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Abstract

The recent financial crisis has deeply affected money markets. We analyze
the effectiveness of monetary policy in the euro area with respect to (i) how
much monetary policy expectations are reflected in money market rates,
(ii) how much money market rates were disturbed by liquidity and credit
risk, and (iii) the impact of extraordinary central bank measures on money
markets. We find that market’s expectations are less relevant for money
market rates up to 12 months after August 2007. At the same time, the
ECB’s additional liquidity provision through longer-term refinancing oper-
ations account for at least a 60 basis point decrease in Euribor rates.
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The financial market is key for the transmission of monetary policy. Monetary

policy is implemented by controlling the very short end of the yield curve. At the

same time signals about future monetary policy and the corresponding expecta-

tions are reflected in the shape of the money market yield curve. According to

the so called expectations hypothesis, the current structure of money market inter-

est rates contains an implicit path of the expected future short term interest rate,

i.e. the policy rate set by the central bank, see e.g. Mankiw and Miron (1986),

Campbell and Shiller (1991), and Rudebusch (1995). This path reflects how in-

terest rates will evolve over time and will change if new information about the

economic outlook and monetary policy necessitate a revision of the path. Hence,

for an effective monetary policy, it is, therefore, crucial that interest rate expecta-

tions are in line with the central bank policy intentions and are correctly reflected

in the shape of the yield curve.

The financial market crisis starting in August 2007 has deeply affected finan-

cial markets around the world. Particularly, the money market was hit dramat-

ically with liquidity drying up and money market rates rising to unusually high

levels. For example, the spread between the 3-month Euribor and the 3-month

OIS rate rose in October 2008 to about 180 basis points. Central banks stepped

in with additional liquidity support and other measures to stabilize money mar-

ket conditions. In this paper we are, therefore, answering three basic yet crucial

questions. First, how effective has monetary policy been during the financial tur-

moil, i.e. how predictable were money market interest rates in the euro area on

the basis of monetary policy expectations. Second, which risk factor contributed

predominantly to elevated money market interest rates during the turmoil. And

third, what was the impact of the extraordinary central bank measures on euro

area money market interest rates?

To provide an answer to these questions we analyze the dynamics of the 3, 6,

and 12-month Euribor interest rate during the financial crisis in comparison with

the pre-crisis developments. We employ an econometric representation of the

expectation hypothesis, controlling for variables representing liquidity and credit

risk. The reason why the money market yield curve, and in particular the 3-

month Euribor, plays a crucial role for the monetary policy transmission process,

stems from the fact that many retail market interest rates are linked closely to

the Euribor, see e.g. Mojon (2000), de Bondt et al. (2002), and Sorensen and
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Werner (2006). Central bank operations are intended to transmit through the

money market yield curve to affect short and long term funding conditions with

respect to longer term bond rates, but also the marginal costs of loan funding

through which the price of bank loans are influenced.

During the financial turmoil, money market rates along the money market

yield curve rose dramatically, particularly in the wake of the Lehman bankruptcy.

This has been the result of a corresponding increase in credit risk (see e.g. Taylor

and Williams (2009) for the US), a combination of liquidity and credit risk (see

e.g. Brunnermeier (2009), Michaud and Upper (2008), and Sarkar (2009) for

the US and Schwarz (2009) for the euro area) or funding liquidity risk (see e.g.

Eisenschmidt and Tapking (2009) for the euro area). This raises the question to

what extent the monetary policy transmission has been still effective, despite the

prevailing liquidity and credit risk factors. Therefore, we will test to what extent

monetary policy expectations remain a key determinant of money market interest

rates, controlling for credit and liquidity risk in the money market.

The European Central Bank (ECB), but also other central banks have mainly

reacted to the financial crisis by increasing significantly the liquidity provision to

the banking sector via their refinancing operations. For the ECB, this policy was

reflected in an increase in the liquidity provided by the weekly main refinancing

operations (MROs), a significant increase of the liquidity provision through its

(supplementary) longer term refinancing operations (LTROs) and the provision

of dollar liquidity through a swap with the Fed. Therefore, we will also analyze

whether the liquidity provision of the ECB affected the development of the 3

month Euribor rate, alleviating the strain on money markets during the financial

market turmoil. �
We contribute to previous empirical literature in various respects: first, we

evaluate the effectiveness of monetary policy in the euro area during the recent

crisis; � second, we measure the impact of risk associated with liquidity risk and

credit risk on Euribor rates until June 2009; third, we provide a complete assess-

ment of ECB’s liquidity providing measures during the crisis.

Several conclusions can be drawn from our empirical results. Until mid 2007,
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longer-term interest rates up to 12 months were highly predictable on the basis

of market’s expectations. Factors related to credit and liquidity risk played only

a very minor role for money market rates. During the crisis, the clarity with

which monetary policy intentions are reflected in the shape of the yield curve

becomes less relevant in size. In addition, the persistence of the Euribor has

increased significantly suggesting that the effectiveness of monetary policy has

been hindered further. Our results also reveal that liquidity risk was the key

driver during the recent financial crisis. This is in line with earlier work, see

Eisenschmidt and Tapking (2009). This may explain why the undertaken liquidity

providing operations by the ECB were also found to relieve strains in money

market interest rates. In fact, the increase in the supplementary liquidity provision

accounts for an at least 60 basis points reduction of Euribor rates. The increased

importance of the allotted refinancing volumes may also explain the ECB’s switch

to the fixed rate full allotment policy as of October 2008.

The remainder of the paper is organized as follows. The following section

gives a brief overview over the main developments in the euro area money market

and the main interventions of the ECB. Section 3 provides a look at the data and

presents our model for the dynamics of the 3-month Euribor. Section 4 provides

our empirical results and Section 5 concludes.
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Monetary policy in the euro area is implemented by steering the shortest end of

the yield curve. In normal times, the euro area overnight rate (Eonia) has been

following the ECB’s policy rate very closely, see Figure 1. ° At the same time,

money market rates along the money market yield curve have been following

very closely future expected short term rates. For example, the 3-month Euribor

rate has evolved in a close range to the respective 3-month OIS rate (the expected

future overnight rate) with an average spread of around 8 basis points in the period

prior to the financial crisis, see Figure B.1. The spread stems from a risk premium

(as compensation for committing the funds for three month) which rises with the

term-to-maturity.

± �����²,- ���6�I�/�
"50+��"%�&2�
(f3��
"�4e�X�
�6� A%� �H�
*��#����&���� ����� �6"��
�f�����i,<0�3F³ ��8��6"����2�'&)!���6( � ��)
� 8���( ��8���"%�2�'��� �6"b9�:��
*��#����2�
� ( �/#5�
"	�
( )��&� �U�
�-�����²�'�.���"�� G6�%�F2�'���V#�)�"	�
8�� ����a���( �/�
�&�i����H��U���
_�´�&��µ��X�
�6�6¶ � 9

·



¸U¹cº�»f¼'½ ��¾*¿�À ½�ÁE¹cÂf¹cÁ>»fÁÄÃf¹ÆÅ�¼
Ç�È'½�É ·�Ê ÁPË	ÂbÈ ÀKÌ »f¼/¹cÃ+Ë	¼�Ç�Â-Å�È À ½ Ì Ë	Âf¹XÇ

0

1

2

3

4

5

6

00 01 02 03 04 05 06 07 08 09

Standing Facilities Eonia 3M Euribor
minimum bid rate/fixed rateÍU�
������g²�������&�	�6#��/#e�'��/�!����H����*�����������6"��&���²�
�+�����VÎ	"	�
"���� �
(f�� ��8��6� (-�
�*�
��OF �G6 ��7� B a�
�6�.Ï%9������*#��
�&���/#!�.��&��� �/�
(b( � "��U���������&��"%���U����������8V=����Ð'Ñ%a��
�6�6�V������"�Òb����8��
"�Î	( �/#��H�
=	�
"�4%� �������)%9

On August 9, 2007 tensions surrounding assets backed by US sub-prime

mortgages started to spill over into money markets around the world, leading

to shortages of liquidity in the money market. In the euro area, the Eonia subse-

quently rose substantially following this increased liquidity demand in the overnight

market. Moreover, the combination of heightened uncertainty about counterpar-

ties’ creditworthiness and evaporating liquidity caused longer-term interest rates

in the unsecured segment of the money market increasingly to dry up. In addi-

tion, the rising spread between the 3-month Euribor and the Eonia swap rates with

the same maturity suggested that interest rate expectations were diverging from

money market rates along the yield curve, see Figure B.1. In order to stabilize

conditions in the money market, the European Central Bank (ECB) responded to

the increased liquidity demand by providing additional liquidity, i. e. the amount

of liquidity of the weekly main refinancing operations (MROs) was increased

substantially, the longer term refinancing operations (LTROs) were extended in

size and frequency and the provision of dollar liquidity (TAFs) were established

through a swap with the US Fed. Ó
When Lehman Brothers filed for bankruptcy on September 15, 2008, the

crisis intensified further. Banks became more reluctant to engage in interbank
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money market trading and correspondingly relied on the use of ECB’s refinanc-

ing operations. The tensions in the money market exacerbated, and the spread

between the 3-month Euribor rate and the respective 3-month OIS rate shot up

to 180 basis points in September and October 2008, see Figure B.1. On October

15, 2008 the ECB responded with further measures. This included the switch

from its variable rate tender format to a fixed rate full allotment policy, hence

satisfying the full liquidity demand of the banking sector, in all its regular and

supplementary refinancing operations. Additionally, the liquidity provision was

extended to operations to up to one year. ×
Against this background, three questions of crucial importance arise. First, to

what extent has the effectiveness of monetary policy, i. e. the clarity with which

monetary policy signals are reflected in longer-term money market rates, been

affected by the financial crisis? Second, how effective were ECB’s measures

in reducing the tensions in money market rates? And third, how much of the

elevated Euribor rates were caused by risk premia associated with liquidity risk

and counterparty risk? This shall be investigated in the following. The changes in

the euro money market and in ECB’s liquidity policy after August 2007, however,

suggest to treat the crisis and pre-crisis period separately. Ø
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The textbook view of the monetary transmission mechanism rests on the central

bank’s ability to steer the overnight interest rate. A rational-expectation mecha-

nism then ensures the reflection of overnight rate movements in longer maturity

rates.

As a starting point, we measure this relationship by means of a Granger

causality test. ð For this purpose, we have collected daily data of 3-month Eu-

ribor and Eonia rates covering the period June 27, 2000 until June 30, 2009. ñ
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This leaves us with 1851 observations for the tranquil period, 307 and 171 obser-

vations for the period until and after October 2008, respectively.

The results are presented in Table 1. Before August 2007, there is strong

evidence for Granger causality between the Eonia and the 3-month Euribor. In

the period until October 2008, this relationship vanishes completely. The test

cannot reject its null, that the Eonia does not Granger cause the Euribor and

vice versa. ÿ In the aftermath of the Lehman bankruptcy, when the developments

intensified and the ECB switched to a fixed rate full allotment policy, the 3-month

Euribor and the Eonia again Granger cause each other.
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The results for the pre-crisis period show that short-term and longer-term in-

terest rates mutually affect each other, see e. g. Estrella and Mishkin (1998) and

Ordónez et al. (2008). As regards the period between August 2007 and Octo-

ber 2008, the relationship between the Eonia and the Euribor may be disturbed.

This may have important implications for the clarity with which monetary policy

signals are reflected in the money market yield curve. A lowered degree of inter-

est rate predictability will hinder ECB’s ability to influence term money market

rates and thereby short-term retail bank loan and deposit rates. The results for the

period after the Lehman bankruptcy may, on the hand hand, point to an actual ex-

istence of a link between short-term and longer-term interest rates after October

2008. On the other hand, our result may suffer from the shortcomings that apply

to general one-step-ahead causality test models as argued by Lütkepohl (1993),

Durfour and Renault (1998) and Burda (2001). We will therefore investigate the
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dynamics of the 3-month Euribor in the following.
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The reason why the money market yield curve, and in particular the 3-month

Euribor, plays a crucial role for the monetary policy transmission process, stems

from the fact that many retail market interest rates are linked closely to the Eu-

ribor, see e. g. Mojon (2000), de Bondt et al. (2002)), and Sorensen and Werner

(2006). We will therefore analyze the dynamics of the 3-month Euribor interest

rate before and during the financial crisis. Following the expectation hypothesis

of the term structure of interest rates, current longer-term rates should equal to

the average expected overnight rate plus some term premium see e. g. Litterman

et al. (1991) and Hamilton and Kim (2002). Therefore, we formulate our model

as follows:

∆i3t = α∆ois3t−1 + β1∆creditriskt + β2∆Bt−1

+ γ1MROt + γ2LTROt + γ3DTAF

+ γ4D
an
sLTRO3 + γ5D

an
sLTRO6 + γ6D

an
sLTRO12 + γ7D

an
TAF

+

5∑

j=1

ϕj∆r3t−j + µ + εt \ �*]

where ∆ denotes the first-difference operator. Our model is expressed in first

differences in order to avoid potential issues of non-stationarity. �M^ In particu-

lar, when analyzing the impact of central bank measures, modeling the Euribor

in first differences is the most appropriate approach. �/� ois3 represents the 3M

Eonia swap rate, B and credit risk denote the bid-rate dispersion and the corpo-

rate versus government bond yield spread, respectively, while MRO and LTRO

control for the logged outstanding volumes related to the respective refinancing

operations.

In order to capture market’s expectations, most of the formulations of the

standard test of the expectation hypothesis theory assume perfect foresight and

include average realized overnight rates or forward rates instead. Market expec-
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tations over the next three months can also be measured by the 3-month Eonia

swap rate (ois3), see e.g. Busch and Nautz (2010) and Carpenter and Demiralp

(2009). �2� The Eonia swap rate, in general, is a derivative market reference rate

for the euro area. Interest rate swap transactions with various Euribor maturities

serve as a tool to speculate on and hedge against future interest rate movements.

Therefore, the 3-month Eonia swap rate is a natural proxy for market’s expecta-

tions. Hence, we have collected 3-month Eonia swap rates from Reuters covering

the period June 2000 until June 2009. Until March 2008, the swap rate was de-

termined at 4:30 p. m. CET. Therefore, we include the first lag of changes in

Eonia swap rates to avoid timing issues. �2° Hence, α measures the immediate

adjustment of the 3-month Euribor to changes in the market’s expectations about

longer-term interest rates. Thus, if monetary policy is effective, i. e. is reflected

properly in longer-term interest rate expectations α should be significant and pos-

itively signed.

In the expectation hypothesis literature, the term premium is usually treated

as zero (after differencing) if the assumption holds that it changes only a negli-

gible amount from one day to another. This might be a reasonable assumption

in normal times. In a financial crisis, however, as recently seen, the premium

may very well change significantly from one day to another. In theory, when all

banks face uncertainty of risk at the same time, the premium is high. In such

a situation, term loan markets come under stress and term interest rates will in-

crease. To account for rises in the Euribor rates associated with these risks, we

will include two measures in order to control for the liquidity risk component and

credit risk component. For this purpose, the spread between the financial corpo-

rate bond and government bond yield from the Datastream database will serve as

our credit risk proxy (creditrisk) for the period of June 2000 until June 2009.

Bonds, in general, are debt securities generating identical cash flows in all states

of the world. Government bonds are backed by the full faith and credit of the

fiscal authority. A financial corporate bond, however, normally bears a default

risk and hence carries higher interest rates than a government bond. The spread

is therefore a natural proxy for credit risk.

Following Eisenschmidt et al. (2009), we use the change in MRO’s (aggregate)
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bid rate dispersion as our liquidity risk proxy (B) for the period until October

2008. ��Ó This data is based upon true bids of banks in ECB’s weekly refinancing

operations and publicly not available. �2× If risk premia were of negligible amount,

they should play rather a minor role before the crisis. During the crisis, we expect

β1 and β2 to be significant and positively signed if both risks account for elevated

Euribor rates.

As part of its weekly financial statement, the ECB announces its net lending

to credit institutions associated with its monetary policy operations. The out-

standing volumes of MROs and all longer-term refinancing operations are there-

fore a natural variable with which the effectiveness of ECB’s liquidity provision

can be evaluated. In normal times, MROs should not affect 3M Euribor rates

since the ECB’s liquidity management is performed so as to allow banks to fulfill

their reserve requirements during the reserve maintenance period which is usu-

ally 4 to 5 weeks. One may expect that LTROs should also have no impact on the

3M Euribor since the ECB acts as a price taker and pre-announced the liquidity

amount that it deemed appropriate to allot. As Brunnermeier (2009) argues, how-

ever, the ECB’s collateralized lending enjoys seniority. An increase in the ECB’s

net lending may therefore make the junior unsecured Euribor lending more risky

and hence more expensive.

During the crisis, the effectiveness of ECB’s interventions depends upon the

key forces driving the crisis. If credit risk were the only driver, the ECB’s liquid-

ity providing operations would almost by definition bound to prove ineffective. If,

however, liquidity were the dominant risk, then ECB’s liquidity provision should

be effective, i. e. γ1 < 0 and γ2 < 0.

To examine the effect of the US dollar liquidity provision through a swap with

the US Fed, we define a dummy variable as follows. ��Ø The indicator denoted by

DTAF equals 1 on a day with any term auction facility (TAF) operation and zero

on other days. In addition, since news releases can cause prices to change in
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an efficient market we also control for the announcement of each operation. ��ð
Hence, Dan

sLTRO and Dan
TAF indicate the collection of the announcement dates

of supplementary LTROs and TAFs, respectively. �2ñ If the undertaken measures

have been effective in reducing elevated money market rates, the expected signs

of the coefficients are negative.

b ¤ Ûdc1�/���'�U��¡fe �*¯<�>¡��+¯

Table 2 summarizes the estimation results we obtained for the adjustment equa-

tion of the 3M Euribor before and during the financial crisis. �2ÿ
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Eonia swap rate had a major and plausible impact on the 3-month Euribor. Thus,

changes in longer-term interest rate expectations translated immediately to money

market rates ensuring a expectations to be in line with monetary policy intentions.

When market participants were expecting an increase of ECB’s key policy rate

by 25 basis points, the 3-month Euribor would adjust immediately by roughly 17

basis points. As regards our risk term, both the liquidity and credit risk proxy,

as measured by the bid rate dispersion in ECB’s MROs and the corporate versus

government bond yield spread, respectively, appear to be of no or just a minor

role for the change in Euribor rates. This may support the literature’s view that

risk premia may change only to a negligible amount. Also in line with our ex-

pectations are the results obtained for the liquidity provision in ECB’s MROs and

LTROs.

During the crisis, the adjustment of the Euribor rate to changes in the Eonia

swap rate becomes less relevant in size and significance. This implies that after

mid 2007, money market rates have a lower predictability on the basis of mone-

tary policy expectations. In addition, the persistence of the Euribor has increased

significantly. As Busch and Nautz (2010) argue, if money market rates are too

persistent the lasting impact of shocks can impede the transparency of policy sig-

nals and the central bank’s impact on money market rates along the yield curve.

In fact, unclear policy signals about future interest rate decisions should lead to

larger forecast errors and more persistent money market rates. This suggests that

the effectiveness of monetary policy have been hindered further during the crisis.

With respect to our credit risk measure, we find the estimated coefficient for

the corporate versus government bond yield spread to be insignificant, however

plausibly signed. The plausible and highly significant result obtained for the

change in the bid rate dispersion indicates that liquidity risk may have been the

driving factor of elevated money market rates until October 2008. �&^ This finding

is also supported by our results obtained for our liquidity providing measures.

The ECB’s increase in net lending to credit institutions in its MROs and LTROs

are found to have reduced the Euribor significantly and in a plausible way. An

increase of the outstanding volume in MROs and LTROs by one percent decreases

the Euribor by roughly 2 basis points. Following European Central Bank (2009),
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the share of supplementary LTROs has increased from 33 % of total refinancing

volume before the crisis to 67% during the crisis. According to our results, this

would imply an overall reduction of the Euribor of roughly 60 basis points. The

impact of the liquidity providing measures is even greater during the period after

October 2009, when the ECB switched to the fixed rate full allotment policy.

Until October 2008, the outstanding volumes in LTROs, for instance, moved in

the range between 150 and 450 ebillions. After October 2008, we observe the

range to be between 300 and 730 ebillions. Additionally, the announcement of

supplementary 12-month LTROs contributed to a reduction of 3-month Euribor

rates. Table 2 shows also that the US dollar provision had no impact on Euribor

rates, neither the actual operations nor its announcements.
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In this paper we have analyzed the effectiveness of monetary policy before and

during the financial crisis with respect to how well monetary policy expectations

are reflected in the money market yield curve, how much money market interest

rates were disturbed by liquidity and credit risk factors and how much the addi-

tional liquidity measures by the ECB have affected money market interest rates

of 3, 6 and 12 month maturity.

We found that while during the financial market crisis, money market rates

were heavily influenced by liquidity risk in the market, the reflection of monetary

policy expectations in money market interest rates declined substantially. At the

same time, however, we find that the additonal liquidity support of the ECB has

proven to be effective in affecting money market interest rates.

We conclude that while before the crisis, monetary policy operations have

been neutral with respect to the monetary policy stance, i.e. they have note af-

fected interest rates at longer maturities, in the financial crisis, money market

interest rates at 3, 6, and 12 month maturity were very well affected by the liq-

uidity measures of the ECB.
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In the unsecured segment of the euro money market, the European overnight in-
dex average (Eonia), the European interbank offered rate (Euribor) and the Eonia
swap rate (OIS) serve as the main instrument for benchmarking short-term rates
and are used as the basis for settlement of interest rate contracts on many of the
world’s major futures and options exchanges.

The Eonia is an effective overnight reference rate published by the European
Central Bank (ECB) at around 6.45 p. m. and 7.00 p. m. CET. The Eonia reflects
the volume-weighted average interest rate of actual lending transactions carried
out by a panel of approximately 50 banks in a given day. This market serves
as an alternative source of refinancing to borrowing through ECB’s open market
operations. The ECB implements its monetary policy by steering the Eonia and
thereby signalling its monetary policy stance. It is therefore of crucial importance
that the Eonia closely follows the ECB’s key policy rate, i. e. the minimum bid
rate in its weekly main refinancing operations (MROs). The predictability of
money market rates on the basis of monetary policy expectations, i. e. the clarity
with which monetary policy signals are reflected in the money market yield curve,
is a clear indicator for the effectiveness of monetary policy. This is important
because expected short-term money market rates affect longer-term rates which
are viewed to be fundamental for the transmission of monetary policy into prices
and the real economy.

The Euribor is an indicative interest rate published by the European Banking
Federation (EBF) at 11.00 a. m. CET. It reflects self-reported borrowing rates
of a known selection of panel banks over a range of maturities. Contributors
are asked to quote those rates at which, to the best of their knowledge, euro
interbank term deposits are being offered within the euro area by one prime bank
to another at 11 a. m. CET . Over-the-counter (OTC) transactions are determined
on a bilateral basis and therefore notoriously hard to obtain. Thus, the Euribor
fixing is considered to be the best (available) proxy for actual interbank money
market transactions in the unsecured segment. It serves as the main instrument for
benchmarking short-term rates and is used as the basis for settlement of interest
rate contracts on many of the world’s major futures and options exchanges, e. g.
for setting mortgage rates in countries such as Spain.

The Eonia swap rate is another indicative reference rate that captures the eval-
uation of a representative panel of banks of what they believe is the mid market
rate of EONIA Swap quotations between prime banks in a given day. This index
is announced around 11.00 a. m. CET on a daily basis. �6� In a swap contract, two
parties agree to exchange a fixed rate (the swap rate) against a daily floating rate
(Eonia) for a pre-agreed period of time. The Eonia swap rate therefore mirrors
expected future Eonia rates over the investment horizon and with it the expected
future policy rates. This is why the Eonia swap rate serves as the basis for the
Eonia swap forward rate agreements (FRAs) and Eonia Swap Index futures. It is
therefore a natural proxy for market’s expectations of the future path of interest
rates.
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Co-integration, in general, means that over the long run the short-term and long-
term interest rates move in tandem with each other. The results from the co-
integration analysis presented in Table C.3 refer to our full sample ranging from
June 2000 until June 2009 and are in line with Campbell and Shiller (1987).
They reveal that the Eonia and the Euribor rate have a unit root, i. e. are I(1),
and should be treated as non-stationary variables. As a consequence, an error-
correction type representation proves to be the natural starting point for analyzing
the Euribor dynamics.
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