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Abstract

Unsecured interbank money market rates such as the Euribor increased strongly with
the start of the financial market turbulences in August 2007. There is clear evidence
that these rates reached levels that cannot be explained alone by higher credit risk.
This article presents this evidence and provides a theoretical explanation which refers
to the funding liquidity risk of lenders in unsecured term money markets.

Keywords: Liquidity premium, interbank money markets, unsecured lending,
2007/2008 financial market turmoil
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NON-TECHNICAL SUMMARY

Unsecured interbank money market rates such as the Euribor increased
strongly with the start of the financial market turbulences in August 2007.
There is clear evidence that these rates reached levels that cannot be explained
alone by higher counterparty credit risk, i.e. the credit risk of the lender in
a money market transaction. To illustrate this, we use market based mea-
sures for credit risk, like the CDS spread, to extract the credit risk for Euribor
panel banks and contrast these with the reported Euribor rates. Since August
2007, there is evidence of a large, persistent and time varying component of the
Euribor-Eurepo spread that cannot not be attributable to the credit risk of the
lender.

This article presents a theoretical model which explains this component with
reference to the funding liquidity risk of lenders in unsecured term money mar-
kets. To this end we model a three period interbank market in which banks
optimally choose to lend liquidity surpluses short term (one period) or long term
(two periods). The basic mechanism, leading to an elevated liquidity risk (or
funding liquidity) premium in the interbank market is as follows. In a situation
in which the likelihood of adverse liquidity shocks increases or the likelihood of
a rating downgrade (or both), banks that offer long term funds are faced with
an increased likelihood to have to seek refinancing themselves in the interim
period. All else equal, therefore, the price for long-term refinancing goes up.
This is because banks will internalise in the price they demand their own credit
premia, which would reflect in the price they would have to pay would they
have to refinance in the interim period. This is what we call funding liquidity
risk premium. Further, we extent the model in a number of ways, allowing for
random allocation of bank types, a repo and a CDS market, in order to highlight
the influence of these markets on our measure of funding liquidity risk.
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1 Introduction

Unsecured interbank money market rates such as the Libor (London Interbank
Offer Rate) and the Euribor (Euro Interbank Offered Rate) increased strongly
with the start of the financial market turmoil in August 2007. There is clear
evidence that unsecured money market rates reached levels during the turmoil
that cannot be explained alone by higher borrower default probabilities. Indeed,
approximate no-arbitrage conditions in principle require that the spread of the
(one-year) Euribor over the (one-year) general collateral repo rate (i.e. the
riskfree rate) should not be much above spreads of (one-year) credit default
swaps (CDS) on banks. This was the case before August 2007. But since
August 2007 the Euribor has been significantly higher than spreads on bank
CDSs.

This “liquidity risk premium” in money market rates has at some occasions
been attributed to liquidity hoarding. Liquidity hoarding in this context may
mean that banks that have a surplus of funds are not ready to lend them to
other (private) banks. Anecdotal evidence suggests in this context that term
unsecured money market volumes declined significantly with the start of the tur-
bulences. However, some observations indicate that banks did not stop lending
to other banks in August 2007:

e Spreads of EONTA (Euro Overnight Index Average) over the ECB min-
imum bid rate have not increased in the turmoil. EONIA volumes even
increased slightly after the start of the turmoil. Thus, banks did not be-
come reluctant to lend unsecured to other banks overnight, although not
for longer time horizons.

e Spreads of repo rates (over overnight interest swap rates) did not increased
in the turmoil. Repo market volumes remained by and large stable. This
holds also for term repo markets.! Thus, banks did not become reluctant
to lend collateralised to other banks even for longer time horizons.

This paper describes these observations in detail and provides a theoretical
explanation which refers to the funding liquidity risk of lenders in unsecured
interbank term money markets.

To understand the basic argumentation we offer, consider a bank with a
cash surplus. This bank can offer unsecured funds either in the overnight money
market (at the Eonia) or in the term money market (e.g. at the Euribor). With a
certain probability, it receives a liquidity shock (liquidity outflow) at some point
in the future. If the bank lends out in the term money market and receives such
a shock before the loan matures, then it will have to raise funds itself when the
shock arrives. It may not need to do so if it lends only repeatedly overnight
until it receives a liquidity shock and then uses the repayment of the loan to
satisfy its obligations. If the bank fears that it could only borrow at relatively
bad conditions at the time of the shock (e.g. because it may not have enough

ISee ICMA (2008a) and ICMA (2008b).



collateral to borrow in the repo market and other banks may assume that the
bank is relatively risky), then it will be ready to lend in the term money market
only at elevated rates. Banks with a cash shortage will thus prefer to borrow
repeatedly overnight rather than once for a longer term even if they need cash
for a longer period.2 As a consequence, term money market trades will be rare,
overnight money markets will be liquid. Term money market rates as measured
by the Euribor will not reflect effective rates, but only levels at which banks
with a surplus would be ready to lend for a longer period.

On the basis of this argumentation, it can be concluded that interbank term
money market spreads increase if, among others, (a) the risk that the lenders
receive a liquidity shock before term loans mature increases and/or (b) the
probability that the lenders face higher funding costs when such a liquidity
shock arrives increases. These future funding costs go up for example when
the lenders’ default probabilities rise. Thus, term money market rates do not
only increase when the probabilities of default of the borrowers increase, but
also when the lender default probabilities go up. Future funding costs are also
pushed higher if lenders may be hit by a deterioration of the quality of available
collateral so that they cannot raise funds in the repo market anymore. Thus,
unsecured term money market rates will be higher if lenders may face a lack of
high-quality collateral before term loans mature.?

This last point may have played a specific role during the financial market
turbulences. Before the turmoil, many banks had set up special investment
vehicles (SIVs). The SIVs raised short-term loans and invested them in for
example asset-backed securities (ABS). When the sub-prime crisis hit, investors
stopped providing short-term loans to SIVs. The risk that a bank would need to
bail out its SIVs increased. Bailing out an SIV however implies purchasing from
the SIVs in particular ABSs which however are hardly accepted as collateral in
repo markets.? Thus, with the start of the sub-prime crisis, the risk of a major
furture liquidity shock and a simultaneous deterioration of available collateral
soared.

Our paper contributes not only to the policy discussion on the financial
market turmoil, but also to various strands of academic literature.

The empirical part of our paper relates to the very recent and growing body
of empirical research that tries to decompose money market rates during the
turmoil into credit risk, liquidity and other components. FExamples are Wu
(2008), Michaud and Upper (2008) and Taylor and Williams (2008). These au-
thors apply regression techniques for the decomposition. In all studies, money
market spreads are used as dependent variable. As independent variables, credit
components are measured by CDS spreads (and other indicators) and liquidity

2This, of course, does not take into account that some banks may need to borrow once for
a longer period for regulatory or other reasons.

31t is noted here that loans granted in the unsecured money market cannot be used by the
creditor as collateral to borrow in the repo market.

4See for example ICMA (2008) that reports that more than 80% of European repo mar-
ket collateral is government bonds. For a comparison, note that less than 50% of all euro-
denominated bonds are government bonds.
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components are measured by (dummies for) central bank interventions (Taylor
and Williams (2008), Wu (2008)) or as a residual (Michaud and Upper (2008)).
Wu (2008) and Michaud and Upper (2008) identify a significant impact of lig-
uidity measures on money market rates, while Taylor and Williams conclude
that liquidity does not play a role.” Based on a simple arbitrage argument, we
measure in the empirical part of this paper the liquidity component in money
market rates simply as the difference between the one-year Euribor spread and
the spread of one-year CDS contracts on major banks. We find that liquidity
has been a key driver of money market spreads since the start of the turmoil.

Our theoretical model contributes to another very recent body of literature,
the literature on funding liquidity and collateral. A recent example is Brunner-
meier and Pedersen (2006) who analyse the concept of funding liquidity and the
relation between funding liquidity and market liquidity. There, funding liquidity
is essentially defined in terms of collateral margin levels and therefore closely
relates to institutional factors. Our model also discusses funding liquidity, fund-
ing liquidity risk and the role of collateral, with however a very different and
more general focus. In our model, funding liquidity refers to the spread between
interbank money market spreads and CDS spreads as well as the money market
term spread. Acharya and Viswanathan (2008) discuss the role of collateral on
funding liquidity and credit rationing. The impact of collateral on the maturity
of loans and term spreads is not discussed.

Our modelling approach is remotely related to the literature of optimal re-
financing in the presence of liquidity shocks (and moral hazard), as pioneered
by Holmstrom and Tirole (1998). Just like in our model economic agents are
faced with liquidity shocks that they can choose to refinance short term (i.e.
every period) or, long term via contracting in the initial period. In contrast to
Holmstrém and Tirole, however, in our model this decision is merely a question
of the price — since liquidity shocks do not eat up capital but sum up to zero
there will always be refinancing available — while in the Holmstrém and Tirole
world ex-ante contracting of refinancing is a form of taking out insurance against
forced project termination in the interim period.

Our paper has some similarities with the literature on bank runs. In the
classical paper by Diamond and Dybvig (1983), banks can either hold cash or
invest in a two—period project that can be liquidated after one period only at
a loss. A liquidity shock after one period in the form of a bank run occurs if
depositors fail to coordinate on a no-run equilibrium, enforcing the early liqui-
dation of the two-period project. Starting from the theory of global games (see
for example Morris and Shin (2003)), several authors have extended the frame-
work of Dimond and Dybvig in a way that makes the liquidity shock depend on
(information on) random fundamentals rather than on coordination failures (for
example Carlsson and van Damme (1993) and Goldstein and Pauzner (2005)).
We also consider banks that can invest (lend) funds for one or two periods and
that face the risk of random (exogenous) liquidity shocks after the first period.

5For a discussion of the difference between Wu (2008) and Taylor and Williams (2008), see
Wu (2008).



However, in contrast to the bank run literature, liquidity shocks do not lead
to default in our model. They only require banks that lent out funds for two
periods rather than one to raise additional funds after one period at relatively
high cost. Moreover, we do not only consider banks with a surplus of funds that
they wish to invest, but explicitly model banks that have a liquidity deficit for
two periods and allow them to either borrow once for two periods or for one
period twice.

Another strand of literature to which our paper may contribute is the liter-
ature on the yield curve as we consider the term spread as a result of expected
funding conditions. Finally, our paper may also provide some suggestions for
the valuation of deposits and bonds by CDS spreads.’

The paper is organised in three sections. Section 2 summarises the main
empirical observations. Section 3 outlines the theoretical model and provides
the main intuitions. Section 4 concludes.

2 Main empirical observations

The start of the financial market turbulences was clearly marked by a strong
increase of unsecured term interbank money market rates in the beginning of
August 2007. Chart 2 shows the evolution of the spread between the Euribor
and the Eurepo’ for the 3-month, 6-month and 12-month maturities. Within a
few days, the spreads went up from about 10 basis points (bps) to around 70
bps and remained at these levels until later summer 2008. In September 2008,
after the default of Lehman Brothers, spreads increased further to reach levels
above 200 bps.

To assess the reasons for the sharp increase in the Euribor, we compare
Euribor spreads with spreads of credit default swaps (CDS). A (single name)
CDS contract between two parties, the protection buyer and the protection
seller, is characterised by a reference entity, a reference obligation, a notional
amount, a CDS spread and a maturity. The reference obligation is typically a
bond issued by the reference entity that matures after the CDS contract. A one-
year CDS contract on reference entity ’bank 5’ with a notional amount ¢ and a
CDS spread p means that the protection buyer pays quarterly, for the first time
after three months and for the last time after 12 months, a premium i pq to the
protection seller if bank 3 does not default on the reference obligation within one
year. If bank 3 defaults within one year, then the premium is not paid anymore
after the day of default. Instead, the protection seller pays the notional amount
of the CDS to the protection buyer after the default and receives the reference
obligation from the protection buyer.

Duffie (1999) and Hull and White (2000) argue that the CDS spread should
approximately equal the difference between the yield of a par bond of the refer-
ence entity that matures when the CDS matures and the risk free rate, i.e. the

6See for example Duffie (1999) and Hull and White (2000).
"The Eurepo is an average general collateral (GC) repo rate from euro repo transactions.
For more details, see www.eurepo.org.
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asset swap spread. If this is not the case, then arbitrage opportunities may arise.
Suppose that the CDS spread is below the asset swap spread. Then investors
could realise profits by raising funds X at the risk free rate (e.g. in the repo
market against high-quality collateral), buying the par bond with these funds
and buying protection with a notional amount equal to X. If the CDS spread
is above the asset swap spread, then investor could sell the bond and protection
and invest the proceeds from selling the bond at the risk free rate.

In a similar way, it can be argued that the one-year CDS spread on some bank
[ should equal the difference between the one-year unsecured interbank market
rate at which the bank borrows funds and the one year repo rate. In particular,
if the CDS spread is below this rate differential, then investors could raise funds
in the repo market, lend them unsecured to bank § and buy protection against a
default of bank 8 through the CDS. A precise set of assumptions that supports
this argument is analysed in Annex A. It is also shown in Annex A that the
(risk-neutral) probabilities of default of bank (§ implied in CDS spreads are
lower than those implied in money market rates if CDS spreads are lower than
spreads of unsecured money market rates over repo rates. It can therefore be
concluded that money market spreads do not only represent borrowers’ default
probabilities (credit risk premia), but also other components which may be
called liquidity risk premia, if money market spreads exceed CDS spreads.

This argumentation establishes a relation between the spread of a one-year
CDS on a specific bank and the (spread of) the interest rate at which the bank
borrows unsecured for one year in the interbank market. However, we do not
have information on this interest rate. We only have the one-year Euribor. To
see to which extent we can replace the bank specific borrowing rate by the one-
year Euribor, it is important to understand how the Euribor is defined. The
Euribor is calculated as an (unweighted) average of (up to) 43 individual rates,
each rate reported by a so-called Euribor panel bank. The 43 panel banks are
supposed to report "to the best of their knowledge [...] rates being defined as
the rates at which euro interbank term deposits are being offered within the
EMU® zone by one prime bank to another at 11.00 a.m. Brussels time (‘the
best price between the best banks’)"?.

Thus, the rate that a panel bank reports is not the rate at which other banks
offer deposits to the reporting bank or the rate at which the reporting bank offers
deposits to other banks. It is the rate at which the reporting bank believes one
of the best banks offers deposits to another one of the best banks. Indeed, the
(up to) 43 daily individual contributions to the one-year Euribor do not deviate
much from one another as Chart 3 shows. The standard deviation of individual
contributions remained below five basis points even during the turmoil.!’

It is therefore plausible to consider the Euribor as a lower bound of interbank
rates so that an individual bank should normally not be able to borrow below
Euribor and many banks should only be able to borrow at rates above Euribor.

8EMU stands for European Monetary Union.

9Quoted from the Euribor Code of Conduct, see www.euribor.org.

10For a comparison, the chart also provides the standard deviation of spreads of one-year
CDS contracts on 20 Euribor panel banks.



The above argumentation therefore suggests that arbitrage could be made if the
(one-year) CDS spread of a specific bank is below the spread of the (one-year)
Euribor over the one-year Eurepo rate.

Chart 4 shows (i) the spread of the one-year Euribor over the one-year Eu-
repo (dark line) and (ii) the average one-year CDS spread over CDS contracts
on 20 Euribor panel banks. These are all panel banks for which CDS data have
been available from Bloomberg at least from June 2007 onwards. CDS spreads
approximately equalled Euribor spreads before the start of the turbulences in
August 2007. However, since August 2007, spreads of the Euribor over repo
rates have been much larger than CDS spreads. The following charts present
bank specific CDS spreads for the 20 panel banks and compare them with the
one-year Euribor spread. Euribor spreads have been close to CDS spreads before
the start of the turbulences, but much higher than CDS spreads for virtually
all banks and all days since the start of the turbulences. The only exceptions
are a few banks with elevated CDS spreads in March 2008 at the peak of the
Bear Stearns crisis. It appears plausible that these banks could borrow only
well above Euribor at that time so that most likely the bank specific borrowing
rate was above the respective CDS spread also for these banks.

Before we continue to explaining these observations with our model, we re-
port a few other observations that will turn out to be relevant in the context
of the model. First, it is interesting that only spreads in term money mar-
kets widened, while spreads in overnight unsecured money markets remained
unchanged. Chart 5 shows the spread of the Eonia over the ECB’s minimum
bid rate. Obviously Eonia spreads remained on average on pre-turmoil levels
although they became much more volatile.

It is important to note that the Euribor and the Eonia are defined in very
different ways. The Eonia is the volume weighted average of rates from unse-
cured overnight transactions of a panel of 43 prime banks (the same panel as for
Euribor). The Eonia is thus based on transactions that effectively took place.
The Euribor is the average of rates at which panel banks believe prime banks
can borrow from other prime banks. The Euribor therefore does not necessarily
refer to real transactions.

Against this background, it is interesting to look at how volumes have evolved
during the turbulences. Unfortunately, there are hardly any reliable data on
volumes in term money markets. However, anecdotal evidence suggests a sharp
decline in unsecured term money market volumes in paralell to the strong in-
crease of rates. For example, based on interviews with several market partici-
pants, BearingPoint (2008) finds: "In previous editions of BearingPoint’s repo
study we pointed out that the unsecured money market still offers banks a sim-
ple and attractive way of getting liquidity in and out of the market. However,
this has changed quite dramatically since mid 2007. Today, banks only selec-
tively provide cash on an unsecured basis. For example, borrowing money from
other banks or even between different departments of the same bank for more
than a day has become very difficult." and "(...) liquidity in the unsecured mar-
ket is currently concentrated on 'Overnight ’ transactions". Indeed, volumes in
unsecured overnight markets seem to even have increased slightly as Chart 6 on
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Eonia volumes shows.

3 The model

We consider a model with three periods t = 0,1,2 and N banks. There are two
types of banks in ¢ = 0, %N banks are a-banks and %N banks are 8-banks. We
assume that at the beginning of period 0 all banks have exactly as much cash
(central bank deposits) as they need to hold in all periods. However, already in
period 0 there are exogenous cash transfers dy from (customers of) S-banks to
(customers of ) a-banks. That is, each S-bank sends dy and each a-bank receives
dyp.

In period ¢t = 1, a-banks are divided into three subgroups: (1 — 7)%]\7 banks
are of type acq, (1 — ’y)iN banks are of type af3, and W%N banks are of type
ay. There are exogenous cash transfers d; from (customers of) af-banks to
(customers of ) awa-banks, i.e. each af-bank sends d; and each ca-bank receives
di. Banks of type a-y do not send or receive cash. We assume that the size of
cash transfers d; is random with density f and distribution function F' and that
a-banks do not know in period ¢t = 0 of which type they will be in period t = 1.

Period t = 2 is the termination period. Banks default only in t = 2. The
probabilities of default are p, for a-banks and pg for B-banks. These proba-
bilities are the same in t = 0 and in ¢ = 1, i.e. all a-banks have the same
probability of default independent of whether they turn out to be a«a, af or
ary. Moreover, probabilities of default do not depend on the size of the (random)
liquidity shock d;. Recovery rates of default are assumed to be zero.

There are three types of markets. Banks can borrow and lend riskfree in
repo markets against perfect collateral. There is a one-period and a two-period
repo market in ¢ = 0 and a one-period repo market in ¢ = 1. The one-period
repo rates r%l int =0 and r}-f in t = 1 are exogenous and non-random. For
simplicity we assume T%’l = 7"22. The two-period repo rate in ¢ = 0 is denoted
rr and we assume (1+7g) = (1 +7%")?, i.e. the risk free yield curve is flat.!!
Banks have perfect collateral C, and Cg in t = 0 and the value of collateral
increases at the repo rate (accrued interest). Collateral can be reused. If an
a-bank receives collateral from a fS-bank in ¢ = 0 for a two-period loan, then
the a-bank can use the collateral for example to secure a one-period loan that it
receives in period ¢ = 1. We will however assume most of the time that S-banks
do not have collateral (Cg = 0) and discuss the role of collateral available to
(B-bank only briefly later on.

Banks can also borrow and lend in an unsecured interbank money market.

The rate rg’l in the one-period unsecured market of period ¢t = 0 equals of course

r%’l as there is no default in period ¢ = 1. For simplicity we assume that there

is no one-period repo trading in ¢t = 0 as the one-period unsecured trading in
t = 0 is a perfect substitute because default cannot occur in ¢ = 1. The rate in

1 Note that in the present model with two different maturities and a discrete time setting
the flat yield curve does not imply arbitrage opportunities.



the one-period unsecured market of ¢ = 1 depends on the probability of default
of the borrower. Type af-banks borrow unsecured in ¢t = 1 at rate 7“(1152 with
(1 —pa)(1+ rig) =(1+ 7‘%1) and type S-banks borrow unsecured in ¢t = 1 at
rate 7"}3’2 with (1 —p4)(1 —|—7‘é’2) =(1 —l—r%l). Thus, all one-period rates are quasi
exogenous. The only endogenous rate is the two-period unsecured market rate
of t = 0, which we denote r. Interest in repo markets and in unsecured money
markets is to be paid when a loan matures.

Finally, there is a credit default swap (CDS) market in ¢ = 0. The underlying
reference entities are [-banks. A protection buyer will receive the notional
amount of the CDS contract if the underlying S-bank defaults and will pay p-
times the notional amount otherwise. We assume that the banks of our model
always trade CDS contracts with institutions that are not modelled explicitly,
that never default and that ignore counterparty risk. Thus, the CDS premium
that an a-bank will receive if it sells protection and the CDS premium that
it has to pay when it buys protection do not depend on p,. We will discuss
counterparty risk in CDS contracts briefly in Section 4.

All random variables are assumed to be independently distributed. This
would also imply that one S-bank defaults independently of another [-bank.
However, we consider the S-banks as one representative S-bank instead of many,
which implies for example that CDS contracts are on the same S-bank and
that all loan trades of an a-bank with a S-bank, no matter whether the trade
takes place in period 0 or in period 1 and whether it matures after one or two
periods, will be with the same (§-bank. All banks are risk neutral, price takers
and maximize expected utility in the termination period. Utilities equal profits
unless the bank defaults in which case the utility is normalized to zero. We
assume that (1 -+ r%l)do < dy. This means that af-banks will in any case need
to borrow in ¢t = 1, even if they lend in ¢t = 0 only for one period.

Because we assume risk neutrality, banks do not trade in the CDS market
to hedge the risk of losses from default in the interbank market. Moreover, the
expected return from a CDS portfolio does not depend on a bank’s activities in
the interbank markets. Finally, activities in the CDS market are not constrained
by activities in interbank markets. For example, as we assume that CDS con-
tracts are not collateralised, borrowing in the repo market does not reduce the
size of CDS trades that a bank can conduct. For these reasons, there is a clear
dichotomy of the CDS market on the one hand an the interbank markets on the
other. Banks build up a CDS portfolio if there is a CDS portfolio that has a

positive expected return. This is the case whenever p # 7 2 ’; = We therefore get

the following result:

ps

Proposition 1 In equilibrium, we have p = T—p5 "

Ifp> P ’; " then a-banks would offer as much protection as possible, in our
ps

model infinitely many contracts. If p < T—ps
much protection as possible, in our model infinitely many contracts. Both is

then a-banks would demand as

ECB
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not compatible with an equilibrium.!?

We now turn to the interbank markets and first look at cases without funding
liquidity risk (y =1 or p, = 0 or sufficient endowment of collateral). Let X022
be the equilibrium amount of unsecured two-period loans granted in ¢t = 0 by
an a-bank.

Proposition 2 Let C3 = 0. Let p, =0 ory =1 (or both). Then any X2? €
[0,do] is an equilibrium and the unique two-period unsecured interbank market

rate is
_1+rg

= s

1+7r (1)

Thus, if there is no funding liquidity risk or a-banks cannot default, then
two-period unsecured loans are possible as the rate for such loans is low. The
same holds if a-banks have sufficient collateral to borrow any amount needed
in t =1 in the repo:

Proposition 3 Let Cs = 0. Let po > 0 and v < 1. Assume that there is some
number @ €)0, do| such that F[\/(1 +1Rr) - (a+Cy)] = 1 if and only if a € [a,do].
Then any X%?% € [0,dy — @] is an equilibrium and if X%? > 0, then the unique
two-period unsecured interbank market rate is again given by equation 1.

In other words, if the shock d; cannot exceed the value of the collateral in
the hands of a-banks plus the amount of money that an a-bank receives back
in t =1 from a one-period loan granted in ¢ = 0, provided that this loan had a
volume of at least @, then two-period unsecured loans are possible and the rate
for such loans is low.

From these propositions, we immediately get

p(l+rg)=r—rg (2)

whenever the conditions of proposition 2 or proposition 3 are fulfilled. It is easy
to show that equation 2 is the arbitrage-free condition under this set-up. Thus,
the approximate arbitrage-free condition p = r — rr can be made precise in the
context of our model. Equation 2 needs to hold exactly to ensure that arbitrage
cannot be made under the assumptions of the model and the conditions of
proposition 2 or 3.

We now come to our main result. It describes the situation in the presence of
funding liquidity risk. Funding liquidity risk is defined in our context as the risk

121t is easy to understand at this point that we could model the CDS market in a more
realistic way without changing the results. It would require however a more complex notation.
We could assume that there is a (large) number of big institutional investors who are active
in the CDS market but have no access to the interbank market (as they are not banks). CDS
contracts need to be collateralised and the institutional investors do have enough high-quality
collateral for this. Given the size of the institutional investors and the banks’ potential lack of
collateral, the activities of the institutional investors alone determine the CDS spread, which
will thus be p = 1fiﬁ. Given this spread and given the lack of collateral, banks will decide
not to trade CDS contracts.
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that a liquidity shock materializes (7 < 1) and that funding costs at the time
of the liquidity shock exceed the risk-free rate because (i) default probabilities
are positive (p, > 0) and (ii) there is a lack of (high quality) collateral.

Proposition 4 Let Cg = 0. Let po, > 0, v < 1 and F[¥] < 1 with ¥ =
(1+7rg)-(do+ Cq). Then any

1+7"R.1+7'R' 1—7v pa

T e (= P

1
+re] 5 1o

is an equilibrium and X202 = 0. Only if

< 1+rp

14+r<
l—pﬁ

then B-banks would have positive demand for unsecured two-period loans in t =
0. Only if

1+ (1— Flu)) =2 P

1+7rp
1 > .
r 5 1-pa

~ 1=pg
then a-banks would have positive supply of unsecured two-period loans in t = 0.

Thus, the two-period unsecured market breaks down if funding liquidity risk
is present. All unsecured loans are one-period loans.

As explained in Section 2, the Euribor is defined as the (average) rate at
which reporting banks believe (prime) banks offer interbank (term) deposits to
other prime banks. Suppose that the banks in our model are considered prime
banks. As a-banks offer two-period interbank deposits to S-banks in our model
at the rate L+ 1
ElfR Tvlfa -1 ®)

pp Pa
we can argue that rg is a model representation of the Euribor. With propositions
1 and equation 3, we get

[+ (1= F[))

TE

1+rg
1+ (1— F[o]) 52 2=

2 1-pa

p(l+7rg) = —(1+rr)<rg—rg (4)

Thus, the two-period CDS spread (multiplied by 1 plus the two-period repo
rate) is now smaller then the spread of the two-period Euribor rg over the
two-period risk free rate. These results are in line with the empirical findings
presented in Section 2.

The money market liquidity risk premium can be defined as the spread of
rg over r as given in equation 1, i.e.

14+7rg

LrP = TR Pt P (5)

—DPp 2 1—pa

The liquidity risk premium can also be written as

LRP:TE—TR—p(1+TR) (6)
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It is easy to show that equations 5 and 6 are identical.

It should be noted, however, that the liquidity risk premium essentially refers
to a considerable extent to default risk, namely the risk of a default of the
respective a-bank.

Up until now, we have discussed cases with Cg = 0. We merely note that
the case of Cz > 0 is not very exciting. If S-banks have (perfect) collateral, then
they will use it. They will simply borrow an amount of Cp in the repo market

in t = 0 for two periods. For the remaining deficit c?o = dy — Cg, the above
argumentation holds without changes. We have assumed that repo rates are
exogenous so that a-banks cannot require a funding liquidity risk premium in
repo markets. There is indeed no funding risk that may result from two-period
loans granted in the repo market as the lender receives high-quality collateral
that can be reused. If the lender is hit by a liquidity shock before the loan
matures, he can use the collateral to borrow funds in the repo market at the
risk-free rate.

4 Discussion and conclusions

The above model provides a simple explanation for the rise of interest rates in
unsecured interbank term money markets in the wake of the financial market
turmoil that started in August 2007. It can explain two major observations:
(i) (one-year) unsecured interbank market spreads have significantly exceeded
CDS spreads since August 2007 (while overnight interest rate spreads have re-
mained low); and (ii) volumes in unsecured interbank term money markets have
reportedly been at extraordinarily low levels since the start of the turmoil while
volumes in unsecured overnight markets remained high.'?

Another observation that fits well to our model refers to the end-of-quarter
effects on money market rates during the turmoil. For example the one-month
Euribor spread has been clearly higher in the last month of each quarter (in
particular in the last month of 2007) than in other months since the start of
the turmoil. Similarly, the one-week Euribor spread has been higher in the last
week of each quarter than in other weeks.'* Our model suggests as a possible
explanation a higher risk of liquidity shocks or of a collateral shortage at the
end of the quarter so that lending money for a term that ends only after the
end of the quarter is particularly risky.

Given the significant spread between Eonia rates and Euribor rates, which
apparently do not reflect interest rate expectations, it is remarkable that banks
do not seem to raise funds repeatedly overnight at Eonia and lend them out at

13The low overnight deposit spreads may not only be due to the absence of funding liquidity
risk premia in overnight markets, but also due to central bank interventions which have been
an important factor during the turmoil. It is also noted in this context that volumes in
euro overnight markets remained high only until October 2008 when the ECB introduced full
allotment fixed rate tenders and replaced with this policy to a significant extent interbank
market activities.

14See ECB (2008), box No. 8.



Euribor.!® If banks did this to a large extent, then term money market vol-
umes should most likely be higher than anecdotal evidence suggest. Our model
provides a simple explanation: Funds can only be borrowed at the Euribor, but
lending funds at FEuribor is hardly possible as prime banks prefer to borrow
repeatedly overnight at the low overnight rate rather than for a longer period
at the high Euribor.

Another interesting observation is that Euribor future market activities have
declined since the start of the turmoil, but the market still seems to be liquid
(see Chart 7). It should be noted however that Euribor future positions are
normally closed before the contract expires.' Thus, Euribor future trades are
not carried out for funding purposes. The main motives behind Euribor future
trades might be speculation and hedging. As there are hardly any interbank
term money market transactions, Euribor futures may be used to hedge term
money market transactions between a bank and a corporation. The main reason
why there are no term market trades in our model is the assumption that banks
with a deficit in ¢ = 0 can borrow repeatedly overnight as an alternative to
rasing funds in the term market. Corporations might not have easy access to
overnight money markets and thus need to borrow in term markets despite the
extraordinary high Euribor rates.

In our argumentation, we have assumed that CDS spreads are determined by
the probability of default of the reference entity and can therefore be regarded as
a measure of credit risk. Accordingly, we have interpreted the difference between
interest rate spreads and CDS spreads as a liquidity risk premium in unsecured
money market rates. In reality, CDS spreads may also be influenced by other
factors. For example, CDS spreads may go down if probabilities of default of
protection sellers go up. However, this effect should be relatively limited as CDS
contracts are, as most derivative contracts, collateralised. If the probability of
a default of the reference entity increases, then the protection seller has to
provide additional collateral to mitigate the protection buyer’s counterparty
risk. Moreover, discussions with market participants confirm that CDS spreads
are still commonly used for credit risk modelling purposes, suggesting that CDS
spreads indeed represent mainly the probability of default of the reference entity.

We have presented a stylized model to stress our main points. Accordingly,
there are several extensions of our model that may be worth looking at. As a
first step, it may be interesting to allow for two types of players with a surplus
in period t = 0: «a-banks will as before be hit with a given probability by a
liquidity shock in period ¢ = 1; and a-banks will with certainty not be hit by
such a shock (or have plenty of high-quality collateral or zero default risk). Tt
is plausible that in the framework of our stylized model, a-banks will offer two-
period unsecured loans at the rate r as defined in equation 1. This rate would
be acceptable for S-banks so that we would now observe two-period unsecured
loans at low rates in equilibrium even if the new group of players will be small.

15The interest rate risk of this strategy could be hedge through an Eonia swap.

16Even if a position is not closed, a Euribor trade does not take place as only the difference
between the future rate specified in the future contract and the Euribor on the expiration day
(multiplied by the volume of the future contract) is to be transferred.
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However, another modification in addition to the introduction of a second
group of institutions would make the model more realistic and would probably
broadly confirm the main results of our paper. Suppose that S-banks have a
strong preference for borrowing once for two periods rather than twice for one
period, for example to reduce the mismatch between long-term assets and short-
term liabilities for regulatory reasons. Then there is some demand for two-period
loans even if two-period rates are relatively high. In this situation, a-banks may
still not be ready to lend for two periods. But @-banks will and S-banks will
compete for two-period loans from a-banks. Thus, two-period interest rates will
increase and volumes in the two-period money market will decrease when the
total surplus of a-banks (or the number of a-banks) decreases.

In this context, it should be noted that our empirical findings and theoretical
argumentation refer to the relation between CDS spreads and interbank money
market spreads. There is a growing literature on the relation between CDS
spreads and bonds spreads (spreads of risky bonds over the riskfree rate) which
has motivated our methodology. No-arbitrage conditions in principle imply
that the spread of a CDS on some reference entity equals the swap spread of
a par bond issued by the same entity. Empirical research has found that this
was indeed broadly the case before the start of the turmoil.'” However, to
our knowledge, it has not yet been analysed whether this has changed in the
turmoil. We would expect that the difference between CDS spreads and bond
spreads has been much smaller than that between CDS spreads and interbank
money market spreads during the turmoil. Interbank money markets are open
only to banks and primarily banks have faced high risks of liquidity shocks since
August 2007. Bond markets are open also to many other types of investors, in
particular to institutional investors, which might have been less affected by the
turmoil.'® Moreover, it is not impossible to use bank bonds as collateral while
interbank loans are not used as collateral in repo markets. For that reason,
investors in bonds should be able to raise funds in case of a need cheaper than
lenders in unsecured interbank markets.

Finally, we consider the influence of central banks’ implementation policy
on term money market rates in the context of our argumentation. Our analysis
suggests that the central bank could mitigate funding liquidity strains and thus
trim down term money market rates through at least two different measures.
First, it could offer unlimited short-term credit at the central bank rate against
a broad range of collateral. In the context of our model, this means that banks
that face a liquidity shock could borrow at the relatively low central bank rate
in t = 1, provided that they have enough central bank eligible collateral.’
Second, the central bank could lend very liquid high-quality assets against a

17See for example Zhu (2004).

18 This may even be true for hedge funds as investors in hedge funds cannot withdraw money
from hedge funds at very short notice.

19The ECB started to allocate unlimited credit to banks at a fixed rate (through full allot-
ment fixed rate tenders) in October 2008. It was announced that this policy will be maintained
until at least March 2009. In line with our argumentation, Euribor spreads for loans that ma-
ture before or shortly after March 2009 decreased significantly while Euribor spreads for loans
that mature long after March 2009 remained broadly unchanged.
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Figure 1: Time structure

broader range of collateral including less liquid instruments. Banks that face a
liquidity shock can borrow high-quality collateral in t = 1 and use this collateral
to borrow in the interbank repo market at the low repo rate, again provided
that these banks have enough central bank eligible collateral. It should however
be noted that our model does not provide any suggestions on whether such
interventions should or should not be done from a welfare perspective.

5 Annex A: no-arbitrage condition in CDS and
money markets

Consider a CDS that matures after a period of length 1 (e.g. one year) which
is divided into T' sub-periods as in Figure 1 (for the case of T' = 4). Call the
t-th sub-period ¢’ and the end of this sub-period ¢. Let 0 be the beginning of
the sub-period 1’. Time is continuous and bank 8 may default at any point in
time so that default in each single point in time occurs with zero probability.
Assume that bank S borrows X in the unsecured interbank market in ¢t = 0
at (bank f specific) borrowing rate rg’T for T sub-periods. Assume that this

requires bank  to pay to the lender rg’T% - X in 1, 2,..., T and additionally X

in T if it does not default. If it defaults in ¢/, then it pays rg’T% -Xinl, 2, ..,

t—1 and the remaining obligations v (X, rg’T) (which includes interest accrued

between ¢ — 1 and ¢) multiplied by the recovery rate R in ¢, i.e. R- v’é (X, Tg’T).
Note that interest is paid in real unsecured money markets only at maturity so
that our assumption of interest payments before maturity is only approximately
correct.

If an investor buys protection against a default of bank g through a CDS
contract with notional amount ¢, then he will have to pay in 1, 2,..., T a premium
p% - q if no default occurs. If bank § defaults in ', then the investor pays the
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premium p% ~qin 1,2, ..., t — 1 and receives ¢ in ¢ (i.e. with some delay after
the default). We assume that the protection seller also pays interest at the risk
free interest rate on the notional ¢ for the time from the last premium payment
t — 1 to the time of the payment of the notional ¢. Finally, the investor has to
deliver the reference obligation with a nominal value g. If we assume that the
reference obligation yields r%T and pays interest in 1, 2, ..., t — 1 in case of a

default in ¢/, then it will trade in ¢ at price R - vé (g, rg’T).
Finally, there is a repo market. We assume that the repo rate for a repo

fromt —1 to ¢ is 7‘2 Lt %TORT, i.e. constant over all sub-periods.
Assume that p < rﬁ r%T. Then an investor with sufficient assets that

can be used as collateral in repo markets could make arbitrage. He could raise
an amount X in the repo market in 0 for T" sub-periods. He then lends X to
bank 3 unsecured at rate rg’T from 0 to T and buys protection with a notional
value of X. His cash flows if no default occurs are as follows: In 0, the investor
raises X and invests X so that the cash flow is zero. Int =1, ..., T, the investor
receives rﬁ T - X from bank 3, pays (14 7"0 T1 1) X in the repo market, raises

X in the repo market and pays pT X on the CDS. This gives a cash flow of
(ST — %7 — )1~X>0
B8 R T

If a default occurs in t’, then the investor receives this amount in 1, 2, ..., t — 2

and ¢t — 1. In ¢, he receives X - (1 + 1 % T) from the protection seller and has to
deliver bonds with a value of R-vj (X rﬁ’ 7). Moreover, he receives R-vj(q,r gT)

from bank 8 and pays (1 4 % L )"

flow of zero.

X in the repo market. This gives a cash

0,7 0,7

Thus, p < g — TR implies arbitrage opportunities for investors with
sufficient high quahty collateral. Markets are arbitrage free only if p = 7’0 T _
0.7
R

As usual, the arbitrage free pricing approach can be translated into a risk-
neutral probability approach. In a risk-neutral world, the expected present value
of the CDS contract should be zero, i.e. the probabilities of default p, of bank
B in period 7’ have to satisfy

T

= [l_zp‘r Z

=1/ t=1 +
! prX R-vé(X,rg’T)—(l—F%r%jT)-X

+ZPT’Z 0T L+ 0T

11/ t= 11+

»q\“ ’ﬂ\

]

Here, the first term represents the present value of the CDS (from the perspective

of the protection seller) if bank 8 does not default, multiplied by the probability

of no default. The other terms give the present value if bank 3 defaults in period
., T, multiplied by the repsctive probability.



Similarly, the expected present value of raising X repeatedly in the repo
market and lending X unsecured to bank § for T sub-periods should in a risk-
neutral world equal zero:

T T 07T_ 07TlX
- [172277’]'2( ;

t
/=1 t=1 L+ 77
/ _ 0 0,7 0,7
! 0,7
=1/ t:l 7 TR I+rg

It is apparent that these two equations can hold simultaneously only if p =
rgT — r%’T. Moreover, if markets are complete, i.e. if there is a CDS market
and an unsecured interbank market for all maturities 1,..., 7" and if payment days
in all these markets are 1,2,... until maturity, then markets are arbitrage free if
and only if the implied risk-neutral probabilities of default in CDS markets are
the same as the implied risk-neutral probabilities of default in unsecured money
markets.

Note that we have derived the no-arbitrage condition p = r&* — 7% 5 T under
a set of assumptions that are not fully realistic. The most important of these
assumptions is that interest payments on interbank loans are to be made on
the same days as CDS premium payments. In reality however, the CDS pre-
mium is paid quarterly while interest on interbank loans is paid when the loan
matures. For the protection seller, the frequency of premium payments is of
course an advantage. In order to compensate the protection buyer, one would
therefore expect that the CDS spread is a bit smaller than the interest rate
spread. For that reason, no arbitrage only requires that the CDS spread equals
approximately the interest rate spread.

0,7

6 Annex B: proofs

We use the following notation:

S92: Repo loan supply of an a-bank in ¢t = 0 for two periods.

S1:2: Repo loan supply of an aa-bank in ¢ = 1 for one period.

Sy 1 2 Repo loan supply of an ay-bank in ¢ = 1 for one period.

U o 1: Unsecured loan supply of an a-bank to a 3-bank in ¢ = 0 for one
period.

U%2: Unsecured loan supply of an a-bank to a SB-bank in ¢t = 0 for two
periods.

U, 1,2 w5 Unsecured loan supply of an aa-bank to a S-bank in ¢ =1 for one
perlod

Uij ap: Unsecured loan supply of an aa-bank to a af-bank in ¢t = 1 for one
period.

U, 1.2 3B Unsecured loan supply of an a~y-bank to a S-bank in ¢ = 1 for one
perlod
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U; 3 «p° Unsecured loan supply of an a~y-bank to a af-bank in ¢ = 1 for one
period.
q CDS protection demand of an a-bank in ¢t = 0.

: Repo loan demand of a $-bank in ¢ = 0 for two periods.
: Repo loan demand of an af-bank in ¢t = 1 for one period.
: Repo loan demand of a -bank in ¢ = 1 for one period.
»+: Unsecured loan demand of a S-bank in ¢ = 0 for one period.

: Unsecured loan demand of a S-bank in ¢t = 0 for two periods.
u,3: Unsecured loan demand of an af-bank in ¢t = 1 for one period.

: Unsecured loan demand of a S-bank in ¢ = 1 for one period.

We implicitly assume here that banks cannot give loans to banks of the
same type. We also assume that ca-banks cannot trade with a-y-banks and «a3-
banks cannot trade with -banks in ¢ = 1. All period 1 variables are assumed
to be non-negative and all unsecured loan period 0 variables are assumed to be
non-negative. Repo loan period 0 variables may be positive or negative or zero.

With this notation, we can define the profit of an a-bank for various cases.
For example, if the a-bank turns out to be an awa-bank and there is no default
of this bank and also no default of any of its trading partners, then

1 —I—T%’l 1,2 1 +T%1 1,2
1— D5 aa,3 1— Da ao,af

o = (L47R) SO+ (147 U2 —pgt- (14 ) Sy +

This event has a probability of (1 — p,)?(1 — pg)(1 —v)5. Here, (1 — pa)?

the probability that the a-bank does not default and the a8-bank with which it
trades does not default. If the a-bank turns out to be an aa-bank and there is
no default of this bank and of the S-bank, but default of the a8-bank with which
it trades, then its profit is given as above but the last term is to be replaced by
zero. The probability of that event is (1 — pa)pa (1 — pg)(1 —v)3. Taking into
account that utility is zero in case of an own default, we can write the expected
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utility of an a-bank in ¢ = 0 conditional on some d; as

Elry|di]

e~ (= p)(1 =)L =3[+ 7RSO+ (1)U

1 +r0’1 1+r0’1
0,1\ ¢1,2 R rl.2 R 71,2
—pq + (1 + Tr )Saa + 1 —pg aa,3 + 1 — Do aa,aﬂ}

1
a1 = p)L = Mgl + RIS + U+ U = pa+ (L4 E) S+ T F- Ui

1
+(1 = pa)ps(l — 7)5[(1 +7r)S%% + g4+ (1+r%N)SE2 +

1
paps(1 = )5 [0+ r)SY2 + g+ (1+1%1)SL)

(1= pa)(1 = pp) (1 =) S [(1+78)SO2 + (14 1)UO2 — pg — (1 +7%)sh2 -

2
+pa (1 —pg)(1 =)

+(1 = pa)ps(1 = N[ +7R)SY?+q— (1 +71p

N~ N

1 14!
+paps(l =751+ rr)Se? +q— (L+rph)sys — 1= pR

+(1 = pa)(X =PV [(1 +7R)SY* + (1 + r)U”?

1+T‘071 1.2 1+7‘071 1.2
_ 1 0,1 51,2 R s R )
pq + ( +TR ) ay + 1 —ps ay,B + 1—pa CX’Y@B]

1 —1—7“0’1
+Pa(1 = pa)y[(L+7R)SQ? + (L4 1)U = pg + (L7580 + 5 ; Uy sl
s e
0,2 0,1y 01,2 1+ ry! 1,2
(1= pa)psy (L +7TR)SS™ + a4+ (147 )8y + 57— . Ul apl

+paps (1 +71R)SY” + g+ (1+r5h)Se7
Rearranging gives

E[ﬂ'a|d1]

o, = rr)Se” + (1= pg)(1+ U = (1 - pg)pg + psq

1 0,1 1,2 1,2
+(]- - ’7)5(1 + TR )[Si/o% + Uaa,[ﬁ + Uaa,aﬁ]
1 1+ ry!

NIRRT RS S0

(1 +rEISET + Uny s+ Ul ag)

1 +T'(})_—é1 1,2
1 — Pa

[(1+7rr)SY*+ (147U — pg— (1+ r%,jl)saﬁ

0,1
0.1yo12 I+7rg 2]
af 1 — Do af

1 +'f’%1 1,2 ]

aa,ozﬁ]

0,1
12 147y 1,2]

u
1—po P
0,1
12 1+7rg ul?]
l_pa of

1,2
aﬁ]
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The a-bank has the following contraints:

SeP+UM+ UM = dy
do—8%? > U% >0
-8%2 < O,
dy+ (14U = S+ ULE s+ UL,
di—(1+ r%l)UO’l = s(llg + ui’g
s < (L+rphCa+ (1415180
(14U = S+ U s+ U,

Moreover, it is clear that an af-bank will always borrow in period 1 as much
as possible against collateral, i.e.

swp = min{di — (1+r5HU (1 + 73N Co + (1415150

tgy = = (U g —min{dy = (Ut rg U (147500 + (L r51)507)
= max{0;dy — (1+7%")Co — (L +rE" (U™ + 522)}

Thus

Elr,|d

1[7Tpl] = (L+7R)Sg? + (1= ps)(1+7)ldo — U™ = 527 (7)

1
—(1=pa)pg+ppg+ (1 —7)5(1+ rEDdi + 1+ U

—_

~(1=7)5 (L +rg) - min{dy — (1 +rgHU (1 +75")(Ca + 52°)}

— DN

—(1— 7)5(1 +79%h ~max{0;d; — (1 +7%")(Cy + Ut + 892)}

+7(1 +rg) U

1
1 — Pa
We now assume Cjg = 0 so that S92 = 0. For any d; < (1 + r%l)(U[L1 + Ch),

we get from equation 7

Elralds < (1 +rE) U + Cy)
]- — Pa

=(1=pg)A+7)(do —U) + (L +rp)U™

and for any d, > (1 +7%") (U 4 C,,), we get from equation 7
Elraldi < (145U + Cy)]
1_pa
1
= (1—pg)L+7)(do—U")+(1- M5 (L+7rR)

27po¢

UU,I
1 — Pa

1 o
YL rR)U (L= 7)5 (147 fp [(1+ 1% C, — d]

ECB
|| Working Paper Series No 1025
March 2009



Let d; be the highest value in the support of d;. Thus, a-banks maximise the
unconditional expected profit

(1+r U +Ca) o1
Elr,)] / Elraldi < (14715 ) (U +C,)]

1*]00[ - 1*1004

= (®)

(1+r%")do

o
Efmald < (1 +rg) (U + Ca)l

* l_p(x

(7% (U0 +Ca)

with respect to U%! and ¢ subject to dy > U%' > 0. Using Leibniz’s rule, we
get after some rearrangements

6?[7"a}
spor = —(-p)(1+7) )
FAU )L+ (1 - FIO 4+ D)0 + Ca) 5 —

For a f-bank, the (unconditional) expected profit is

Elmg] _ (4 rp)s%? — (14 P)u? — (14 r%1)sk? = 1+ T%lum
1—pg B R /B 1 —pgs B
The related constraints are
s%’z + 0t %2 = do
do — 52’2 > w9l >0
s%’2 < Cp
sg’z + ué’2 = (1+ 7,(1)2,1)“0,1
sg? < (L+rEHCs — (L4+rph)sy?

A B-bank will always borrow in period 1 as much as possible against collateral,
ie.
- min{(1 + r%l)uo’l, (1+ 7’?{’1)(05 — 32’2)}
wg® = (gt = min{(14 g (15 (05 — s57)
= max{0; (1 + ") (u”" — Cs + 537}
Thus, a S-bank maximizes
E
Hral E”;fi = (1 rR)sY% — (14 1) (do — u® — 557 (10)
—(L+ g minf (14 gt (1) (Cs - 557))
1+ r%l
1 —pgs

max{0; (1 + %) (u® — Cp + sg’z}
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with respect to u%! and sg’z and subject to dy — sg’z > %1 >0, 8%2 < Cg.

For C3 =0, i.e. sg’z =0, we get

Elnp] 01y LF+TR o1
=—(1+7r)(do—u"")—
2L = (L) — ) -
so that Bis]
s
1-pg (1+rr)
Ju0-1 (L+7) = 1-ps (11)
[ |

Proof of proposition 1:
This follows immediately from equations 7 and 8
|

Proof of proposition 2:

With equation 9 we get from v =1 or p, =0

E[ﬂ'a]
o = —(1=pa)(1+7) + (1+7n)
If this equals zero, i.e. if
(1 + TR)
1+7r)=+—"2
(1—pg)

then a-banks are indifferent between lending for two periods or for one period.
If (1+ ) is greater, then U%! = 0 and U%2? = dy. If (1 + r) is smaller, then
U%! = dy and U2 = 0. If equation 11 is zero, i.e. if

then S-banks are indifferent between borrowing for two periods or for one period.
If (1 +7) is smaller, then u®! = 0 and u%? = dy. If (1 + r) is greater, then

u®! = dy and u%2 = 0. It follwos that an equilibrium requires 1+ = %. As
both sides of the market are now indifferent, any X%2 € [0;do] is an equilibrium.

|

Proof of proposition 3:

The proof is very similar to that of proposition 2 and therefore omitted here.

|

Proof of proposition 4:

An a-bank will offer two-period funds (i.e. U%! < dy) only if equation 9 is
zero or negative for U%! = dy. It is zero for U%! = d iff

(1+rg)
(1—pp)

1+ (1— Flu)) =2 P

1 =
(1+47) > T



If (1 +7) is greater, then U%! < dy and U%? > 0. If (1 + ) is smaller, then
U%! = dy and U%? = 0. If equation 11 is zero, i.e. if

(1 + ’I"R)

14+7r)=
( ) 1—pg

then S-banks are indifferent between borrowing for two periods or for one period.
If (1 +7) is smaller, then u®! = 0 and u%? = dy. If (1 + r) is greater, then
w9l = dy and w%? = 0.

It follwos that an equilibrium with X2 > 0 is impossible and that X% = 0
requires that

1+’I"R.1+’I“R
l—pﬁ"l—p@

Ll

1 S
trel 5 1 pa

1+ (1= F[Y])
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Figure 2: Spread of Euribor rates over Eurepo rates for 3-month, 6-month and
12-month maturity. Sources: Bloomberg and www.eurepo.org.
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