (other plots).
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Figure 7: Impulse responses, with 95% confidence interval, to a unitary
level factor (CLMF1) shock and slope factor (CLMF2) shock for the
pre-crisis (left hand side plots) and crisis (right hand side plots) periods, for
the 1-week (1w) and 1-year (1y) maturities.

39

20

Our papers can be downloaded at:
http://cerp.unito.it/index.php/en/publications

CeRP Working Paper Series
N° 1/00

Guido Menzio

Opting Out of Social Security over the Life Cycle

N° 2/00

Pier Marco Ferraresi
Elsa Fornero

Social Security Transition in Italy: Costs, Distorsions and (some)
Possible Correction

N° 3/00

Emanuele Baldacci
Luca Inglese

Le caratteristiche socio economiche dei pensionati in Italia.
Analisi della distribuzione dei redditi da pensione (only available
in the Italian version)

N° 4/01

Peter Diamond

Towards an Optimal Social Security Design

N° 5/01

Vincenzo Andrietti

Occupational Pensions and Interfirm Job Mobility in the
European Union. Evidence from the ECHP Survey

N° 6/01

Flavia Coda Moscarola

The Effects of Immigration Inflows on the Sustainability of the
Italian Welfare State

N° 7/01

Margherita Borella

The Error Structure of Earnings: an Analysis on Italian
Longitudinal Data

N° 8/01

Margherita Borella

Social Security Systems and the Distribution of Income: an
Application to the Italian Case

N° 9/01

Hans Blommestein

Ageing, Pension Reform, and Financial Market Implications in
the OECD Area

N° 10/01

Vincenzo Andrietti and Vincent Pension Portability and Labour Mobility in the United States.
Hildebrand
New Evidence from the SIPP Data

N° 11/01

Mara Faccio and Ameziane
Lasfer

Institutional Shareholders and Corporate Governance: The Case
of UK Pension Funds

N° 12/01

Roberta Romano

Less is More: Making Shareholder Activism a Valuable
Mechanism of Corporate Governance

N° 13/01

Michela Scatigna

Institutional Investors, Corporate Governance and Pension Funds

N° 14/01

Thomas H. Noe

Investor Activism and Financial Market Structure

N° 15/01

Estelle James

How Can China Solve ist Old Age Security Problem? The
Interaction Between Pension, SOE and Financial Market Reform

N° 16/01

Estelle James and
Xue Song

Annuities Markets Around the World: Money’s Worth and Risk
Intermediation

N° 17/02

Richard Disney and
Sarah Smith

The Labour Supply Effect of the Abolition of the Earnings Rule
for Older Workers in the United Kingdom

N° 18/02

Francesco Daveri

Labor Taxes and Unemployment: a Survey of the Aggregate
Evidence

N° 19/02

Paolo Battocchio
Francesco Menoncin

Optimal Portfolio Strategies with Stochastic Wage Income and
Inflation: The Case of a Defined Contribution Pension Plan

N° 20/02

Mauro Mastrogiacomo

Dual Retirement in Italy and Expectations

N° 21/02

Olivia S. Mitchell
David McCarthy

Annuities for an Ageing World

N° 22/02

Chris Soares
Mark Warshawsky

Annuity Risk: Volatility and Inflation Exposure in Payments
from Immediate Life Annuities

N° 23/02

Ermanno Pitacco

Longevity Risk in Living Benefits

N° 24/02

Laura Ballotta
Steven Haberman

Valuation of Guaranteed Annuity Conversion Options

N° 25/02

Edmund Cannon
Ian Tonks

The Behaviour of UK Annuity Prices from 1972 to the Present

N° 26/02

E. Philip Davis

Issues in the Regulation of Annuities Markets

N° 27/02

Reinhold Schnabel

Annuities in Germany before and after the Pension Reform of
2001

N° 28/02

Luca Spataro

New Tools in Micromodeling Retirement Decisions: Overview
and Applications to the Italian Case

N° 29/02

Marco Taboga

The Realized Equity Premium has been Higher than Expected:
Further Evidence

N° 30/03

Bas Arts
Elena Vigna

A Switch Criterion for Defined Contribution Pension Schemes

N° 31/03

Giacomo Ponzetto

Risk Aversion and the Utility of Annuities

N° 32/04

Angelo Marano
Paolo Sestito

Older Workers and Pensioners: the Challenge of Ageing on the
Italian Public Pension System and Labour Market

N° 33/04

Elsa Fornero
Carolina Fugazza
Giacomo Ponzetto

A Comparative Analysis of the Costs of Italian Individual
Pension Plans

N° 34/04

Chourouk Houssi

Le Vieillissement Démographique :
Problématique des Régimes de Pension en Tunisie

N° 35/04

Monika Bütler
Olivia Huguenin
Federica Teppa

What Triggers Early Retirement. Results from Swiss Pension
Funds

N° 36/04

Laurence J. Kotlikoff

Pensions Systems and the Intergenerational Distribution of
Resources

N° 37/04

Jay Ginn

Actuarial Fairness or Social Justice?
A Gender Perspective on Redistribution in Pension Systems

N° 38/05

Carolina Fugazza
Federica Teppa

An Empirical Assessment of the Italian Severance Payment
(TFR)

N° 39/05

Anna Rita Bacinello

Modelling the Surrender Conditions in Equity-Linked Life
Insurance

N° 40/05

Carolina Fugazza
Massimo Guidolin
Giovanna Nicodano

Investing for the Long-Run in European Real Estate. Does
Predictability Matter?

N° 41/05

Massimo Guidolin
Giovanna Nicodano

Small Caps in International Equity Portfolios: The Effects of
Variance Risk.

N° 42/05

Margherita Borella
Flavia Coda Moscarola

Distributive Properties of Pensions Systems: a Simulation of the
Italian Transition from Defined Benefit to Defined Contribution

N° 43/05

John Beshears
James J. Choi
David Laibson
Brigitte C. Madrian

The Importance of Default Options for Retirement Saving
Outcomes: Evidence from the United States

N° 44/05

Henrik Cronqvist

Advertising and Portfolio Choice

N° 45/05

Claudio Campanale

Increasing Returns to Savings and Wealth Inequality

N° 46/05

Annamaria Lusardi
Olivia S. Mitchell

Financial Literacy and Planning: Implications for Retirement
Wellbeing

N° 47/06

Michele Belloni
Carlo Maccheroni

Actuarial Neutrality when Longevity Increases: An Application
to the Italian Pension System

N° 48/06

Onorato Castellino
Elsa Fornero

Public Policy and the Transition to Private Pension Provision in
the United States and Europe

N° 49/06

Mariacristina Rossi

Examining the Interaction between Saving and Contributions to
Personal Pension Plans. Evidence from the BHPS

N° 50/06

Andrea Buffa
Chiara Monticone

Do European Pension Reforms Improve the Adequacy of
Saving?

N° 51/06

Giovanni Mastrobuoni

The Social Security Earnings Test Removal. Money Saved or
Money Spent by the Trust Fund?

N° 52/06

Luigi Guiso
Tullio Jappelli

Information Acquisition and Portfolio Performance

N° 53/06

Giovanni Mastrobuoni

Labor Supply Effects of the Recent Social Security Benefit Cuts:
Empirical Estimates Using Cohort Discontinuities

N° 54/06

Annamaria Lusardi
Olivia S. Mitchell

Baby Boomer Retirement Security: The Roles of Planning,
Financial Literacy, and Housing Wealth

N° 55/06

Antonio Abatemarco

On the Measurement of Intra-Generational Lifetime
Redistribution in Pension Systems

N° 56/07

John A. Turner
Satyendra Verma

Why Some Workers Don’t Take 401(k) Plan Offers:
Inertia versus Economics

N° 57/07

Giovanni Mastrobuoni
Matthew Weinberg

Heterogeneity in Intra-Monthly Consumption. Patterns, SelfControl, and Savings at Retirement

N° 58/07

Elisa Luciano
Jaap Spreeuw
Elena Vigna

Modelling Stochastic Mortality for Dependent Lives

N° 59/07

Riccardo Calcagno
Roman Kraeussl
Chiara Monticone

An Analysis of the Effects of the Severance Pay Reform on
Credit to Italian SMEs

N° 60/07

Riccardo Cesari
Giuseppe Grande
Fabio Panetta

La Previdenza Complementare in Italia:
Caratteristiche, Sviluppo e Opportunità per i Lavoratori

N° 61/07

Irina Kovrova

Effects of the Introduction of a Funded Pillar on the Russian
Household Savings: Evidence from the 2002 Pension Reform

N° 62/07

Margherita Borella
Elsa Fornero
Mariacristina Rossi

Does Consumption Respond to Predicted Increases in Cash-onhand Availability? Evidence from the Italian “Severance Pay”

N° 63/07

Claudio Campanale

Life-Cycle Portfolio Choice: The Role of Heterogeneous UnderDiversification

N° 64/07

Carlo Casarosa
Luca Spataro

Rate of Growth of Population, Saving and Wealth in the Basic
Life-cycle Model when the Household is the Decision Unit

N° 65/07

Annamaria Lusardi

Household Saving Behavior: The Role of Literacy, Information
and Financial Education Programs
(Updated version June 08: “Financial Literacy: An Essential Tool
for Informed Consumer Choice?”)

N° 66/07

Maarten van Rooij
Annamaria Lusardi
Rob Alessie

Financial Literacy and Stock Market Participation

N° 67/07

Carolina Fugazza
Maela Giofré
Giovanna Nicodano

International Diversification and Labor Income Risk

N° 68/07

Massimo Guidolin
Giovanna Nicodano

Small Caps in International Diversified Portfolios

N° 69/07

Carolina Fugazza
Massimo Guidolin
Giovanna Nicodano

Investing in Mixed Asset Portfolios: the Ex-Post Performance

N° 70/07

Radha Iyengar
Giovanni Mastrobuoni

The Political Economy of the Disability Insurance. Theory and
Evidence of Gubernatorial Learning from Social Security
Administration Monitoring

N° 71/07

Flavia Coda Moscarola

Women participation and caring decisions: do different
institutional frameworks matter? A comparison between Italy
and The Netherlands

N° 72/08

Annamaria Lusardi
Olivia Mitchell

Planning and Financial Literacy: How Do Women Fare?

N° 73/08

Michele Belloni
Rob Alessie

The Importance of Financial Incentives on Retirement Choices:
New Evidence for Italy

N° 74/08

Maela Giofré

Information Asymmetries and Foreign Equity Portfolios:
Households versus Financial Investors

N° 75/08

Harold Alderman
Johannes Hoogeveen
Mariacristina Rossi

Preschool Nutrition and Subsequent Schooling Attainment:
Longitudinal Evidence from Tanzania

N° 76/08

Riccardo Calcagno
Elsa Fornero
Mariacristina Rossi

The Effect of House Prices on Household Saving: The Case of
Italy

N° 77/08

Giovanni Guazzarotti
Pietro Tommasino

The Annuity Market in an Evolving Pension System: Lessons
from Italy

N° 78/08

Margherita Borella
Giovanna Segre

Le pensioni dei lavoratori parasubordinati: prospettive dopo un
decennio di gestione separata

N° 79/08

Annamaria Lusardi

Increasing the Effectiveness of Financial Education in the
Workplace

N° 80/08

Claudio Campanale

Learning, Ambiguity and Life-Cycle Portfolio Allocation

N° 81/09

Fabio Bagliano
Claudio Morana

Permanent and Transitory Dynamics in House Prices and
Consumption: Cross-Country Evidence

N° 82/09

Carolina Fugazza
Massimo Guidolin
Giovanna Nicodano

Time and Risk Diversification in Real Estate Investments:
Assessing the Ex Post Economic Value

N° 83/09

Annamaria Lusardi
Peter Tufano

Debt Literacy, Financial Experiences, and Overindebtedness

N° 84/09

Luca Spataro

Il sistema previdenziale italiano dallo shock petrolifero del 1973
al Trattato di Maastricht del 1993

N° 85/09

Cathal O’Donoghue
John Lennon
Stephen Hynes

The Life-Cycle Income Analysis Model (LIAM): A Study of a
Flexible Dynamic Microsimulation Modelling Computing
Framework

N° 86/09

Margherita Borella
Flavia Coda Moscarola

Microsimulation of Pension Reforms: Behavioural versus
Nonbehavioural Approach

N° 87/09

Elsa Fornero
Annamaria Lusardi
Chiara Monticone

Adequacy of Saving for Old Age in Europe

N° 88/09

Maela Giofré

Convergence of EMU Equity Portfolios

N° 89/09

Elena Vigna

Mean-variance inefficiency of CRRA and CARA utility
functions for portfolio selection in defined contribution pension
schemes

N° 90/09

Annamaria Lusardi
Olivia S. Mitchell

How Ordinary Consumers Make Complex Economic Decisions:
Financial Literacy and Retirement Readiness

N° 91/09

Annamaria Lusardi
Olivia S. Mitchell
Vilsa Curto

Financial Literacy among the Young:
Evidence and Implications for Consumer Policy

N° 92/10

Rob Alessie
Michele Belloni

Retirement choices in Italy: what an option value model tells us

N° 93/10

Mathis Wagner

The Heterogeneous Labor Market Effects of Immigration

N° 94/10

John A. List
Sally Sadoff
Mathis Wagner

So you want to run an experiment, now what? Some Simple
Rules of Thumb for Optimal Experimental Design

N° 95/10

Flavia Coda Moscarola
Elsa Fornero
Mariacristina Rossi

Parents/children “deals”: Inter-Vivos Transfers and Living
Proximity

N° 96/10

Riccardo Calcagno
Mariacristina Rossi

Portfolio Choice and Precautionary Savings

N° 97/10

Carlo Maccheroni
Tiziana Barugola

E se l’aspettativa di vita continuasse la sua crescita? Alcune
ipotesi per le generazioni italiane 1950-2005

N° 98/10

Annamaria Lusardi
Daniel Schneider
Peter Tufano

The Economic Crisis and Medical Care Usage

N° 99/10

Fabio Bagliano
Claudio Morana

The effects of US economic and financial crises on euro area
convergence

N° 100/10

Laura Piatti
Giuseppe Rocco

L’educazione e la comunicazione previdenziale - Il caso italiano

N° 101/10

Tetyana Dubovyk

Macroeconomic Aspects of Italian Pension Reforms of 1990s

N° 102/10

Nuno Cassola
Claudio Morana

The 2007-? financial crisis: a money market perspective

