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Does the Eurosystem’s lender of last resort facility has a

structurally different option value across banks?

November 30, 2014

Abstract

Using a unique data set, we study whether structural bank characteristics can help to

explain a bank’s propensity to take recourse to the ECB’s marginal lending facility (MLF).

Our key finding is that structural measures capturing a bank’s business model as well as

structural characteristics its liquidity risk management such as volatile reserve holdings, a

lower average reserve fulfillment and a more aggressive bidding behavior in the main re-

financing operations have a highly significant predictive power for a bank’s access to the

lender-of-the-last-resort (LLR) facility. These results suggest that the option value of hav-

ing access to the ECB’s LLR varies fundamentally across banks. Banks with a business

model that exposes them to larger liquidity risks benefit more from a a uniform marginal

lending rate. Thus (i) a uniform marginal lending rate undermines market discipline and

(ii) structural bank characteristics could be used to adequately adjust the pricing of the

MLF to bank specific structural liquidity risks. A bank specific MLF rate may thus be a

complementary measure to the Basel III liquidity regulation.

Keywords: Lender-of-the-last-Resort lending, Structural bank characteristics, Predicting

distress for single banks, Monetary policy implementation

JEL Classification: E58, G01, G21



1 Introduction

With the marginal lending facility (MLF), the Eurosystem provides Euro area banks unlimited

anytime access to overnight liquidity at a fixed and known penalty rate against a broad range

of collateral. By design, the MLF is thus close to the Bagehotian description of a Lender of

Last Resort (LLR) facility: The Bagehot rule states that the central bank in its position as a

LLR should lend freely against good collateral, but only at a penalty rate and only to illiquid

but solvent institutions (Bagehot, 1873). In the presence of imperfectly functioning money

markets, the discount window of the LLR is therefore supposed to help banks overcoming

temporary liquidity shortages (see Bhattacharya and Gale, 1987). The presence of such a LLR

facility should mitigate the pressure of banks to sell assets at fire sale prices, prevent inefficient

liquidations of solvent banks, avoid contagion in interbank markets and negative externalities

for the real sector.

The intention of a penalty rate on the LLR facility is to ensure that this facility is indeed

only used as a last resort and to contain moral hazard. In Europe, the Eurosystem implements

a homogenous penalty rate on the MLF which is usually set 100 basis points above the main

refinancing rate. The idea of a homogenous penalty rate is to treat all financial institutions equal

and to maintain a level playing field across banks (ECB, 2011). However, in practice, banks

follow different business models and thus have varying degrees of liquidity risks. A homogenous

penalty rate might then benefit particularly those banks that structurally run large liquidity

risks or manage their liquidity imprudently. Furthermore, depending on their business model,

the incentives for (liquidity) risk taking might vary across banks. In particular, the LLR option

may give banks an incentive to underinvest in liquidity, ultimately turning to the LLR facility

if they are hit by a liquidity shock (see Repullo, 2005). Consequently, a homogenous penalty

rate on the MLF might actually distort competition, subsidize banks with higher liquidity risks,

and crowd out banks with low liquidity risks. To avoid these problems, bank specific penalty

rates related to banks’ structural liquidity risk might be required.

The goal of this paper is to analyze whether banks differ in their structural propensity to

take recourse to the MLF, the Eurosystem’s LLR facility. In particular, we study whether a

bank’s likelihood to borrow from the LLR can be explained by structurally higher liquidity

risks. The identification strategy is based on bank-specific (pre-crisis) structural characteristics

which are used as instruments for explaining a bank’s MLF access during subsequent crisis and

non-crisis times. We define the structural characteristics as simple averages of bank-specific

observables calculated before the onset of the financial crisis in August 2007. The idea is that

these constructed means are not endogenous to contemporaneous funding problems a bank

might face when taking recourse to the MLF but rather give an unbiased measure of time

invariant bank characteristics, capturing its structural liquidity risks. Similar to Fahlenbrach,

Prilmeier, and Stulz (2012), we thus hypothesize that the liquidity risk which results from a

bank’s chosen business model is rather a time invariant factor: banks with larger structural

vulnerabilities to liquidity shocks in periods of relative normalcy should thus be particularly



likely to suffer when liquidity risks materialize.

For our empirical analysis, we match six unique and propriety micro data sets from the

Deutsche Bundesbank, covering all banks registered in Germany. We use data on the MLF

recourses, reporting the date and the amount a bank borrowed from this LLR facility. We

match this data at the bank level with the monthly bank balance sheet statistics, the daily

reserve fulfillments, the weekly bids submitted in the main refinancing operations (MROs), and

the annual bank profit and loss statistics. Based on these bank-level information, we construct

bank-specific time varying and time invariant (structural) measures for banks’ liquidity risks and

business model characteristics. The time span of our data covers three different crisis regimes,

namely the subprime crisis, the Lehman collapse and the onset of the European sovereign debt

crisis. This allows us to test the explanatory power of our variables over three different crises.

Additionally, we test the structural means also in non-crisis times.

The key findings are that banks’ liquidity risk management and business model attributes

in the pre-2007 crisis time are highly predictive for their liquidity demand from the LLR during

the subprime, the Lehman and the sovereign debt crisis. Moreover, we can show that the

liquidity variables have an ex-ante explanatory power also for non-crisis times. Even when

adding contemporaneous control variables and time fixed effects, the mean variables themselves

remain highly significant. More precisely, banks with a structurally lower reserve fulfillment abd

a higher idiosyncratic funding liquidity risk in a time of normalcy have a significantly larger

likelihood to revert the MLF and to draw significantly larger Euro amounts from the MLF.

Hence, we find that exactly those banks that carry a structurally higher liquidity risk were the

ones with a higher likelihood to take recourse to the LLR facility across various time periods.

For those banks this implies that (i) the option to receive liquidity from the LLR at a fixed

penalty rate has a higher value and (ii) the costless provision of such an option provides a

greater subsidy to those banks.

Our findings imply that it might be inefficient to charge all banks in the banking system the

same penalty rate. Since banks seem to have heterogeneous option values for borrowing from

the LLR facility, depending on their structural liquidity characteristics, a uniform marginal

rate seems to benefit certain banks significantly more than others. This undermines market

discipline and might crowd out banks with a lower structural liquidity risk. Hence, the central

bank should use structural bank characteristics to adequately adjust the pricing of borrowing

from its LLR facility, thus creating an appropriate penalty rate based on the specific liquidity

risk profile of a bank and thus to re-establish a level playing field.

The remainder of the paper is organized as follows: The next section gives an overview of

the related literature, followed by a description of the Eurosystem’s operational framework, in

particular the marginal lending facility. In section 4 and 5 we introduce our data set, outline the

construction of our key variables and introduce the empirical methodology. Section 6 outlines

the empirical findings and section 7 and 8 conclude and derive policy implications.
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2 Related literature

There is a vast literature studying how banks’ characteristics affect their demand for liquidity

from the European Central Bank (ECB). Papers such as Craig and Fecht (2007), Bindseil, Ny-

borg and Strebulaew (2009), and Fecht, Nyborg and Rocholl (2011) and Cassola et al. (2013)

study the extent to which banks’ bidding behavior in the Eurosystem’s main refinancing op-

erations is determined by contemporaneous vulnerabilities to tensions in interbank markets.

Although we use a similar set of variables in our paper, contrary to those studies, we make use

of bank-specific attributes calculated as structural variables over a phase before the start of the

financial crisis and subsequently use them as instruments to analyze whether these structural

characteristics have a predictive power for the access of banks to the LLR facility of the Eu-

rosystem. A further related work to ours is Drechseler et al. (2013) who are more focussed on

persistent bank characteristic, in particular their asset quality, and its impact on banks’ bidding

in the Eurosystem’s MROs during the financial crisis. Similar to our work, these authors use

bank-specific characteristic from before the financial crisis as instruments for their subsequent

analysis about banks’ borrowing in the MROs after the onset of the financial crisis.

However, all of these papers study the demand in the Eurosystem’s main refinancing oper-

ations which constitutes the primary market for central bank liquidity rather then the recourse

to the MLF which is the actual lender of last resort facility in Europe. The rates in these open

market operations are closely linked to the rates in the interbank market. Thus, liquidity allo-

cated in the MROs is not provided at a serious penalty rate and is therefore rather a first resort

than a last resort measure. On the other hand, Fecht and Weber (2013) and Abbassi, Fecht

and Weber (2013) study the determinants of banks’ borrowing from the MLF and Armantier,

Ghysels, Sarkar and Shrader (2011) do the same for U.S. banks recourse to the FED’s discount

window. However, those papers do not consider structural or persistent factors but rather focus

on contemporaneous exposures to interbank market failures.

Thus, our paper is the first to study the structural determinants of the actual demand for

LLR liquidity in Europe. A related paper to ours can be found only for the U.S. banking

system: Puddu and Waelchli (2012) find a positive ex-ante correlation between banks that

access the Fed’s Term Auction Facility (TAF) during the financial crisis and their pre-crisis

liquidity risk (defined as the maturity mismatch in their balance sheet) and their investment in

illiquid collateral. However, the TAF could not be accessed on a daily basis, was organized as an

auction, and was just introduced after the start of the crisis in 2007. In a similar vein, Acharya

et al. (2014) analyze bank’s likelihood of LLR borrowing from the Term Securities Lending

Facility and the Primary Dealer Credit Facility and find that dealers with a lower degree of

liquid collateral before the introduction of these facilities tended to borrow more during the

crisis. However, the focus of the authors – similar to Drechsler et al. (2013) – is rather on

solvency than on liquidity issues and the TSLF was, as the TAF, organized as an auction which

should have preserved market discipline.

Our empirical analysis also makes an important contribution to the theoretical discussion on
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the optimal design of the liquidity provision by the LLR. Diamond and Dybvig (1983) show that

banks’ liquidity transformation is welfare enhancing but makes them vulnerable to self-fulfilling

runs, triggering liquidity shortages and the possible liquidation of solvent banks. However,

as Skeie (2008) points out, given frictionless interbank markets, solvent but illiquid banks are

always able to cover their liquidity needs in an efficiently working interbank market. Following

that view, there would be no need for a LLR to overcome individual liquidity shortages except

in the event of an aggregate liquidity shortage. Additional liquidity provision through open

market market operations would then be sufficient because the interbank market will ensure

that the additional liquidity is allocated to those (solvent) banks in dearest need of liquidity (see

e.g. Goodfriend and King, 1988). Thus given a frictionless interbank market, a LLR facility

such as the MLF of the Eurosystem is redundant for overcoming liquidity shortages.

However, if the interbank markets do not work frictionless, then the liquidity provision of a

LLR might be needed to prevent the liquidation of solvent banks. Indeed, various frictions can

emerge in the money markets: Achariya, Gromb, and Yorulmazer (2012) for example argue that

if individual banks gain market power in interbank markets, then these banks might squeeze

other banks which induces an inefficient liquidation and takeover of solvent but illiquid banks.

Freixas, Parigi, and Rochet (2000) on the other hand argue that coordination failures in the

rollover of interbank deposits can lead to a liquidation of solvent banks. In addition, Rochet

and Vives (2004) show that if market participants have different opinions about the solvency

of a bank, then this bank may also become rationed from the interbank market. Furthermore,

Freixas and Jorge (2008) show that in the presence of asymmetric information in the interbank

market, solvent but illiquid banks might be rationing from the interbank system. If the LLR is

in a better position to assess banks’ solvency, his liquidity provision might be welfare enhancing

(see Rochet and Vives (2004); Diamond and Rajan (2005)).

However, there are at least two costs of such a LLR liquidity insurance: First, if also the LLR

is only imperfectly informed about banks’ solvency, he might run into the risk of accidentally

supporting insolvent banks which could give banks an incentive to enter excessive solvency risks

as pointed out by Goodhart (1999). Secondly, if the central bank implements a LLR facility,

banks may have an incentive to invest too much in illiquid leverage as argued by Acharya and

Tuckman (2013), increasing the risk that a bank may suffer from a future funding liquidity

shortfall as the LLR facility gives no incentive to a bank to reduce its degree of illiquid leverage

in the short-term. Partially, these moral hazard problems can be mitigated through capital and

liquidity regulations (see Fahri and Tirole, 2012). However, a penalty rate charged for LLR

borrowing might be required to complement these measures in containing excessive risk taking

incentives as argued by Freixas, Parigi, and Rochet (2004). In sum, according to this literature,

the moral hazard problems and thus the optimal penalty rate are likely to vary across banks.

Moreover, it is easy to see that a homogenous penalty rate provides an implicit subsidy to those

banks with stronger liquidity risk taking incentives and a higher propensity to draw on the

LLR facility. Obviously this distorts competition and crowds out banks with low risk taking
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incentives and low vulnerabilities to liquidity shocks.

3 Institutional description

In the Euro area, banks are subjected to reserve requirements. Each bank has to hold an

average end-of-day liquidity balance on its current account at its respective central bank in

the Eurosystem over a reserve maintenance period (RMP). Not complying with the reserve

requirement is very costly for a bank and the rate charged on an under-fulfillment is the highest

interest rate that is set by the Eurosystem, although the Eurosystem has some discretion on

how to penalize reserve under-fulfillments.

To allow banks to smoothly fulfill their reserve requirements, the Eurosystem supplies cen-

tral bank reserves via open market operations (OMOs), in particular through its weekly main

refinancing operations (MROs). In addition, it caters the liquidly demand of banks by conduct-

ing longer-term refinancing operations and fine-tuning operations. Usually, however, the bulk

of liquidity is supplied through the weekly main refinancing auctions. Before the collapse of

Lehman Brothers, these auctions were conducted as variable rate tender auctions, where banks

bid for reversed repurchase agreements (repos) with a maturity of one week. Banks could sub-

mit up to 10 bid-quantity schedules with a minimum tick size of 1 basis point and a quantity

multiple of 100,000 euros, where bids must at least equal the minimum bid rate set by the

Eurosystem. If a bank’s bid was successful, it is obliged to pay the rate it submitted to the

Eurosystem and must supply eligible collateral.

Between two consecutive open market operations, banks may revert to the secured or unse-

cured money markets to cover their liquidity needs. Since lending in this market usually occurs

by private banks with a liquidity surplus, these banks charge a premium for the credit risk of

the borrowing bank. In crisis times, some banks may not be able to borrow even in the se-

cured money market because of increased adverse selection risks, collateral constraints, and/or

increased haircuts.

If banks fail to obtain adequate liquidity from the money markets, the Eurosystem offers

an alternative source for overnight liquidity with the implementation of the marginal lending

facility (MLF). This facility is similar to the U.S. Fed’s discount window. Contrary to the

U.S. Fed’s counterpart, borrowing from the MLF has no stigma attached since the identity of

banks borrowing from the European discount window (the MLF) cannot be inferred by market

participants. The MLF offers banks anytime access to overnight liquidity without a restriction

on the drawn amount, provided that banks can submit sufficient collateral. The marginal

lending rate is significantly above the main refinancing rate, and hence, borrowing from this

lender-of-the-last-resort facility is very costly to the bank. For the main part of our sample,

this penalty rate was set 100 basis points above the MRO rate (see next section for details).

Still, the marginal lending rate is below the rate charged if a bank would not comply with its

reserve fulfillments. In order to treat all banks across the Euro area equal, and thus to establish

a level playing field, the Eurosystem set the marginal lending rate at a pre-specified level and
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at a uniform rate for all Euro area banks (see ECB, 2011).

4 Data and variables

We have compiled six unique micro data sets supplied by the Deutsche Bundesbank for the time

period from 26. January 2004 to 11. October 2010 for all banks registered in Germany. The

first data set covers the daily minimum reserve requirements and cumulative reserve holdings for

each bank. The second and third data set list each institution’s daily recourse to the marginal

lending facility and the marginal deposit facility respectively. The forth and fifth data set cover

monthly bank balance sheet statistics and profit and loss statistics on a yearly basis. Finally,

the sixth data set lists the bids submitted by banks in the weekly main refinancing operations

which ends in October 2008 due to the ECB’s introduction of fixed-rate tenders.

4.1 Data

From our raw data set, we drop home savings and loan associations and special purpose banks

as well as banks with a zero reserve target, indirect reserve fulfillers, banks exempted from

the reserve fulfillment for some reserve maintenance periods, and for which we cannot match

the MLF recourses because there are no reserve data or where we had no bank balance sheet

data available. The final data set is composed of 1,999 banks and 3,177,293 reserve and balance

sheet observations as well as 4,671 recourse observations. At the beginning of our sample period,

1,942 banks were subjected to fulfill minimum reserves, whereas at the end of the sample, only

1,703 banks remained. Over the sample period a maximum number of 1,999 banks existed.

Of the 1,999 banks, 82% or 1,642 banks operated over the whole sample period (1,751 reserve

observations on average per bank). Finally note that if a bank was taken over by another bank,

the two banks’ time series are integrated at the merger date.1

Since not all banks took part in the weekly main refinancing operations, we can match bids

to only 35% of the banks in our sample (to 660 banks in total).2 The remaining 1,372 banks

did not participate in at least one MRO over the sample period.

4.2 Crisis and non-crisis periods

We define six mutually exclusive time periods for our empirical regressions. These six time

regimes are depicted in Figure 1 which plots the three months Euribor to Eurepo spread, a

key indicator for the persisting vulnerabilities in the European banking sector. The following

equation summarizes the time intervals. The idea behind splitting our sample in time periods

is that in each interval, banks with different business models and liquidity risk taking should

1Note that when we match the profit and loss statistics, a further 253 banks drop out. We run all empirical

models excluding profit and loss measures in the first place and the results stay qualitatively the same when

including profit and loss measures. We prefer to report the results with profit and loss measures. The results

from the other regressions are available upon request.
2Note that when we match the profit and loss statistics, 132 banks drop out.
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have been affected differently and hence we can check with this approach whether structural

bank characteristics are a consistent predictor over rather different time regimes. Note that all

of our structural bank-specific means are calculated using the ’Normal phase (non-crisis)’ time

period Period i = 0:

Periodi =



0 - Normal phase (non-crisis) if Date ≥ 26 Jan 2004 & Date < 09 Aug 2007

1 - Start of the subprime crisis if Date ≥ 09 Aug 2007 & Date < 12 Sep 2008

2 - Lehman collapse if Date ≥ 12 Sep 2008 & Date < 21 Jan 2009

3 - Post Lehman & normalization if Date ≥ 21 Jan 2009 & Date < 6 Nov 2009

4 - Onset of the EU debt crisis if Date ≥ 6 Nov 2009 & Date < 7 Sep 2010

5 - Greece bailout & normalization if Date ≥ 7 Sep 2010

(1)

The subprime crisis which had its roots in the housing market collapse in the U.S. may

have particularly affected large banks with an exposure to the U.S. market and had only a

comparatively lesser effect on the European wholesale market. The collapse of Lehman Brothers

in September 2008 on the other hand brought a systemic crisis also to the European interbank

market and the interval corresponds to the time span where the Eurosystem narrowed the

interest rate corridor to 100 basis points. In the post-Lehman phase, a period of normalization

started, where the Eurosystem widened the distance between the marginal lending rate and the

key monetary policy rate again to 100 basis points and where the unsecured to secured money

market spreads started to tighten again (see Figure 1). However, another turmoil started in

November 2009 with the onset of the European sovereign debt crisis where fears about Greece

sovereign debt mounted. The last two months of our sample correspond the the time period

where Greece was bailed out and another – with hindsight short – period of normalization

started again.

4.3 Variable set up

Since we want to estimate a probit model to analyze the propensity that a bank takes a recourse

to the MLF, we construct our dependant variable as a binary indicator, MLF-Recoursetj , which

is equal to 1 if a recourse of bank j on date t is observed and zero otherwise. Concerning the

explanatory variables, we construct six distinct sets which are described in more detail below.

For the empirical regressions, we only use the means calculated of these variables for a period

of normalcy (non-crisis periods) which gives us the structural factors we are interested in.

First, we extract two variables from the minimum reserve data: For a bank j at time t in

the reserve maintenance period i (RMP), the reserve fulfillment ratio is given by

FulfillmentRatiotji =


t∑
0
MRAtji

t∑
0
MRTtji

− 1 (2)
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where MRA is the current account of the bank at the central bank and MRT the daily reserve

target. A value of zero for the Fulfillment ratio indicates that the bank has exactly fulfilled its

required average daily reserve target at date t. A value below zero indicates that the bank is

short in its reserve fulfillment, whereas a value above zero indicates that it is long in its reserve

fulfillments.3 As a second variable from the minimum reserve data set, we calculate the rolling

one-week standard deviation of the standardized actual account to measure the idiosyncratic

funding liquidity risk of bank j,

Funding liquidity risk =

(
MRAtj
MRTtj

)
(3)

Secondly, we create a variable measuring the amount a bank has deposited at the marginal

deposit facility (MDF). This indicates the degree of excess liquidity reserves the bank is holding.

Liquidity Hoarding =

(
MDFtj
MRTtj

)
(4)

Thirdly, we construct three bank balance sheet ratios, where we define the variable Sizetj

as a measure for the size of the bank, the variable Equity Ratio as the ratio of a bank’s equity

to its balance sheet sum, and Interbank Obligations as the ratio of a bank’s interbank lending

to its balance sheet sum.

Forth, we calculate four indicators from the profit and loss statistics which are all normalized

by the balance sheet sum (total assets): We define NetInterestIncome as the income from a

bank’s maturity transformation, NetProvisionIncome as the income proportion from banking-

related services, and NetTradingIncome as a measure for a bank’s proprietary trading activities.

Together, these three income shares form the operating income of a bank. As a forth measure,

we construct the variable Loss Provisions measuring the allowance for receivables and securities

as well as loan loss provisions to gauge the degree of riskiness of a bank’s credit portfolio.

Additionally, we define the Cost-to-Income Ratio as a measure of bank’s cost efficiency

Cost-to-Income Ratio =

(
General Administrative Expenses

Operating Income

)
(5)

Next, we create an indicator measuring the willingness of a bank to pay for liquidity in the

weekly open market operations. As in Abbassi, Fecht, and Weber (2013), we calculate a bank’s

willingness-to-pay from its submitted demand schedule (m bids) to the Eurosystem’s weekly

main refinancing auctions as the quantity-weighted interest rate

QWRPjt =

(∑m
k=1(bidktj · bid volumektj)

total bid volumetj

)
(6)

3When running regressions where we control for the contemporaneous values of a bank’s reserve fulfillment,

we prefer the economically more meaningful net excess reserves measure as defined in Fecht and Weber (2013).

Let T − t be the remaining number of days in the RMP i, then NEX is given by

NEXtji = MRAt−1,ji −MLFt−1,ji −

(
T∑
0

MRTtji −
t−1∑

0

MRAtji

)
/(T − t + 1),
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and compute the measure DIST tj as the MLF rate minus the willingness-to-pay (QWRP). The

wider DIST is, the more aggressive a bank bid for central bank liquidity and hence the more

constraint a bank is in terms of alternative refinancing opportunities.

In order to take contemporaneous (aggregate) market factors which prevailed on the day of

an MLF recourse into account when estimating a bank’s MLF propensity, we construct several

time series variables: We define the variable Counterparty Credit Risk (CCR) as the difference

between the EONIA rate (unsecured money market rate) to the EurepoT/N rate (secured

money market rate), the Eurepo Volatility as the five day rolling standard deviation of the

overnight repo rate, and the variable MLF-Eurepo as the distance of the MLF rate to the Eurepo

rate. Additionally, we create a measure for the aggregate liquidity position of the banking

system, by defining a Liquidity imbalance indicator similar to Fecht, Nyborg and Rocholl (2011)

which measures the cross-sectional dispersion of the contemporary liquidity status (i.e. reserve

holdings) at time t− 1 across the banking sector. As a forth money market variable, we define

the REX to be the volatility of the key German fixed income index, ”Deutscher Rentenindex”.

Fifth, the ECB liquidity policy indicator measures the changed liquidity allotment policy (e.g.

front loading of liquidity) of the central bank over time,

ECB-LIQt =
Market Operationst−1 −Autonomous Factorst−1 − Reserve Requirementst−1

Reserve Requirementst−1
− 1.

Finally, we create a time dummy for the last day of the reserve maintenance period to account

for the fact that any under-fulfillment should be reversed at the end of the maintenance period.

4.4 Mean variable construction

The key explanatory factors of interest in this paper are the mean variables which are con-

structed from the variables introduced above. These variables are the ones which will be used

for the main empirical regressions. For each bank j, we calculate the following structural and

time-invariant means over the non-crisis period, Period i = 0, to use these as instruments for

our regressions when analyzing borrowing from the LLR in different sub-sample periods.

Mean Fulfillment Ratio0 =

(
t∑
0

Fulfillmenttj/
t∑
0

t

)
∀t ∈ Periodi = 0

Mean Funding Liquidity Risk0 =

(
t∑
0

LIQRisktj/
t∑
0

t

)
∀t ∈ Periodi = 0

Mean Liquidity Hoarding0 =

(
t∑
0

LIQHoardingtj/
t∑
0

t

)
∀t ∈ Periodi = 0

Mean Equity Ratio0 =

(
t∑
0

EquityRatiotj/
t∑
0

t

)
∀t ∈ Periodi = 0

Mean Size0 =

(
t∑
0

Sizetj/
t∑
0

t

)
∀t ∈ Periodi = 0

Mean Interbank Obligations0 =

(
t∑
0

InterbankObligationstj/
t∑
0

t

)
∀t ∈ Periodi = 0
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Mean NetInterestIncome0 =

(
t∑
0

NetInterestIncometj/
t∑
0

t

)
∀t ∈ Periodi = 0

Mean NetProvisionIncome0 =

(
t∑
0

NetProvisionIncometj/
t∑
0

t

)
∀t ∈ Periodi = 0

Mean NetTradingIncome0 =

(
t∑
0

NetTradingIncometj/
t∑
0

t

)
∀t ∈ Periodi = 0

Mean Loss Provisions0 =

(
t∑
0

LossProvisionstj/
t∑
0

t

)
∀t ∈ Periodi = 0

Mean Cost-to-Income Ratio0 =

(
t∑
0

Cost− to− IncomeRatiotj/
t∑
0

t

)
∀t ∈ Periodi = 0

Mean DIST0 =

(
t∑
0

DISTtj/
t∑
0

t

)
∀t ∈ Periodi = 0

4.5 Descriptive statistics

Table 1 shows whether banks that had accessed the MLF are different in terms of their structural

mean characteristics from banks that never had an access to the MLF in a respective time period.

In this table, we calculate our bank-specific mean variables for the period of normalcy only (i.e.

January 2004 to August 2007), separated by (i) banks that had a recourse and those that never

had a recourse (column 2), and (ii) separated further by the six distinct, non-overlapping, time

periods (column 3 to 7) outlined in the variables construction section. The top of Table 1 also

provides some background information about the number of MLF recourses and the number of

banks which had a recourse to the MLF by time period. Note that an access to the MLF is a

very rare event for an individual bank: the median number of MLF recourses per bank is 2 and

the mode is 1 across the whole sample period.

Starting with the Mean fulfillment ratio, we see a clear tendency that banks which accessed

the MLF had a significantly4 lower reserve fulfillment in the normal time (January 2004 to

August 2007) than banks which did not revert to the MLF: Looking across the different time

periods we see that banks which haven’t had a recourse in a respective time period had a mean

fulfillment ratio in the ’normal (non-crisis)’ time period that was on average greater than 0.7

across all six time regimes, whereas banks with an MLF recourse had on average a ratio below

0.2 (which even declined over the time periods to around zero). Thus, a lower average reserve

fulfillment ratio in the normal time period seems to be an indication that a bank is more likely

to turn to the LLR facility in any of the crisis and non-crisis intervals.

Regarding the Mean idiosyncratic funding liquidity risk, we again find a highly significant

relationship across both, crisis and non-crisis periods, and between banks that reverted to the

MLF in a certain time period and those banks that did not: a bank that took recourse to

the MLF had a much higher structural level of funding liquidity risk across all time periods.

Although, the averages between recourse and non-recourse banks converge a bit towards the end

of our sample period, the averages are still significantly different from each other. Thus, a bank

4Using a standard t-test with unequal variances, we find that the means are significantly different between

banks with a MLF recourse and banks with no recourse.
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with a structurally more ”volatile” liquidity management in the normal time period should be

more likely to revert to the MLF.

Looking at the Mean liquidity hoarding measure, defined as the nominal amount a bank

deposited at the Eurosystem’s marginal deposit facility divided by its reserve target, we find

that banks with structurally higher excess liquidity holdings before August 2007 seem to be

more likely to demand LLR liquidity during the subprime and also shortly after the Lehman

crisis. However, with the onset of the European sovereign debt crisis, this behavior changed

drastically, where banks with an MLF recourse had a lower Mean liquidity hoarding (1%) in the

normal time period when compared to banks with no MLF recourses (5%).

With regards to the Mean size of a bank, we find that larger banks are significantly more

likely to demand LLR liquidity. Both, pre-crisis and in-crisis size values peak around the Lehman

crisis and decline thereafter but still, a bank without a recourse is on average significantly smaller

in size than a bank that took a recourse.

The Mean equity ratio is the only variable, where – at least from the start of the Lehman

collapse to the end of our sample – banks with an MLF recourse and banks with no recourse

are not significantly different from each other.

Concerning the level of Mean interbank obligations – i.e. the lending exposure of a bank to

the interbank market, relative to its balance sheet size – we find that banks which had in the

normal time a higher degree of lending to the interbank market are more likely to revert to the

MLF across all time periods. Whereas banks with a recourse had on average values above 23%,

banks with no recourse had across all time periods a value of 17%.

For the Mean DIST variable, i.e. the difference between the MLF rate and a bank’s

willingness-to-pay in the weekly main refinancing auctions of the Eurosystem, we only find

a marginally lower value for banks which took a recourse (and hence bid more aggressively in

the MRO). Hence, recourse and no recourse banks seem to be not different from each other.

Turning to the profit and loss measures, it is evident that banks which didn’t revert to the

MLF had a significantly higher average Mean net interest income in the respective time period

and that banks with MLF recourses generated a significantly higher proportion of their income

from (i) Mean provisions and (ii) Mean trading activities until the onset of the Lehman crisis.

After the onset of the Lehman crisis, the net income proportion from provision and trading

activities which banks generated in the normal time period fell to about the same level as for

the no recourse banks. In terms of the Mean Cost-Income-Ratio, we find that banks with a

recourse had on average a lower CIR but also here, towards the end of our sample, the level of

the CIR between the two groups seems to converge. In terms of the Mean Loss Provisions, at

least for the period before August 2007, recourse and no recourse banks are about the same.
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5 Methodology

5.1 Econometric strategy

To model the probability of a bank seeking LLR assistance, we apply a simple cross-sectional

probit model, containing only the time-invariant exogenous variables.5 When including contem-

poraneous factors in the regressions, a panel probit model with the underlying latent variable

model y∗it that represents bank j’s propensity (or ’utility’) to draw on the MLF is estimated as

follows

y∗jt = αj + x′jtβ + ejt, yjt = 1[y∗jt > 0]

where yit is equal to one if the respective bank has used the MLF (y∗jt > 0) on date t and αj

is specified as a random effect. For our second empirical goal, the analysis of factors determining

the banks’ size of the MLF recourse, we need to account for the fact that we do not observe

the recourse amounts of some banks since they had no recourse to the MLF. This problem calls

for the Heckman correction (see Heckman, 1978 and 1979), where we first estimate a probit

selection equation for the probability of a bank actually having a recourse. In the second stage,

the outcome equation for the Euro size of the MLF recourse is estimated by including the inverse

Mills ratio calculated from the first stage probit model as an additional explanatory variable

E(MLFAmountjt |yjt = 1, xjt) = αj + x′jtβ + βλλjt + εjt

where MLFAmountjt is the dependent variable measuring the Euro amount of the MLF re-

course and βλ is the inverse Mill’s ratio. Note that ujt and εjt are assumed to follow a bivariate

normal distribution.

5.2 Model specifications

We use two samples when estimating a model: Sample (a) includes all 1,746 banks (i.e. all

banks in the sample), whereas Sample (b) only accounts for those banks which took at least

once part in a weekly main refinancing operation (538 banks in total). The reason why we

run each model in two specifications is that the bidding behavior of banks in the weekly main

refinancing operations already reflects the information content inherent in some of our liquidity

measures which we hence decided to exclude in the regressions for banks with MRO bids.

Secondly, for both samples, we run six sub-regressions respectively for each model to test

the explanatory power of our structural mean variables for the (i) whole sample period (August

2007 to October 2010), the (ii) subprime crisis only (August 2007 to September 2008), the (iii)

Lehman crisis only (September 2008 to January 2009), the (iv) post-Lehman crisis only (January

5The dependent variable will equal 1 if bank j had at least one recourse in a respective time period. Thus, for

the simple cross-sectional probit model, we regress each time invariant mean observation against this dependent

binary observation. This constraint is relaxed when we include contemporaneous explanatory variables in our

regressions, where we will then also use the contemporaneous MLF observation at time t.
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2009 to November 2009), the (v) sovereign debt crisis only (November 2009 to September 2010),

and the (vi) post-sovereign debt crisis only (September/October 2010). The idea behind this

approach is to test the explanatory power of our structural means, calculated over the period

of normalcy (January 2004 to August 2007), across different crisis and non-crisis times: The

subprime crisis which had its roots in the housing market collapse in the U.S. may have partic-

ularly affected large banks with an exposure to the U.S. market and had only a comparatively

lesser effect on the European wholesale market. The collapse of Lehman Brothers in September

2008 on the other hand brought a systemic crisis also to the European interbank market and

the Eurosystem cut the distance between the marginal lending rate and the main refinancing

rate to 50 basis points. In the post-Lehman phase, a period of normalization started, where

the Eurosystem widened the distance between the marginal lending rate and the key monetary

policy rate again to 100 basis points and where the unsecured to secured money market spreads

started to tighten again (see Figure 1). However, another turmoil started in November 2009

with the onset of the European sovereign debt crisis. Here, particularly banks with a lending

exposure to European crisis states should have been affected. Overall, in these time periods

different banks should have been affected differently, depending on their respective business

model, and hence we can check with this approach whether structural bank characteristics are

a consistent predictor over rather different time regimes.

In Model 1(a), we account for the full set of the 1,746 banks in our sample. We introduce

the Mean Liquidity Risk (0), Mean Fulfillment Ratio (0), and the Mean Liquidity Hoarding (0)

as our structural variables measuring a bank’s liquidity risk management. Note that 0 means

that these variables have been calculated for the the normal phase from January 2004 - August

2007. The second set of variables, bank balance sheet measures, introduces the Mean Size (0) of

the bank, the Mean Equity Ratio (0), and the lending exposure of a bank to the money market,

relative to its balance sheet size, Mean Interbank Obligations (0). The third and final set of

variables provides controls for a bank’s business model: the Mean Net Interest Income (0) as

the income share from a bank’s maturity transformation, Mean Net Provision Income (0) as

the income proportion from banking-related services, the Mean Net Trading Income (0) as a

measure for a bank’s proprietary trading activities, the Mean Loss Provisions (0) measuring

the allowance for receivables and securities as well as loan loss provisions to gauge the degree

of riskiness of a bank’s credit portfolio and the Mean Cost-to-Income Ratio (0) as a measure of

bank’s cost efficiency.

Model 1(b) accounts only for those banks that participated at least once in a main refinancing

operation (538 banks in total). We use the same set of variables as in Model 1(a) with the

exception that we include the variable Mean DIST (0) as the measure for a bank’s willingness-

to-pay in the main refinancing operations. Since the bidding behavior might reveal information

about the degree of reserve fulfillment and thus also about the excess reserve holdings, we

exclude the measures Mean Fulfillment Ratio (0) and Mean Liquidity Hoarding (0) in Model
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1(b).6

Note that both Model 1(a) and Model 1(b) are estimated by a pooled version of a probit

model (see section 4.4) in order to estimate the effect of the structural predictors for banks’

propensities to revert to the MLF. Hence, we only take the cross sectional variation into ac-

count.7 We relax this restriction in Model 3(a) and 3(b) when we include both structural as well

as contemporaneous factors and apply a random effects panel probit model where we estimate

the contemporaneous probability of a bank taking a recourse. As an additional control, we

include a dummy variable specifying the banking group in all regressions.

In Model 2(a) and 2(b), we analyze whether structural characteristics not only affect the

probability with which banks turn to the LLR facility but also whether the structural factors

have an impact on the observed nominal MLF amount for all banks in the sample (Model

2(a)) and bidding banks only (Model 2(b)). For this purpose, we apply the two-step Heckman

correction model. For the selection equation, we additionally use a banking group dummy

variable (which we exclude for the outcome equation which estimates the nominal MLF amount

drawn) and a contemporaneous variable equaling 1 for the last day of the reserve maintenance

period (see section 4.3).

One could get the notion that the significance of our structural mean variables may be biased

since they just serve as predictors for the contemporary (mean) values of those variables. We

thus apply a panel probit specification in Model 3(a) (all banks) and Model 3(b) (bidding banks

only) with a random effects specification to analyze whether our structural, time invariant, mean

variables remain significant if we include their contemporaneous (i.e. day-by-day) values as an

additional explanatory factor in the regressions. Note that we use the Net excess reserve ratio

as the contemporaneous counterpart for the fulfillment ratio since this ratio is economically

more meaningful of the real reserve fulfillment on a contemporary level than the fulfillment

ratio.8 Moreover, since the structural Mean Size (0) and Mean Liquidity Hoarding (0) are highly

correlated to their contemporary counterparts and thus increase the risk of multi-collinearity, we

decided not to include their contemporary values.9 In addition, we include time fixed effects for

each reserve maintenance period and control variables for the degree of money market frictions

(Counterparty credit risk, Eurepo volatility, Liquidity imbalances) as well as the volatility of

fixed income markets (REX ), and a variable that measures the amount of liquidity the ECB

allocated to the banking sector, relative to the amount of required minimum reserves. All these

measures might have affected the recourse propensity of banks in the regressions. Note that all

contemporary variables enter our regressions with a one day lag.

6As a robustness check, we also exclude the Mean Liquidity Risk (0) variable. Our results stay robust.
7We do not consider how often a bank took an MLF recourse in a respective time period. However, an access

to the MLF is a very rare event for an individual bank: the median number of MLF recourses per bank is 2 and

the mode is 1 across the whole sample period.
8Note that if we include the Fulfillment ratio instead of the Net excess reserve ratio on a contemporary basis,

the result for the Mean fulfillment (0) ratio would remain consistently significant.
9Our results would not change if we were to include only the contemporary values of these variables and

exclude the structural means.
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Finally, one might argue that the post-Lehman and post-Sovereign sub-sample regressions

should also rather be characterized as crisis times and don’t constitute actual non-crisis times.

Hence, we split in Model 4(a) (all banks) and Model 4(b) (bidding banks only) the normal time

period in two sub-samples and calculate our structural mean variables for the time period from

January 2004 to December 2005 and subsequently use them as structural predictor variables

for banks’ recourse to the MLF in the non-crisis time period January 2006 to July 2007 (and

additionally, we also test this new specification for our structural mean variables in all other sub-

sample time periods). Since we have not sufficient data points to construct meaningful structural

means for the profit and loss measures, we exclude these variables in Model 4 completely.

6 Empirical Results

The results of our estimations are presented in Table 2 (Model 1(a)/(b)), Table 5 (Model

2(a)/(b)), Table 6 (Model 3(a)/(b)), and Table 7 (Model 4(a)/(b)). Each table is structured as

follows: The first six columns present the estimation results when all 1,746 banks in the sample

are accounted for (Models X(a)), whereas the last six columns present the estimation results

for banks that bid at least once in a main refinancing auction (Models X(b)). Note that each of

the six columns represents one distinct, non-overlapping, time period ordered as follows: the All

periods column provides the estimation results for the sample period August 2007 to October

2010, the Subprime column the results for the period August 2007 to September 2008, the

Lehman column the results for the period September 2008 to January 2009, the Post-Lehman

column the results for the period January 2009 to November 2009, the Sovereign column the

results for the period November 2009 to September 2010, and the Post-Sovereign column the

results for the period September to October 2010.

Turning to the regression results of our pooled probit estimation in Table 2, we find that all

key variables have the expected sign and that the Pseudo-R2 is satisfactory for a probit model

specification across all models, irrespective whether the all banks or only the bidding banks

samples are used.

Starting with Model 1(a) and the the liquidity characteristics of banks, we find across all six

time periods that banks which had a more volatile liquidity management (Mean Liquidity Risk

(0)) and banks that had on average a lower average reserve fulfillment (Mean Fulfillment Ratio

(0)) in the pre-August 2007 time, have a significantly higher propensity of drawing liquidity from

the LLR facility. The Mean Liquidity Hoarding (0), however, contains seemingly no structural

information about the probability of banks to access the LLR facility. We thus conclude that

banks that were subjected to larger idiosyncratic liquidity shocks and banks that fulfilled their

reserves less prudently (by fulfilling their reserves rather towards the end of the maintenance

period) in the pre-crisis time had a significantly higher option value in the subsequent time

periods to revert to the LLR facility than banks with a more prudent liquidity management.

This also implies that banks with high structural liquidity risks seem to benefit more from an

homogenous marginal lending rate.
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Looking at the balance sheet variables, we find that larger banks are more likely to borrow

from the MLF. This result is very robust across all six time periods and holds despite controlling

for the banking groups in all regressions, thus already accounting for the fact that many of the

smaller banks are part of liquidity networks (savings banks and credit cooperatives) which should

reduce their ex-ante structural likelihood to revert to the MLF (see Freixas, Parigi and Rochet,

2004). Hence, although larger banks are often supposed to be better protected against liquidity

shocks due to their diversified business model, we find that they seemingly are structurally more

susceptible to sudden liquidity shocks.10 Interestingly, neither the Equity ratio nor the Interbank

obligations provide any consistent structural gauge on banks’ MLF recourse propensity.

Turning to the profit and loss measures which provide a granular control for the business

model of banks, we find that banks which generated a larger share of their income from the

traditional maturity transformation business were significantly less likely to turn to the LLR

facility across the various time regimes. Although there is a weaker relationship for trading

activities, we can nonetheless say that banks which generated a larger share of their income

from trading activities were overall more likely to turn to the LLR. This is not surprising,

given that banks with more capital markets exposure were hit most by the turmoil in the

asset markets. The Cost-to-Income (CIR) ratio on the other hand, predicts a strongly negative

impact for MLF borrowing across all time periods (except for the last two months of our sample

period): Banks which have a higher CIR, are less likely to turn to the MLF. Institutions with a

high CIR are often those that have a significant amount of branches which usually goes hand-

in-hand with a more conservative business model and this may also hint to a more conservative

liquidity risk management culture. Neither Loss provisions nor Net provision income provide

informational value about banks’ structural prosperity to revert to the LLR.

In Model 1(b) we included only those banks that bid at least once in an MRO and introduce

the variable DIST and exclude the variables Mean Fulfillment Ratio (0) and the Mean Liquidity

Hoarding (0). Looking at the banks’ willingness-to-pay measure, DIST, we find for the subprime

crisis phase that banks which bid more aggressively in the MRO auctions – hence having a higher

willingness-to-pay – also have a higher likelihood of reverting to the LLR facility. However, for

the time periods after the subprime crisis, the DIST measure seemingly carriers no informational

content for banks’ structural prosperity to revert to the LLR facility.11 Thus, the information

content inherent in the DIST variable seemingly has only a short life-time and may serve only

as a short-term structural measure for banks’ likelihood to demand LLR liquidity. The finding

that Size (0) is less important in the bidding banks only regressions has to do with the fact that

rather the larger banks tend to take part in the weekly main refinancing operations (see Fecht,

Nyborg and Rocholl (2011); Craig and Fecht (2007)). Except for the Cost-Income-Ratio, all

other variables have broadly the same level of significance as in Model 1(a).

10Note that these results hold, if we introduce the restriction that the MLF amount drawn must exceed at

least 10% of the bank’s reserve target for a respective reserve maintenance period, and hence when we would

disregard those MLF recourses in our regressions.
11This result holds, even when we exclude the Mean Liquidity Risk (0).
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[Table 2 about here]

To ease the interpretation of the regression coefficients and to give an intuition of their

economic significance, we calculate average marginal effects (AME) for all coefficients of Model

1(a) and Model 1(b).12 Table 3 shows the AMEs for each explanatory variable for the All

periods outcome of Model 1(a).13 For example, a one-unit increase in the Mean Fulfillment

Ratio (increase of a bank’s reserve fulfillments by 100% or 1 unit) decreases the probability of

an MLF recourse of a randomly-picked bank on average by 26.4% percentage points. However,

particularly the curves for the profit and loss measures are changing quickly which makes a

tangential approach to the results interpretation less appropriate, and hence, a more intuitive

way of interpreting the results is in terms of predicted probabilities.

[Table 3 and 4 about here]

Figure 2 presents the plots of six key variables for the All Periods outcome of Model 1(a),

where we calculate predicted probabilities at representative values of these variables. The dotted

lines depict a 95% confidence interval. As it can be seen, particularly a highly volatile liquidity

management predicts a probability of 1 that banks will c.p. access the LLR facility. On the other

hand, banks which have fulfilled their reserves already at the start of the reserve maintenance

period or even over-fulfilled their reserves on average (Mean Fulfillment Ratio > 1), have c.p. a

very low predicted likelihood to demand liquidity from the LLR facility.

[Figure 2 about here]

For the central bank it is interesting to not only know what structural factors lead to a

higher propensity for banks to demand liquidity but also what factors influence the amount

they will demand from the Eurosystem’s LLR facility since this is ultimately the central bank’s

credit exposure. For this propose, we estimate in Model 2(a) and 2(b) a Heckman selection

model for the nominal MLF amount drawn and present the results in Table 5. Looking at the

outcome equation of Model 2(a) which depicts the results for the demand for the nominal MLF

amounts for all banks in the sample, we see a strong tendency that banks with a structurally

higher liquidity risk or lower reserve fulfillment are not only more likely to revert to the MLF (see

results of Model 1(a)/1(b)), but also demand higher amounts of liquidity. A weaker relationship

exists for the Size of banks, where we nonetheless see a tendency that larger-sized banks also

draw a larger Euro amount from the LLR facility and that banks with a higher Equity ratio and

more Interbank lending demand a lower absolute MLF amount. The latter three findings are

12We thereby first calculate the marginal effect for the probability of a bank taking recourse to the MLF with

respect to an explanatory factor for each bank-case individually and then average these effects over all banks in

our sample.
13Table 4 depicts descriptive statistics (mean, standard deviation, and inter-quantile range) for our key mean

variables over the six distinct time regimes to ease the interpretation of the average marginal effects and predicted

probability plots.
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however not consistently significant across the six time period specifications. Apart from these

factors, we do not find consistently important factors for explaining the drawn MLF amount.

Turning to the results for bidding banks only regressions in Model 2(b), we do not find strong

evidence that the willingness-to-pay measure serves as a good predictor for the drawn MLF

amount. Apart from that, the significance of our coefficients in Model 2(b) are very similar to

the results of Model 2(a).

[Table 5 about here]

So far we only accounted for the cross-sectional variation of our data. In Model 3(a) and 3(b)

we relax this and account for the whole panel structure of our data set and estimate a random

effects panel probit model to analyze whether the structural means remain significant when

we add their contemporary values, hence checking whether the structural means really convey

additional informational value above what is reflected in their contemporary values. Turning to

the results of Model 3(a) in Table 6 which contains the estimations for the contemporary MLF

access likelihood of a bank and includes maintenance period time fixed effects14 as well as various

other control variables that might affect a bank’s recourse probability, we find that the signs

and statistical significance of our results stay about the same, with the exception of the control

variable Mean Net Trading Income (0) which has turned insignificant. Noteworthy is that the

Mean reserve fulfillment and the Mean funding liquidity risk remain highly significant, despite

including the Net Excess Reserves Ratio and the Funding liquidity risk on a contemporary basis.

This implies that the structural liquidity management factors are very robust predictors also

for a bank’s contemporary likelihood to turn to the LLR facility and hence, contain significant

informational value above what is reflected in their contemporary counterparts.15 Note that

the various contemporary control variables have the expected sign but we refrain from the

interpretation of their results in this paper (see Fecht and Weber (2013) for a more details).

[Table 6 about here]

Up to now, our results show that in particular the structural liquidity measures contain a

significant informational value for a bank’s (structural) LLR access during various time periods

after August 2007. For policymakers – and as a further robustness check that our liquidity

measures can be used as structural (pricing) indicators across crisis and non-crisis times – it

would be interesting to see if the indicators perform well also in a very tranquil time period.

We thus re-estimate Model 1(a) and 1(b) with a different specification for the structural means:

this time, the means are calculated only over the time period January 2004 to December 2005.

Subsequently, these means are used as instruments for banks’ recourse to the LLR facility in

14Reserve maintenance period time fixed effects are approximately equal to four-week time fixed effects.
15One might argue that only larger, more economically significant, recourses really indicate significant funding

stress for a bank. We therefore re-run Model 3(a) and 3(b) with the restriction that only those MLF recourses

which are larger than 10% of a bank’s daily reserve requirement are included in the regression. We do no find

any major change of our results.
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the non-crisis time period January 2006 to July 2007 (and as a robustness check also for the six

sample time periods used for model 1 to 3). Turning to the results of Model 4(a) in the first

column of Table 7 (2006/2007 ), it can be seen that the Mean Fulfillment Ratio (2004/2005)

and the Mean Liquidity Risk (2004/2005) are highly significant structural predictors also for

the tranquil time period 2006/2007, whereas most other explanatory factors only remain weakly

significant (for example the Size of a bank). The DIST (2004/2005) measure in Model 4(b) on

the other hand turns out to be insignificant also for the subprime crisis.

[Figure 7 about here]

Overall, we conclude that particularly the two key liquidity management variables, (Mean

Fulfillment Ratio and Mean Liquidity Risk), seem to serve as good and consistent structural

predictors for banks’ likelihood to turn to the LLR as well as the nominal amount banks will

demand from the LLR across various time regimes.

7 Conclusions

This paper sheds light on the question whether banks have significantly varying option values

for the demand for overnight liquidity from the Eurosystem’s LLR facility. For answering this

important policy question, we constructed structural, bank-specific, characteristics extracted

from a period of relative normalcy and used these means as instruments for explaining the

likelihood and the drawn nominal MLF amount that banks will demand from the LLR facility

under different crisis and non-crisis regimes.

We can show that banks with an ex-ante lower structural liquidity risk and banks that fulfill

their reserves more prudently in a period of normalcy are significantly less likely to revert to

the LLR facility in crisis and non-crisis times and that these banks will also demand a lower

nominal MLF amount. Even when we calculate the structural liquidity management measures

over a highly tranquil period and subsequently use them as instruments in another tranquil

period, they still contain significant informational value about banks’ recourse propensities.

Hence, we conclude that banks with a more risky liquidity management profile seem to have

a (structurally) higher option value to draw liquidity from the LLR facility. Our results are

very robust, even when adding contemporary control variables, controlling for business model

specifics of a bank, and including time-fixed effects. In sum, this also implies that the liquidity

management indicators seem to provide a useful basis for charging a bank-specific, risk-adjusted,

marginal lending rate.

Since we can show that a bank’s structural liquidity management activity and business model

specifics before the onset of the financial crisis in August 2007 are important determinants for

its subsequent access to the Eurosystem’s LLR facility during all three crisis times, we can thus

confirm the reasoning of Fahlenbrach, Prilmeier, and Stulz (2012) for the U.S., namely that the

risk management culture and the business model specifics of a bank seem to be rather time

invariant factors. Moreover, our finding the bidding behavior of a bank seems to contain useful
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information only for a very short-term prediction horizon implies that it is a less appropriate

structural pricing indicator. Hence, although Abbassi, Fecht and Weber (2013) could demon-

strate that the DIST measure can be used to predict a bank’s MLF recourse between two main

refinancing operations, we find that this variable is not well suited as an effective structural

indicator for measuring a bank’s LLR access likelihood and therefore is also a less appropriate

indicator for charging a bank specific risk-adjusted marginal lending rate.

Finally, various theoretical contributions have highlighted that interbank markets don’t work

frictionless and that the liquidity provision of a LLR may be desirable (see for example Achariya,

Gromb, and Yorulmazer (2012); Freixas and Jorge (2008); Freixas, Parigi, and Rochet (2000)).

Since Fecht and Weber (2013) empirically show that the Euro area interbank market is affected

by various market imperfections, we also argue that there is a role for a LLR facility in the Euro

area. However, as pointed out in the literature review section, there are costs related to moral

hazard problems which might require a penalty rate charged for LLR borrowing (see Freixas,

Parigi, and Rochet, 2004). However, the optimal penalty rate is likely to vary across banks if

the incentive of banks to take liquidity risks varies. Since we show in this paper that the option

value of banks to draw from the Eurosystem’s LLR facility indeed varies significantly across

banks, particularly depending on the prudence of their liquidity management, we thus conclude

that the homogenous penalty rate the Eurosystem currently charges on its LLR facility provides

an implicit subsidy to banks with stronger (liquidity) risk taking incentives since these banks

seem to have a higher value to draw on the LLR facility. Obviously this distorts competition

and undermines market efficiency.

8 Policy Implications

Since banks value the LLR facility differently across crisis and non-crisis periods, depending on

their specific liquidity management and business model characteristics, a homogenous marginal

lending rate seems to undermine market efficiency since the presence of a LLR option feeds back

to market conditions. In order to avoid this, a penalty rate pegged to the individual (liquidity)

risk profile of a bank might be appropriate.

Charging a penalty rate that is adjusted to a bank’s structural recourse propensity might also

be advisable for a central bank from a risk management perspective. For banks with a higher

structural liquidity risk, the central bank is more likely to get a credit exposure (due to the

higher propensity to revert to the LLR facility) and if so, will have a larger credit exposure (due

to the larger nominal amounts demanded from the LLR facility). Thus, an adjusted penalty

rate might reduce the MLF demand by these banks and compensate the central bank for the

greater credit risk assumed when providing the option to obtain liquidity through its marginal

lending facility.

As argued by various economists, in the presence of imperfect interbank markets, a marginal

lending facility can increase the economic welfare. However, given our findings and to contain

moral hazard problems, policymakers in the Eurosystem might think about charging banks a
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risk-adjusted mark-up on the homogenous penalty rate to re-establish the level playing field

across banks in the Euro area. The pricing should reflect the structural factors of the respective

financial institution, particularly structural factors related to the fulfillment behavior of mini-

mum reserves and banks’ idiosyncratic funding liquidity risk. The U.S. Fed for example provides

a Secondary Credit facility to institutions with a less sound financial profile at a mark-up on the

penalty rate set on the discount window (primary credit facility similar to the MLF). Moreover,

we can conclude that just by looking at the degree of reserve fulfillment and the volatility of

the reserve management of banks, banking supervisors may identify banks which are likely to

be rationed in the interbank market in times of crisis (and non-crisis) periods. Hence, our finds

might also be interesting for microprudential supervision.
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Table 1: Summary statistics for the main explanatory variables
This table presents the statistical means of our key explanatory variables for (i) banks which had no-recourse to the MLF and (ii) banks that had at least one recourse
to the MLF over the respective time period. The variables are calculated as simple averages for each bank over the time period January 2004 to August 2007 only.
For example, looking at the Mean Fulfillment Ratio (0) for the August 2007 to September 2008 time period, we find that banks with an MLF recourse had on average
a reserve fulfillment of only 19% in the period of normalcy, whereas a non-recourse counterpart had a much higher average reserve fulfillment (83%) in the period of
normalcy. We use the whole sample of banks except for the DIST measure which only takes into account banks which participated in at least one main refinancing
operation. Note: * indicates that the respective profit and loss measures is calculated relative to the average total assets observed from the balance sheet statistic
between January 2004 to August 2007.

Normal (0) Subprime (1) Lehman (2) Post-Lehman (3) Sovereign (4) Post-Sovereign(5)

Sample Descriptive Statistics

Time Period Jan04-Aug07 Aug07-Sep08 Sep08-Jan09 Jan09-Nov09 Nov09-Sep10 Sep10-Oct10

Total observations 1,730,244 511,126 162,804 359,538 371,093 42,548

Total number of MLF recourses 2,673 624 422 531 364 57

No. of banks — 1,814 1,762 1,763 1,728 1,708

No. of banks with MLF recourse — 169 136 176 130 41

Normal Time

Mean Fulfillment Ratio (0) no-recourse 0.56 0.83 0.77 0.74 0.76 0.77

recourse to MLF 0.19 0.19 0.14 0.15 0.07 -0.01

Mean Liquidity Risk (0) no-recourse 0.52 0.70 0.65 0.62 0.64 0.64

recourse to MLF 1.06 0.99 0.74 0.78 0.68 0.49

Mean Liquidity Hoarding (0) no-recourse 0.02 0.04 0.03 0.05 0.05 0.05

recourse to MLF 0.79 0.75 0.06 0.45 0.01 0.01

Mean Size in Mio (0) no-recourse 3.2 3.3 3.2 3.1 3.1 3.1

recourse to MLF 16.0 16.5 25.1 23.1 22.3 22.0

Mean Equity Ratio (0) no-recourse 0.06 0.06 0.06 0.06 0.06 0.06

recourse to MLF 0.11 0.09 0.06 0.06 0.06 0.06

Mean Interbank Obligations (0) no-recourse 0.17 0.17 0.17 0.17 0.17 0.17

recourse to MLF 0.33 0.34 0.27 0.27 0.23 0.25

Mean DIST (0) no-recourse 0.94 0.94 0.94 0.94 0.94 0.94

recourse to MLF 0.94 0.94 0.94 0.94 0.94 0.93

Mean Net Interest Income (0)* no-recourse 2.54% 2.53% 2.54% 2.54% 2.54% 2.54%

recourse to MLF 1.70% 1.65% 1.54% 1.63% 1.80% 1.62%

Mean Net Provision Income (0)* no-recourse 0.76% 0.77% 0.77% 0.77% 0.76% 0.76%

recourse to MLF 1.85% 1.04% 0.80% 0.76% 0.85% 0.76%

Mean Net Trading Income (0)* no-recourse 0.02% 0.02% 0.02% 0.02% 0.02% 0.02%

recourse to MLF 0.05% 0.05% 0.01% 0.02% 0.03% 0.03%

Mean Cost-Income-Ratio (0) no-recourse 74% 74% 74% 74% 74% 74%

recourse to MLF 69% 56% 41% 52% 52% 71%

Mean Loss Provisions (0)* no-recourse 0.56% 0.55% 0.55% 0.55% 0.55% 0.55%

recourse to MLF 0.54% 0.45% 0.38% 0.42% 0.44% 0.66%
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Table 4: Descriptive Statistics of key mean variables
This table presents the descriptive statistics of our key explanatory mean variables. Mean indicates that the respective variable is calculated as the simple average
over the respective time period, i.e. (0) refers to the time period between January 2004 to August 2007 and 2004/2005 to the time period between January 2004 to
December 2005. The latter is provided since we use these structural means in Model 4(a) and Model 4(b). Note: except for the Cost-income-Ratio, all profit and
loss measures are calculated relative to the average total assets observed from the balance sheet statistic; SD refers to the standard deviation and IQR is the the
interquantile range formed by Q75 - Q25.

January 2006 - August 2007 Subprime Lehman

Mean SD IQR Mean SD IQR Mean SD IQR

Liquidity Mean Variables

Mean Liquidity Risk (0) 0.56 9.17 0.15 0.70 11.12 0.15 0.65 10.79 0.15

Mean Fulfillment Ratio (0) 0.55 14.12 0.05 0.83 19.51 0.05 0.77 19.15 0.05

Mean MDF (0) 0.03 0.83 0.00 0.04 1.02 0.00 0.03 0.84 0.00

Mean DIST (0) 0.94 0.03 0.02 0.94 0.03 0.02 0.94 0.03 0.02

Mean Liquidity Risk (2004/2005) 0.95 19.90 0.15 1.07 21.10 0.15 0.93 18.78 0.15

Mean Fulfillment Ratio (2004/2005) 0.95 25.39 0.05 1.10 26.54 0.05 0.90 22.33 0.05

Mean MDF (2004/2005) 0.04 0.97 0.00 0.04 0.99 0.00 0.04 0.99 0.00

Mean DIST (2004/2005) 0.87 0.11 0.05 0.86 0.11 0.06 0.86 0.12 0.19

Balance sheet Mean Variables

Mean Size in ’000 (0) 3284990 1.96E+07 982175.1 3320339 1.98E+07 992491.2 3226191 1.98E+07 991372

Mean Equity Ratio (0) 0.06 0.04 0.02 0.06 0.04 0.02 0.06 0.05 0.02

Mean Interbank Obligations (0) 0.17 0.14 0.11 0.17 0.15 0.11 0.17 0.14 0.11

Mean Size in ’000 (2004/2005) 3170160 1.90E+07 957408.7 3211587 1.92E+07 974850.7 3121449 1.93E+07 976155

Mean Equity Ratio (2004/2005) 0.06 0.04 0.02 0.06 0.04 0.02 0.06 0.05 0.02

Mean Interbank Obligations (2004/2005) 0.18 0.15 0.11 0.18 0.15 0.11 0.18 0.15 0.11

Profit/Loss Mean Variables

Mean Net Interest Income (0) 0.03 0.01 0.00 0.03 0.01 0.00 0.03 0.01 0.00

Mean Net Provision Income (0) 0.01 0.01 0.00 0.01 0.01 0.00 0.01 0.01 0.00

Mean Net Trading Income (0) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Mean Cost-Income-Ratio (0) 0.74 0.33 0.12 0.74 0.33 0.12 0.74 0.33 0.12

Mean Loss Provisions (0) 0.01 0.01 0.00 0.01 0.01 0.00 0.01 0.01 0.00

Post-Lehman Sovereign Post-Sovereign

Mean SD IQR Mean SD IQR Mean SD IQR

Liquidity Mean Variables

Mean Liquidity Risk (0) 0.62 10.23 0.15 0.64 10.35 0.15 0.64 10.39 0.15

Mean Fulfillment Ratio (0) 0.73 18.56 0.05 0.76 18.79 0.05 0.77 18.87 0.05

Mean MDF (0) 0.05 1.36 0.00 0.05 1.37 0.00 0.05 1.37 0.00

Mean DIST (0) 0.94 0.03 0.02 0.94 0.03 0.02 0.94 0.03 0.02

Mean Liquidity Risk (2004/2005) 0.74 14.19 0.15 0.75 14.34 0.15 0.75 14.40 0.15

Mean Fulfillment Ratio (2004/2005) 0.63 13.18 0.05 0.65 13.39 0.05 0.65 13.44 0.05

Mean MDF (2004/2005) 0.04 1.02 0.00 0.05 1.03 0.00 0.05 1.04 0.00

Mean DIST (2004/2005) 0.86 0.12 0.19 0.86 0.12 0.20 0.86 0.12 0.20

Balance Sheet Mean Variables

Mean Size in ’000 (0) 3141818 1.88E+07 998967.7 3.07E+06 18200000 1033040 3085068 18300000 1.04E+06

Mean Equity Ratio (0) 0.06 0.05 0.02 0.06 0.05 0.02 0.06 0.05 0.02

Mean Interbank Obligations (0) 0.17 0.14 0.11 0.17 0.14 0.11 0.17 0.14 0.11

Mean Size in ’000 (2004/2005) 3032506 1.82E+07 980923.7 2.95E+06 17500000 994539.9 2969952 17500000 1.01E+06

Mean Equity Ratio (2004/2005) 0.06 0.05 0.02 0.06 0.05 0.02 0.06 0.05 0.02

Mean Interbank Obligations (2004/2005) 0.18 0.15 0.11 0.18 0.15 0.11 0.18 0.15 0.11

Profit/Loss Mean Variables

Mean Net Interest Income (0) 0.03 0.01 0.00 0.03 0.01 0.00 0.03 0.01 0.00

Mean Net Provision Income (0) 0.01 0.01 0.00 0.01 0.01 0.00 0.01 0.01 0.00

Mean Net Trading Income (0) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Mean Cost-Income-Ratio (0) 0.74 0.33 0.12 0.74 0.38 0.12 0.74 0.34 0.12

Mean Loss Provisions (0) 0.01 0.01 0.00 0.01 0.01 0.00 0.01 0.01 0.00
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Figure 2: Predictive margins at different representative states for the key explanatory mean variables

for model 1(a) (All banks) over the time period August 2007 to October 2010 (i.e. for the All periods

regression of model 1(a)). The dotted lines depict 95% confidence intervals. The confidence intervals are

estimated using robust standard errors to account for heteroskedasticity and are truncated at zero and

one.

0.00

0.13

0.25

0.38

0.50

0.63

0.75

0.88

1.00

0.00 0.53 1.05 1.58 2.10 2.63 3.16 3.68 4.21 4.73

Pr
ed

ic
ti
ve
 m

ar
gi
n 
fo
r 
LO

LR
 r
ec
ou

rs
e 

Mean Liquidity Risk (0) 

0.00

0.10

0.20

0.30

0.40

0.50

0.60

0.70

0.80

‐0.8 ‐0.4 0 0.4 0.8 1.2 1.6 2 2.4 2.8

Pr
ed

ic
ti
ve

 m
ar
gi
n 
fo
r 
LO

LR
 r
ec
ou

rs
e 

Mean Fulfillment Ratio (0) 

0.00

0.10

0.20

0.30

0.40

0.50

0.60

0.70

0.80

8.00 9.14 10.28 11.42 12.56 13.70 14.84 15.98 17.12 18.26

Pr
ed

ic
ti
ve
 m

ar
gi
n 
fo
r 
LO

LR
 r
ec
ou

rs
e 

Mean Size in logs (0) 

0.00

0.13

0.25

0.38

0.50

0.63

0.75

0.88

1.00

‐7.00 ‐5.53 ‐4.06 ‐2.59 ‐1.12 0.35 1.82 3.29 4.76 6.23

Pr
ed

ic
ti
ve
 m

ar
gi
n 
fo
r 
LO

LR
 r
ec
ou

rs
e 

Mean Cost‐Income‐Ratio (0) 

0.00

0.10

0.20

0.30

0.40

0.50

0.60

0.70

‐0.02 0.00 0.02 0.04 0.05 0.07 0.09 0.11 0.13 0.15

Pr
ed

ic
ti
ve
 m

ar
gi
n 
fo
r 
LO

LR
 r
ec
ou

rs
e 

Mean Net Interest Income (0) 

0.00

0.13

0.25

0.38

0.50

0.63

0.75

0.88

1.00

‐0.02 ‐0.02 ‐0.01 ‐0.01 0.00 0.00 0.01 0.01 0.01 0.02

Pr
ed

ic
ti
ve

 m
ar
gi
n 
fo
r 
LO

LR
 r
ec
ou

rs
e 

Mean Net Trading Income (0) 

29



T
a
b

le
5
:

M
ai

n
R

es
u

lt
s

II
-

M
L

F
a
m

o
u
n
t

es
ti

m
a
ti

o
n

w
it

h
H

ec
k
m

a
n

co
rr

ec
ti

o
n

T
h
is

ta
b
le

p
re

se
n
ts

th
e

e
m

p
ir

ic
a
l

re
su

lt
s

fo
r

M
o
d
e
l

2
(a

)
a
n
d

M
o
d
e
l

2
(b

)
u
si

n
g

th
e

H
e
c
k
m

a
n

c
o
rr

e
c
ti

o
n

to
e
st

im
a
te

th
e

u
lt

im
a
te

E
u
ro

a
m

o
u
n
t

th
a
t

a
b
a
n
k

w
il

l
d
ra

w
fr

o
m

th
e

d
is

c
o
u
n
t

w
in

d
o
w

o
f

th
e

E
u
ro

sy
st

e
m

.
T

h
e

d
e
p

e
n
d
e
n
t

v
a
ri

a
b
le

is
th

e
n
o
m

in
a
l

M
L

F
a
m

o
u
n
t

in
E

u
ro

.
A

ll
in

d
e
p

e
n
d
e
n
t

M
e
a
n

..
.

(
0
)

v
a
ri

a
b
le

s
a
re

c
a
lc

u
la

te
d

a
s

si
m

p
le

m
e
a
n
s

fo
r

th
e

p
re

-c
ri

si
s

p
e
ri

o
d

J
a
n
u
a
ry

2
0
0
4

to
A

u
g
u
st

2
0
0
7
.

T
h
e

b
id

d
in

g
b
a
n
k
s

re
g
re

ss
io

n
,

M
o
d
e
l

2
(b

),
o
n
ly

c
o
n
si

d
e
rs

th
o
se

b
a
n
k
s

w
h
ic

h
p
a
rt

ic
ip

a
te

d
a
t

le
a
st

o
n
c
e

in
a

m
a
in

re
fi

n
a
n
c
in

g
o
p

e
ra

ti
o
n

b
e
fo

re
A

u
g
u
st

2
0
0
7
.

D
u
e

to
sp

a
c
e

re
st

ri
c
ti

o
n
s,

th
e

c
o
e
ffi

c
ie

n
ts

fr
o
m

th
e

b
a
n
k
in

g
g
ro

u
p

d
u
m

m
y

v
a
ri

a
b
le

s
(B

G
R

),
th

e
c
o
n
st

a
n
t

fo
r

th
e

se
le

c
ti

o
n

e
q
u
a
ti

o
n
,

a
n
d

th
e

d
u
m

m
y

fo
r

th
e

la
st

d
a
y

o
f

a
R

M
P

a
re

o
m

it
te

d
fr

o
m

th
is

ta
b
le

.

M
o
d
e
l

2
(
a
)

(
A

ll
b
a
n
k
s
)

M
o
d
e
l

2
(
b
)

(
B

id
d
in

g
b
a
n
k
s

o
n
ly

)

A
ll

p
e
ri

o
d
s

S
u
b
p
ri

m
e

L
e
h
m

a
n

P
o
st

-L
e
h
m

a
n

S
o
v
e
re

ig
n

A
ll

p
e
ri

o
d
s

S
u
b
p
ri

m
e

L
e
h
m

a
n

P
o
st

-L
e
h
m

a
n

S
o
v
e
re

ig
n

O
u
t
c
o
m

e
e
q
u
a
t
io

n

M
e
a
n

L
iq

u
id

it
y

R
is

k
(0

)
1
6
4
4
6
2
6
0
7
.5

*
*
*

4
2
6
3
9
6
4
1
.3

-9
5
9
3
7
6
0
.6

4
7
8
5
7
4
3
5
4
.7

*
*
*

1
8
7
2
5
9
8
0
5
.7

*
*

5
5
5
0
1
4
2
9
3
.1

*
*
*

4
3
5
0
5
7
6
9
.2

5
0
7
1
0
1
2
8
1
.6

*
*

8
3
7
2
7
8
3
7
9
.1

*
*

9
0
2
7
0
9
0
3
5
.3

*
*
*

(3
9
4
6
8
3
8
2
.2

)
(2

8
6
1
0
2
5
4
.7

)
(8

7
6
5
4
0
5
8
.1

)
(1

3
1
5
7
1
4
9
4
.3

)
(9

5
3
7
1
7
4
8
.9

)
(1

1
9
2
1
6
1
7
9
.5

)
(8

8
1
6
4
8
6
9
.8

)
(2

3
1
0
6
3
6
6
7
.0

)
(4

0
6
5
2
9
5
4
5
.1

)
(3

1
4
3
2
7
5
2
4
.8

)

M
e
a
n

F
u
lfi

ll
m

e
n
t

R
a
ti

o
(0

)
-2

2
9
6
0
7
2
1
0
.5

*
*
*

-5
7
9
3
7
4
7
6
.7

-6
4
6
4
3
0
8
0
.7

-6
5
6
2
2
0
9
6
9
.6

*
*
*

-4
2
8
6
0
6
3
4
0
.6

*
*
*

(5
1
2
6
4
4
3
6
.4

)
(3

5
5
9
1
8
6
7
.2

)
(1

3
1
7
7
7
8
7
4
.1

)
(1

7
4
4
0
6
1
1
8
.1

)
(1

5
1
9
8
2
0
0
4
.6

)

M
e
a
n

D
IS

T
(0

)
3
.3

2
4
0
5
e
+

0
9
*
*

2
0
0
2
4
6
4
6
5
.5

2
.7

1
9
6
2
e
+

0
9

7
.6

1
6
7
7
e
+

0
9

7
.6

5
1
0
7
e
+

0
9
*

(1
.3

9
8
1
1
e
+

0
9
)

(1
.1

8
0
4
2
e
+

0
9
)

(2
.7

1
4
5
2
e
+

0
9
)

(5
.6

7
6
1
2
e
+

0
9
)

(4
.6

1
1
1
3
e
+

0
9
)

M
e
a
n

S
iz

e
(0

)
1
.4

1
3
*
*
*

0
.5

5
2
*
*

0
.8

3
1

1
.2

6
0

2
.0

4
9
*
*

1
.5

1
9
*
*
*

0
.4

0
4

1
.2

8
1
*
*

1
.2

1
7

3
.5

3
5
*
*
*

(0
.3

0
7
)

(0
.2

2
4
)

(0
.5

4
1
)

(1
.0

0
0
)

(0
.8

2
0
)

(0
.4

2
1
)

(0
.3

3
3
)

(0
.6

4
8
)

(1
.3

9
3
)

(1
.1

2
4
)

M
e
a
n

E
q
u
it

y
R

a
ti

o
(0

)
-4

4
0
9
4
1
3
2
3
.8

*
*
*

3
9
3
5
8
1
5
5
.3

-5
2
7
3
4
2
6
7
8
.9

-7
5
1
8
9
6
6
6
9
.8

2
7
8
7
7
9
2
8
.0

-4
3
9
3
3
5
1
3
4
.3

6
7
3
0
0
4
1
5
.1

-1
.4

1
8
7
5
e
+

0
9
*
*

-7
3
6
4
6
6
9
2
8
.1

-1
.1

1
0
8
5
e
+

0
9

(1
3
9
7
7
4
1
7
3
.1

)
(9

8
1
8
7
6
4
6
.1

)
(3

9
8
2
5
9
7
8
2
.0

)
(4

8
9
2
0
7
3
7
0
.9

)
(4

8
9
6
3
7
6
7
6
.5

)
(2

7
0
1
5
9
5
0
8
.6

)
(1

8
5
9
5
7
6
5
4
.5

)
(6

9
0
9
2
9
9
9
4
.8

)
(9

5
9
4
4
9
2
0
9
.8

)
(9

7
8
7
5
7
4
6
6
.0

)

M
e
a
n

In
te

rb
a
n
k

O
b
li
g
a
ti

o
n
s

(0
)

-2
1
5
1
6
9
1
2
7
.5

*
*
*

-5
0
0
7
1
3
0
3
.9

3
2
1
6
5
6
6
7
6
.8

*
-2

0
9
5
2
1
6
3
6
.4

3
7
6
2
5
8
1
7
.4

-3
8
5
1
8
3
8
1
2
.1

*
*

2
2
5
2
9
9
6
7
.0

9
9
0
2
0
5
2
7
.1

-2
3
2
1
2
6
5
6
9
.5

-1
.2

6
5
4
0
e
+

0
9
*
*

(7
4
6
6
4
3
1
5
.6

)
(4

8
2
7
7
5
9
2
.8

)
(1

8
6
2
6
8
4
8
6
.6

)
(3

0
0
5
9
0
0
6
3
.2

)
(2

3
9
4
8
2
2
4
5
.1

)
(1

6
8
1
3
8
5
7
2
.4

)
(1

2
2
1
1
3
6
0
6
.5

)
(2

9
2
3
2
2
7
9
5
.5

)
(5

6
1
8
3
2
7
3
8
.1

)
(5

6
6
2
3
4
5
3
3
.5

)

M
e
a
n

N
e
t

In
te

re
st

In
c
o
m

e
(0

)
-3

.0
3
3
6
8
e
+

0
9

-3
.7

3
3
9
0
e
+

0
9
*
*
*

5
.3

5
1
1
3
e
+

0
9

-2
.3

0
8
1
6
e
+

0
9

-4
.6

4
1
1
6
e
+

0
9

-1
.5

5
5
2
7
e
+

0
9

-6
.4

8
4
3
1
e
+

0
9
*
*

-1
.1

8
4
7
3
e
+

1
0

-4
.7

6
2
4
3
e
+

0
9

-5
.5

6
7
7
5
e
+

0
9

(1
.8

9
8
6
7
e
+

0
9
)

(1
.3

5
8
3
5
e
+

0
9
)

(5
.5

1
5
4
1
e
+

0
9
)

(6
.0

7
2
2
7
e
+

0
9
)

(4
.3

4
7
8
9
e
+

0
9
)

(3
.9

1
1
9
2
e
+

0
9
)

(2
.9

0
4
4
4
e
+

0
9
)

(8
.7

9
4
6
9
e
+

0
9
)

(1
.4

4
3
4
7
e
+

1
0
)

(1
.2

4
5
4
7
e
+

1
0
)

M
e
a
n

N
e
t

P
ro

v
is

io
n

In
c
o
m

e
(0

)
-7

8
0
9
5
8
6
9
0
.5

-4
6
1
1
6
4
8
5
1
.7

1
.1

4
2
8
7
e
+

0
9

-1
.1

1
1
0
6
e
+

0
9

-6
.0

2
6
0
5
e
+

0
9
*

-1
.5

0
6
2
3
e
+

0
9

2
.3

0
2
9
7
e
+

0
9

9
.6

6
6
6
6
e
+

0
9

-1
.5

6
1
1
3
e
+

1
0

4
.4

0
2
1
4
e
+

0
9

(7
0
5
9
7
1
8
1
3
.2

)
(4

4
7
4
3
2
0
1
7
.9

)
(3

.0
7
0
5
0
e
+

0
9
)

(4
.6

1
4
0
6
e
+

0
9
)

(3
.4

3
6
3
4
e
+

0
9
)

(5
.0

6
3
1
3
e
+

0
9
)

(3
.5

6
3
6
4
e
+

0
9
)

(1
.3

7
6
9
0
e
+

1
0
)

(2
.0

2
2
4
1
e
+

1
0
)

(1
.2

5
1
3
5
e
+

1
0
)

M
e
a
n

N
e
t

T
ra

d
in

g
In

c
o
m

e
(0

)
-1

.9
2
5
4
2
e
+

1
0

3
.7

7
9
2
5
e
+

0
9

-3
.8

9
1
0
9
e
+

1
0

1
.3

0
7
2
8
e
+

1
0

-4
.7

4
0
2
6
e
+

1
0
*

-2
.2

3
9
6
5
e
+

1
0

-1
.1

7
7
5
8
e
+

1
0

-2
.0

4
9
1
9
e
+

1
1
*
*

9
.4

0
0
8
0
e
+

0
9

-6
.1

8
5
3
0
e
+

1
0

(1
.1

7
6
3
7
e
+

1
0
)

(7
.9

4
7
5
1
e
+

0
9
)

(4
.6

3
1
6
9
e
+

1
0
)

(4
.0

7
1
1
3
e
+

1
0
)

(2
.4

9
7
7
0
e
+

1
0
)

(2
.1

8
2
1
0
e
+

1
0
)

(1
.8

1
3
8
8
e
+

1
0
)

(8
.5

2
1
1
7
e
+

1
0
)

(6
.6

0
4
2
6
e
+

1
0
)

(3
.9

7
0
4
8
e
+

1
0
)

M
e
a
n

C
o
st

-I
n
c
o
m

e
-R

a
ti

o
(0

)
-2

7
0
7
4
4
5
9
.3

*
9
9
0
7
3
4
.4

1
1
5
3
8
6
9
7
.1

-7
9
0
1
3
6
8
9
.2

-1
9
8
6
4
7
3
7
.3

-3
1
4
5
0
1
9
3
5
.7

*
*
*

-6
2
2
7
0
8
1
5
.0

1
5
7
1
6
1
8
8
5
.8

1
4
9
8
1
2
3
0
.1

-2
3
1
8
6
8
0
2
2
.2

(1
5
7
1
7
8
9
5
.9

)
(1

1
4
3
0
3
8
2
.4

)
(4

0
5
3
3
1
9
1
.6

)
(5

3
1
8
9
7
1
4
.0

)
(5

1
3
7
0
2
4
3
.6

)
(1

0
5
4
2
0
3
2
2
.4

)
(8

4
7
2
9
7
5
0
.1

)
(2

7
7
4
8
7
8
9
2
.1

)
(3

4
4
7
2
6
9
9
8
.1

)
(2

6
8
3
1
1
4
7
2
.2

)

M
e
a
n

L
o
ss

P
ro

v
is

io
n
s

(0
)

1
.2

9
3
9
6
e
+

0
9

-6
0
4
5
8
0
9
2
8
.1

8
.5

8
5
9
3
e
+

0
9

1
.1

0
8
5
2
e
+

1
0

2
.1

0
8
6
8
e
+

1
0
*
*

-4
7
2
0
0
3
3
.0

-8
2
7
8
7
8
3
8
5
.8

8
.0

3
3
6
4
e
+

1
0
*
*
*

5
.3

7
6
6
0
e
+

1
0

4
.4

3
3
7
7
e
+

1
0
*

(1
.8

5
4
2
1
e
+

0
9
)

(1
.2

2
7
9
6
e
+

0
9
)

(8
.0

3
5
2
0
e
+

0
9
)

(1
.1

9
8
6
6
e
+

1
0
)

(9
.7

1
4
9
6
e
+

0
9
)

(2
.6

9
5
3
5
e
+

0
9
)

(1
.7

4
9
7
5
e
+

0
9
)

(2
.1

8
4
9
3
e
+

1
0
)

(3
.3

2
3
7
1
e
+

1
0
)

(2
.6

1
9
9
1
e
+

1
0
)

C
o
n
st

a
n
t

4
0
3
6
2
7
4
7
0
.7

*
*
*

-3
7
2
0
4
1
5
4
.5

9
6
1
9
7
6
4
2
4
.7

*
*
*

2
5
2
1
0
6
1
4
4
.1

3
4
6
6
0
0
9
3
8
.8

-3
.2

4
8
8
5
e
+

0
9
*
*

-1
8
1
3
2
0
2
7
8
.1

-2
.3

7
2
9
5
e
+

0
9

-7
.3

2
6
9
1
e
+

0
9

-7
.5

5
0
6
1
e
+

0
9
*

(1
3
6
5
8
7
6
4
2
.8

)
(9

9
1
7
9
6
8
0
.3

)
(2

4
3
4
3
9
4
5
5
.7

)
(3

4
6
3
1
3
3
5
8
.8

)
(3

0
5
8
8
9
0
4
3
.7

)
(1

.3
3
8
5
5
e
+

0
9
)

(1
.1

3
0
8
7
e
+

0
9
)

(2
.5

4
5
8
8
e
+

0
9
)

(5
.3

7
7
8
4
e
+

0
9
)

(4
.3

6
8
0
8
e
+

0
9
)

S
e
le

c
t
io

n
e
q
u
a
t
io

n

M
e
a
n

L
iq

u
id

it
y

R
is

k
(0

)
0
.5

2
3
*
*
*

0
.6

8
3
*
*
*

0
.5

0
3
*
*
*

0
.4

7
2
*
*
*

0
.4

5
9
*
*
*

0
.8

9
9
*
*
*

1
.2

4
9
*
*
*

0
.7

6
9
*
*
*

0
.7

9
4
*
*
*

0
.8

6
0
*
*
*

(0
.0

2
2
5
)

(0
.0

3
8
8
)

(0
.0

5
5
2
)

(0
.0

4
7
1
)

(0
.0

5
1
3
)

(0
.0

5
5
2
)

(0
.1

0
7
)

(0
.1

3
0
)

(0
.1

0
8
)

(0
.1

3
2
)

M
e
a
n

F
u
lfi

ll
m

e
n
t

R
a
ti

o
(0

)
-0

.6
2
6
*
*
*

-0
.7

9
7
*
*
*

-0
.5

5
2
*
*
*

-0
.5

5
7
*
*
*

-0
.6

0
0
*
*
*

(0
.0

2
9
7
)

(0
.0

5
0
1
)

(0
.0

6
4
9
)

(0
.0

6
2
6
)

(0
.0

6
9
3
)

M
e
a
n

D
IS

T
(0

)
0
.1

2
1

-0
.3

8
9

-1
.2

6
6

0
.1

3
8

0
.9

0
8

(0
.5

5
3
)

(0
.9

7
8
)

(1
.1

3
9
)

(1
.1

5
3
)

(1
.3

7
5
)

M
e
a
n

S
iz

e
(0

)
1
.9

8
e
-0

9
*
*
*

8
.1

2
e
-1

1
3
.3

4
e
-0

9
*
*
*

3
.1

5
e
-0

9
*
*
*

2
.6

9
e
-0

9
*
*
*

1
.6

2
e
-0

9
*
*
*

-6
.8

6
e
-1

1
2
.8

3
e
-0

9
*
*
*

2
.8

4
e
-0

9
*
*
*

2
.1

8
e
-0

9
*
*
*

(3
.3

0
e
-1

0
)

(6
.1

2
e
-1

0
)

(7
.5

4
e
-1

0
)

(6
.5

3
e
-1

0
)

(7
.6

8
e
-1

0
)

(3
.5

2
e
-1

0
)

(6
.5

8
e
-1

0
)

(8
.0

5
e
-1

0
)

(6
.9

8
e
-1

0
)

(8
.3

4
e
-1

0
)

M
e
a
n

E
q
u
it

y
R

a
ti

o
(0

)
0
.8

0
3
*
*
*

1
.5

5
0
*
*
*

0
.0

7
9
1

0
.0

8
5
8

-0
.0

7
0
4

0
.9

4
6
*
*
*

1
.4

7
7
*
*
*

0
.5

6
8

0
.5

1
3

-0
.5

3
9

(0
.1

3
4
)

(0
.1

9
3
)

(0
.5

0
3
)

(0
.3

1
7
)

(0
.3

8
0
)

(0
.1

8
5
)

(0
.2

8
9
)

(0
.6

3
6
)

(0
.4

0
8
)

(0
.5

8
0
)

M
e
a
n

In
te

rb
a
n
k

O
b
li
g
a
ti

o
n
s

(0
)

-0
.2

7
2
*
*
*

-0
.2

1
2
*

-0
.1

9
8

-0
.4

6
7
*
*
*

-0
.3

5
2
*
*

-0
.3

5
9
*
*
*

-0
.4

9
0
*
*

0
.0

4
3
0

-0
.6

2
2
*
*
*

-0
.5

8
5
*
*

(0
.0

7
2
2
)

(0
.1

2
1
)

(0
.1

7
6
)

(0
.1

5
2
)

(0
.1

7
3
)

(0
.1

1
2
)

(0
.2

0
1
)

(0
.2

4
5
)

(0
.2

2
3
)

(0
.2

9
0
)

M
e
a
n

N
e
t

In
te

re
st

In
c
o
m

e
(0

)
-9

.4
6
7
*
*
*

-1
4
.1

2
*
*
*

-1
3
.1

5
*
*
*

-5
.5

7
0
*
*
*

-2
.0

9
6

-1
2
.4

5
*
*
*

-1
4
.1

7
*
*
*

-9
.5

8
8

-1
.3

2
0

1
.4

2
8

(1
.0

4
6
)

(1
.8

0
6
)

(3
.2

6
3
)

(2
.0

0
2
)

(2
.1

7
1
)

(2
.5

4
9
)

(4
.8

7
3
)

(6
.8

5
8
)

(5
.1

6
7
)

(6
.0

1
5
)

M
e
a
n

N
e
t

P
ro

v
is

io
n

In
c
o
m

e
(0

)
-4

.5
6
2
*
*
*

-9
.0

0
0
*
*
*

-3
.3

5
9
*
*
*

-3
.4

6
1
*
*
*

-2
.0

9
8
*
*
*

1
.6

1
1

4
.1

9
4

-0
.4

1
2

-3
.2

7
8

1
.9

8
2

(0
.6

0
4
)

(1
.0

4
1
)

(1
.2

0
2
)

(0
.9

9
9
)

(0
.7

6
3
)

(3
.2

5
0
)

(5
.6

9
3
)

(9
.8

8
6
)

(6
.9

5
7
)

(6
.7

0
8
)

M
e
a
n

N
e
t

T
ra

d
in

g
In

c
o
m

e
(0

)
-3

6
.3

7
*
*
*

-2
8
.7

3
*

-1
0
4
.6

*
*
*

-6
3
.9

9
*
*
*

-5
.4

5
3

-2
4
.4

1
-1

7
.1

9
-8

3
.8

1
-5

0
.8

1
1
2
.3

5

(1
0
.5

1
)

(1
7
.0

2
)

(3
8
.0

8
)

(2
3
.4

0
)

(2
0
.7

5
)

(1
7
.8

6
)

(3
4
.5

0
)

(6
0
.4

3
)

(3
5
.4

0
)

(3
1
.1

6
)

M
e
a
n

C
o
st

-I
n
c
o
m

e
-R

a
ti

o
(0

)
-0

.1
0
3
*
*
*

-0
.0

7
7
1
*
*
*

-0
.1

7
6
*
*
*

-0
.1

1
4
*
*
*

-0
.1

4
9
*
*
*

-0
.5

0
2
*
*
*

-0
.5

0
5
*
*
*

-1
.2

5
5
*
*
*

-0
.4

6
9
*
*
*

-0
.2

4
2

(0
.0

1
1
7
)

(0
.0

1
8
4
)

(0
.0

3
4
5
)

(0
.0

2
6
3
)

(0
.0

3
1
0
)

(0
.0

7
7
0
)

(0
.1

4
0
)

(0
.2

0
0
)

(0
.1

5
6
)

(0
.1

8
6
)

M
e
a
n

L
o
ss

P
ro

v
is

io
n
s

(0
)

-1
.5

8
9

-1
.1

1
7

-4
.9

1
5

-1
.6

3
9

-2
.8

1
7

-7
.2

0
3
*
*
*

-6
.4

6
2
*
*
*

-5
6
.3

1
*
*
*

-5
6
.2

7
*
*
*

-3
6
.7

2
*
*

(0
.9

8
1
)

(1
.4

4
4
)

(3
.8

6
4
)

(2
.1

1
7
)

(2
.9

1
8
)

(1
.8

7
1
)

(2
.2

6
1
)

(1
8
.1

4
)

(1
5
.1

1
)

(1
6
.0

1
)

C
o
n
st

a
n
t/

B
G

R
/
L

a
st

d
a
y

o
f

R
M

P
o
m

it
te

d
o
m

it
te

d
o
m

it
te

d
o
m

it
te

d
o
m

it
te

d
o
m

it
te

d
o
m

it
te

d
o
m

it
te

d
o
m

it
te

d
o
m

it
te

d

M
il
ls

la
m

b
d
a

-8
4
6
5
0
1
6
2
.1

*
4
0
8
9
8
5
3
8
.2

-3
5
5
3
0
0
9
6
9
.9

*
*
*

-7
8
7
3
0
1
9
8
.0

-9
2
1
9
7
7
9
3
.7

9
7
1
4
5
2
9
0
.7

5
1
5
2
9
7
5
7
.0

-1
5
8
2
3
1
0
2
5
.5

-3
3
6
0
6
5
0
8
.4

1
1
4
6
7
8
0
1
2
.1

(4
7
5
0
2
3
0
1
.7

)
(3

0
8
7
5
4
3
1
.5

)
(1

1
2
8
8
4
1
1
7
.0

)
(1

2
6
6
6
8
5
8
8
.0

)
(1

0
1
3
9
3
8
1
7
.6

)
(6

3
5
9
6
5
0
0
.9

)
(3

9
0
4
0
0
5
8
.7

)
(1

5
9
1
2
2
7
5
9
.1

)
(1

9
0
4
0
1
6
4
3
.8

)
(1

4
6
3
2
7
3
9
6
.6

)

O
b
se

rv
a
ti

o
n
s

1
3
8
2
7
8
5

4
8
7
7
7
7

1
5
7
5
7
0

3
4
2
4
0
3

3
5
4
1
7
8

1
3
8
2
2
3
5

4
8
7
5
9
0

1
5
7
4
5
6

3
4
2
2
7
2

3
5
4
0
7
3

S
ta

n
d
a
rd

e
rr

o
rs

in
p
a
re

n
th

e
se

s

*
p
<

0
.1

,
*
*

p
<

0
.0

5
,

*
*
*

p
<

0
.0

1

30



T
a
b

le
6
:

M
ai

n
R

es
u

lt
s

II
I

-
M

o
d

el
in

g
th

e
p

ro
b

a
b

il
it

y
o
f

a
M

L
F

re
co

u
rs

e
u

si
n

g
st

ru
ct

u
ra

l
fa

ct
o
rs

a
n

d
co

n
tr

o
ls

o
n

a
co

n
te

m
p

o
ra

ry
b

a
si

s
T

h
is

ta
b
le

p
re

se
n
ts

th
e

e
m

p
ir

ic
a
l

re
su

lt
s

fo
r

M
o
d
e
l

3
(a

)
a
n
d

M
o
d
e
l

3
(b

)
u
si

n
g

a
p
a
n
e
l

p
ro

b
it

m
o
d
e
l.

A
ll

v
a
ri

a
b
le

s,
in

c
lu

d
in

g
th

e
b
in

a
ry

d
e
p

e
n
d
a
n
t

v
a
ri

a
b
le

M
L

F
-R

ec
o
u

r
se

,
a
re

in
c
lu

d
e
d

o
n

a
d
a
y
-b

y
-d

a
y

b
a
si

s
a
n
d

th
e

re
g
re

ss
io

n
s

a
re

e
st

im
a
te

d
u
si

n
g

re
se

rv
e
-m

a
in

te
n
a
n
c
e
-p

e
ri

o
d

sp
e
c
ifi

c
ti

m
e

fi
x
e
d

e
ff

e
c
ts

.
T

h
e

d
e
p

e
n
d
e
n
t

v
a
ri

a
b
le

is
e
q
u
a
l

to
1

a
t

ti
m

e
t

if
a

M
L

F
re

c
o
u
rs

e
is

o
b
se

rv
e
d

o
n

th
a
t

d
a
y

a
n
d

z
e
ro

o
th

e
rw

is
e
.

A
ll

in
d
e
p

e
n
d
e
n
t

M
e
a
n

..
.

(
0
)

v
a
ri

a
b
le

s
a
re

c
a
lc

u
la

te
d

a
s

si
m

p
le

a
v
e
ra

g
e
s

fo
r

th
e

p
re

-c
ri

si
s

p
e
ri

o
d

J
a
n
u
a
ry

2
0
0
4

to
A

u
g
u
st

2
0
0
7
.

T
h
e

b
id

d
in

g
b
a
n
k
s

re
g
re

ss
io

n
o
n
ly

c
o
n
si

d
e
rs

th
o
se

b
a
n
k
s

w
h
ic

h
p
a
rt

ic
ip

a
te

d
a
t

le
a
st

o
n
c
e

in
a

m
a
in

re
fi

n
a
n
c
in

g
o
p

e
ra

ti
o
n

b
e
fo

re
A

u
g
u
st

2
0
0
7
.

D
u
e

to
sp

a
c
e

re
st

ri
c
ti

o
n
s,

th
e

c
o
e
ffi

c
ie

n
ts

fr
o
m

th
e

b
a
n
k
in

g
g
ro

u
p

d
u
m

m
y

v
a
ri

a
b
le

s
(B

G
R

),
th

e
c
o
n
st

a
n
t,

a
n
d

th
e

T
F

E
s

a
re

o
m

it
te

d
fr

o
m

th
is

ta
b
le

.
N

o
te

th
a
t

b
e
c
a
u
se

o
f

c
o
m

p
u
ta

ti
o
n
a
l

re
st

ri
c
ti

o
n
s,

T
F

E
w

e
re

n
o
t

e
st

im
a
te

d
fo

r
th

e
A

ll
P

e
r
io

d
s

o
u
tc

o
m

e
. M

o
d
e
l

3
(
a
)

(
A

ll
b
a
n
k
s

in
t
h
e

s
a
m

p
le

)
M

o
d
e
l

3
(
b
)

(
B

id
d
in

g
b
a
n
k
s

o
n
ly

)

A
ll

p
e
ri

o
d
s

S
u
b
p
ri

m
e

L
e
h
m

a
n

P
o
st

-L
e
h
m

a
n

S
o
v
e
re

ig
n

P
.

S
o
v
e
re

ig
n

A
ll

p
e
ri

o
d
s

S
u
b
p
ri

m
e

L
e
h
m

a
n

P
o
st

-L
e
h
m

a
n

S
o
v
e
re

ig
n

P
.

S
o
v
e
re

ig
n

M
e
a
n

V
a
r
ia

b
le

s

M
e
a
n

L
iq

u
id

it
y

R
is

k
(0

)
0
.4

8
4
*
*
*

0
.8

2
6
*
*
*

0
.6

6
9
*
*
*

0
.6

4
0
*
*
*

0
.8

2
7
*
*
*

0
.8

9
2
*
*
*

1
.1

6
2
*
*
*

1
.6

1
6
*
*
*

1
.2

2
6
*
*
*

1
.1

7
7
*
*
*

1
.3

3
6
*
*
*

0
.9

8
3
*
*

(0
.0

9
4
8
)

(0
.1

3
2
)

(0
.1

8
7
)

(0
.1

4
5
)

(0
.1

5
9
)

(0
.2

8
6
)

(0
.2

1
6
)

(0
.2

7
1
)

(0
.4

4
9
)

(0
.3

5
7
)

(0
.3

7
3
)

(0
.4

6
4
)

M
e
a
n

F
u
lfi

ll
m

e
n
t

R
a
ti

o
(0

)
-0

.6
0
9
*
*
*

-1
.1

0
7
*
*
*

-0
.7

4
3
*
*
*

-0
.8

5
0
*
*
*

-1
.2

7
4
*
*
*

-0
.7

4
8
*

(0
.1

3
3
)

(0
.1

8
6
)

(0
.2

2
2
)

(0
.2

1
4
)

(0
.2

5
2
)

(0
.3

8
9
)

M
e
a
n

M
D

F
(0

)
0
.0

2
0
4

0
.0

2
5
6

-0
.0

2
0
9

0
.0

2
1
4

-1
.2

5
7
*

-0
.9

5
0

(0
.0

1
6
2
)

(0
.0

2
0
2
)

(0
.0

3
7
5
)

(0
.0

2
5
7
)

(0
.7

0
5
)

(1
.3

1
7
)

M
e
a
n

D
IS

T
(0

)
-1

.2
4
2

-1
.7

1
2

-1
.2

0
1

0
.7

5
1

2
.4

2
9

-2
.8

3
5

(1
.3

5
9
)

(1
.8

1
7
)

(2
.9

4
1
)

(2
.8

2
5
)

(3
.1

7
6
)

(2
.5

9
6
)

M
e
a
n

S
iz

e
in

lo
g
s

(0
)

0
.1

2
8
*
*
*

1
.3

0
e
-0

9
5
.6

3
e
-0

9
*

4
.3

3
e
-0

9
*

2
.8

9
e
-0

9
-1

.7
3
e
-0

9
0
.0

8
0
5
*
*

4
.9

3
e
-1

0
4
.2

0
e
-0

9
2
.7

7
e
-0

9
2
.0

2
e
-0

9
-1

.3
1
e
-0

9

(0
.0

2
1
8
)

(1
.9

5
e
-0

9
)

(3
.2

3
e
-0

9
)

(2
.4

4
e
-0

9
)

(2
.5

5
e
-0

9
)

(3
.2

6
e
-0

9
)

(0
.0

3
9
3
)

(1
.6

2
e
-0

9
)

(3
.1

7
e
-0

9
)

(2
.7

6
e
-0

9
)

(2
.5

5
e
-0

9
)

(2
.7

3
e
-0

9
)

M
e
a
n

E
q
u
it

y
R

a
ti

o
(0

)
0
.8

7
8

0
.7

5
4

1
.0

4
6

-0
.0

9
0
4

0
.4

4
4

0
.7

5
6

0
.6

1
5

1
.0

8
7

0
.4

7
4

0
.7

8
5

-0
.7

9
2

-1
.4

7
9

(0
.5

6
2
)

(0
.7

3
5
)

(1
.1

9
9
)

(0
.8

7
9
)

(0
.8

6
5
)

(1
.5

4
4
)

(1
.0

6
5
)

(1
.1

2
2
)

(1
.9

5
0
)

(1
.5

1
8
)

(1
.5

2
6
)

(2
.0

5
7
)

M
e
a
n

In
te

rb
a
n
k

O
b
li
g
a
ti

o
n
s

(0
)

-0
.3

1
5

-0
.2

4
8

-0
.1

7
7

-0
.5

6
7

-0
.7

8
5
*

-0
.1

6
8

-0
.1

3
2

-0
.5

2
7

0
.1

4
0

-0
.9

4
8

-0
.9

1
8

-0
.8

3
8

(0
.2

2
5
)

(0
.3

3
7
)

(0
.4

8
0
)

(0
.3

4
9
)

(0
.4

3
0
)

(0
.7

3
7
)

(0
.3

5
9
)

(0
.4

4
0
)

(0
.7

4
7
)

(0
.5

9
9
)

(0
.6

7
8
)

(1
.0

1
5
)

M
e
a
n

N
e
t

In
te

re
st

In
c
o
m

e
(0

)
-8

.7
0
5
*
*
*

-1
6
.8

9
*
*
*

-1
3
.6

7
*

-1
0
.1

1
*
*

-5
.3

3
9

-2
5
.6

9
*
*

-1
0
.0

8
-1

9
.7

7
*
*

-6
.7

2
9

-1
1
.8

3
-2

.8
9
6

-1
5
.1

3

(3
.3

3
8
)

(4
.9

5
1
)

(7
.7

4
1
)

(5
.1

4
5
)

(5
.5

3
3
)

(1
1
.8

7
)

(7
.9

8
7
)

(9
.4

2
0
)

(1
5
.5

6
)

(1
3
.8

8
)

(1
4
.3

4
)

(1
7
.6

9
)

M
e
a
n

N
e
t

P
ro

v
is

io
n

In
c
o
m

e
(0

)
-1

.5
8
9

-4
.2

2
4
*
*

-3
.9

8
8

-3
.8

3
5
*

3
.7

7
2

-0
.5

2
9

1
2
.0

9
6
.9

6
9

6
.8

6
0

-8
.5

4
6

1
.9

2
0

2
3
.6

7

(1
.3

5
8
)

(1
.6

6
8
)

(3
.1

9
3
)

(2
.1

9
9
)

(4
.7

0
7
)

(7
.6

5
3
)

(1
0
.5

3
)

(1
1
.9

6
)

(2
4
.0

5
)

(1
7
.7

8
)

(1
7
.1

0
)

(2
0
.8

0
)

M
e
a
n

N
e
t

T
ra

d
in

g
In

c
o
m

e
(0

)
1
9
.5

6
5
6
.0

4
-6

6
.9

5
-3

0
.2

1
3
1
.7

0
-5

5
.6

7
-3

.3
3
8

4
0
.1

2
-1

6
7
.3

-1
0
.3

1
2
6
.1

6
-1

0
6
.2

(3
4
.1

4
)

(4
5
.6

3
)

(8
3
.5

1
)

(4
8
.8

9
)

(5
3
.0

0
)

(1
1
1
.4

)
(4

7
.5

2
)

(5
7
.4

3
)

(1
5
5
.1

)
(7

3
.2

1
)

(7
4
.1

3
)

(1
6
7
.9

)

M
e
a
n

C
o
st

-I
n
c
o
m

e
-R

a
ti

o
(0

)
-0

.1
7
4
*
*
*

-0
.2

3
5
*
*
*

-0
.2

4
9
*
*

-0
.2

3
4
*
*
*

-0
.2

7
9
*
*
*

0
.0

2
2
5

-0
.4

2
0

-0
.5

3
4

-0
.9

4
5

-0
.6

5
9

-0
.1

3
6

-0
.1

5
9

(0
.0

5
9
2
)

(0
.0

7
8
6
)

(0
.1

1
4
)

(0
.0

8
4
4
)

(0
.0

9
3
8
)

(0
.1

4
7
)

(0
.2

8
4
)

(0
.3

2
8
)

(0
.5

7
7
)

(0
.4

5
6
)

(0
.4

6
2
)

(0
.5

2
5
)

M
e
a
n

L
o
ss

P
ro

v
is

io
n
s

(0
)

-0
.6

8
4

-0
.0

4
0
5

-4
.1

9
1

-2
.0

4
1

-6
.2

5
1

1
.7

5
2

-6
.3

0
7

-6
.6

8
9

-1
3
.5

1
-4

1
.3

7
-2

2
.3

2
-1

.1
2
9

(3
.3

9
3
)

(4
.4

1
7
)

(8
.7

6
5
)

(5
.4

7
6
)

(7
.3

4
2
)

(5
.2

4
2
)

(3
.9

5
6
)

(4
.3

9
7
)

(1
5
.4

1
)

(3
2
.4

2
)

(3
0
.9

4
)

(4
.8

0
0
)

C
o
n
t
e
m

p
o
r
a
r
y

V
a
r
ia

b
le

s

L
iq

u
id

it
y

R
is

k
0
.0

1
3
0
*
*
*

0
.0

1
0
2
*
*

-0
.0

0
1
4
1

0
.0

1
2
7

0
.0

1
5
8
*
*

-0
.0

7
7
9

0
.0

3
1
9
*
*
*

0
.0

1
0
7

0
.1

1
4
*
*

0
.0

1
1
5

0
.0

2
4
3
*

-0
.2

4
1

(0
.0

0
2
4
8
)

(0
.0

0
4
2
2
)

(0
.0

0
7
7
2
)

(0
.0

0
9
0
1
)

(0
.0

0
6
3
4
)

(0
.1

3
3
)

(0
.0

0
7
9
8
)

(0
.0

3
1
7
)

(0
.0

4
7
0
)

(0
.0

3
9
7
)

(0
.0

1
2
6
)

(0
.1

9
0
)

N
e
t

E
x
c
e
ss

R
e
se

rv
e
s

-0
.0

1
2
2
*
*
*

-0
.0

0
1
9
9

-0
.0

0
6
1
3
*
*

-0
.0

2
1
4
*
*

-0
.0

4
0
0
*
*
*

-0
.1

7
1
*
*

(0
.0

0
1
9
6
)

(0
.0

0
2
8
6
)

(0
.0

0
2
6
4
)

(0
.0

0
8
6
9
)

(0
.0

0
6
4
2
)

(0
.0

7
5
4
)

L
iq

u
id

it
y

Im
b
a
la

n
c
e
s

4
.4

2
e
-1

0
*
*
*

-7
.8

3
e
-1

0
-5

.6
8
e
-1

0
2
.0

7
e
-1

0
8
.1

0
e
-1

0
*
*
*

1
.4

6
e
-1

0
2
.7

1
e
-1

0
*

-9
.9

9
e
-1

0
-4

.8
5
e
-1

1
1
.4

3
e
-1

2
5
.8

2
e
-1

0
*
*

6
.1

9
e
-0

9
*

(1
.0

1
e
-1

0
)

(5
.6

9
e
-1

0
)

(3
.5

5
e
-1

0
)

(3
.5

4
e
-1

0
)

(1
.7

2
e
-1

0
)

(9
.6

0
e
-1

0
)

(1
.4

7
e
-1

0
)

(7
.7

7
e
-1

0
)

(4
.4

9
e
-1

0
)

(5
.1

9
e
-1

0
)

(2
.6

3
e
-1

0
)

(3
.4

9
e
-0

9
)

V
o
la

ti
li
ty

o
v
e
rn

ig
h
t

R
e
p

o
ra

te
0
.7

2
8
*
*
*

1
.3

1
5
*
*

0
.7

4
6
*

-0
.2

5
2

-1
.5

2
5
*

-2
.4

6
8

0
.8

2
0
*
*
*

0
.8

5
0

0
.9

7
8
*

-0
.1

5
1

-1
.4

9
3

-7
.1

9
1

(0
.1

5
8
)

(0
.5

2
1
)

(0
.4

0
9
)

(0
.3

4
0
)

(0
.9

1
1
)

(7
.8

9
9
)

(0
.2

1
2
)

(0
.6

9
3
)

(0
.5

4
3
)

(0
.4

5
7
)

(1
.2

4
3
)

(8
.8

7
4
)

C
o
u
n
te

rp
a
rt

y
C

re
d
it

R
is

k
0
.4

6
1
*
*
*

0
.4

9
3
*
*
*

0
.2

5
5

0
.9

7
1
*
*
*

0
.9

7
3

3
.9

6
1
*
*
*

0
.4

1
6
*
*
*

0
.9

8
4
*
*
*

0
.1

3
4

0
.9

8
6
*
*
*

0
.0

5
0
7

0
.9

6
6

(0
.0

7
6
5
)

(0
.1

8
0
)

(0
.3

3
0
)

(0
.1

4
7
)

(0
.7

6
0
)

(1
.0

4
3
)

(0
.1

0
1
)

(0
.2

4
4
)

(0
.4

3
2
)

(0
.2

1
3
)

(1
.1

0
7
)

(1
.6

4
4
)

D
is

ta
n
c
e

M
L

F
E

u
re

p
o

0
.0

6
2
5

0
.2

6
1

0
.0

9
5
3

-0
.4

3
1
*
*
*

-2
.3

5
6
*
*
*

-6
.5

9
1

0
.1

6
7
*
*
*

0
.5

2
3

0
.1

1
4

-0
.5

6
6
*
*
*

-1
.9

4
9

0
.5

9
6

(0
.0

3
8
6
)

(0
.2

4
5
)

(0
.0

9
8
7
)

(0
.1

4
8
)

(0
.9

0
7
)

(4
.0

8
5
)

(0
.0

5
1
3
)

(0
.3

4
3
)

(0
.1

4
2
)

(0
.2

1
0
)

(1
.2

8
4
)

(6
.0

0
2
)

G
e
rm

a
n

F
ix

e
d

In
c
o
m

e
V

o
la

ti
li
ty

0
.2

9
3
*
*
*

0
.1

9
0

0
.0

9
5
5

-0
.0

9
9
8

0
.4

6
5

2
.6

6
9

0
.3

8
1
*
*
*

0
.2

7
4

0
.0

8
4
8

-0
.1

5
2

0
.3

0
7

0
.6

5
0

(0
.0

4
0
1
)

(0
.1

3
2
)

(0
.0

9
1
2
)

(0
.1

7
1
)

(0
.2

9
3
)

(1
.6

3
3
)

(0
.0

5
2
5
)

(0
.1

7
3
)

(0
.1

2
1
)

(0
.2

3
2
)

(0
.3

8
6
)

(1
.9

0
9
)

E
C

B
L

iq
u
id

it
y

P
o
li
c
y

In
d
ic

a
to

r
-0

.0
6
9
4
*
*

-0
.5

4
3
*
*
*

-0
.3

5
8
*

-0
.1

1
8

0
.3

7
8
*
*
*

2
.6

0
8

-0
.1

0
4
*
*
*

-0
.5

6
1
*
*

-0
.6

9
1
*
*

0
.1

0
2

0
.2

9
7

5
.9

8
0
*

(0
.0

2
7
5
)

(0
.1

8
2
)

(0
.1

9
8
)

(0
.1

0
5
)

(0
.1

4
1
)

(2
.1

2
3
)

(0
.0

3
7
6
)

(0
.2

4
3
)

(0
.2

7
0
)

(0
.1

5
4
)

(0
.2

0
1
)

(3
.3

3
3
)

L
a
st

d
a
y

o
f

re
se

rv
e

m
a
in

te
n
a
n
c
e

p
e
ri

o
d

0
.5

0
9
*
*
*

0
.8

6
6
*
*
*

0
.3

2
7
*
*

0
.5

0
6
*
*
*

0
.5

3
6
*
*

0
.6

7
4

0
.7

1
5
*
*
*

1
.0

9
9
*
*
*

0
.6

0
0
*
*
*

0
.7

1
2
*
*
*

1
.0

7
4
*
*
*

-0
.4

5
0

(0
.0

3
1
3
)

(0
.0

6
0
7
)

(0
.1

6
1
)

(0
.0

6
3
4
)

(0
.2

5
8
)

(0
.8

2
9
)

(0
.0

3
9
8
)

(0
.0

7
7
4
)

(0
.2

0
7
)

(0
.0

8
4
4
)

(0
.3

7
6
)

(1
.3

0
1
)

S
u
m

m
a
r
y

S
t
a
t
is

t
ic

s

T
im

e
F

ix
e
d

E
ff

e
c
ts

(T
F

E
)

n
o

y
e
s

y
e
s

y
e
s

y
e
s

y
e
s

n
o

y
e
s

y
e
s

y
e
s

y
e
s

y
e
s

O
b
se

rv
a
ti

o
n
s

1
3
3
1
9
2
2

4
7
2
2
3
2

1
5
2
0
3
4

3
2
9
6
8
0

3
3
9
7
4
6

3
9
0
3
8

4
1
3
6
0
4

1
4
5
9
2
6

4
7
0
7
4

1
0
2
3
6
3

1
0
6
0
1
3

1
2
2
3
3

A
v
g
.

O
b
se

rv
a
ti

o
n
s

p
e
r

ID
7
6
1

2
7
0
.2

8
9
.6

4
1
9
5
.0

2
0
6
.0

2
3
.9

5
7
6
6

2
7
0
.2

8
9
.3

2
1
9
5
.3

2
0
5
.9

2
3
.9

9

D
e
g
.

o
f

fr
e
.

(m
o
d
e
l)

2
6

3
9

2
9

3
5

3
6

2
7

2
4

3
8

2
8

3
4

3
4

2
5

L
o
g

li
k
e
li
h
o
o
d

-8
4
8
8
.4

-2
5
9
8
.0

-1
5
8
3
.3

-2
0
7
8
.3

-1
5
9
2
.8

-2
4
8
.6

-4
7
9
1
.7

-1
4
9
4
.3

-8
6
1
.0

-1
1
0
8
.7

-8
5
7
.1

-1
5
6
.6

S
ta

n
d
a
rd

e
rr

o
rs

in
p
a
re

n
th

e
se

s

*
p
¡0

.1
,

*
*

p
¡0

.0
5
,

*
*
*

p
¡0

.0
1

31



T
a
b

le
7
:

R
ob

u
st

n
es

s
R

es
u

lt
-

M
o
d

el
in

g
th

e
M

L
F

re
co

u
rs

e
fo

r
th

e
p

re
-c

ri
si

s
ti

m
e

u
si

n
g

st
ru

ct
u

ra
l

fa
ct

o
rs

ca
lc

u
la

te
d

ov
er

th
e

tr
a
n

q
u

il
p

h
a
se

0
1
/
2
0
0
4

-
1
2
/
2
0
0
5

T
h
is

ta
b
le

p
re

se
n
ts

th
e

e
m

p
ir

ic
a
l

re
su

lt
s

fo
r

M
o
d
e
l

4
(a

)
a
n
d

4
(b

)
fo

r
th

e
k
e
y

li
q
u
id

it
y

a
n
d

b
a
la

n
c
e

sh
e
e
t

v
a
ri

a
b
le

s
c
a
lc

u
la

te
d

o
v
e
r

th
e

p
e
ri

o
d

J
a
n
u
a
ry

2
0
0
4

to
D

e
c
e
m

b
e
r

2
0
0
5

u
si

n
g

a
p

o
o
le

d
p
ro

b
it

re
g
re

ss
io

n
w

it
h

ro
b
u
st

st
a
n
d
a
rd

e
rr

o
rs

fo
r

e
st

im
a
ti

n
g

th
e

li
k
e
li
h
o
o
d

th
a
t

a
b
a
n
k

w
il
l

u
se

th
e

M
L

F
o
f

th
e

E
u
ro

sy
st

e
m

.
S
in

c
e

w
e

h
a
v
e

n
o
t

su
ffi

c
ie

n
t

d
a
ta

p
o
in

ts
to

c
o
n
st

ru
c
t

m
e
a
n
in

g
fu

l
st

ru
c
tu

ra
l

m
e
a
n
s

fo
r

th
e

p
ro

fi
t

a
n
d

lo
ss

m
e
a
su

re
s,

w
e

e
x
c
lu

d
e

th
e
se

v
a
ri

a
b
le

s
in

M
o
d
e
l

4
c
o
m

p
le

te
ly

.
T

h
e

k
e
y

c
o
lu

m
n

in
th

is
ta

b
le

is
”
2
0
0
6
/
2
0
0
7
”

w
h
ic

h
sh

o
w

s
th

e
re

su
lt

s
o
f

h
o
w

o
u
r

k
e
y

e
x
p
la

n
a
to

ry
v
a
ri

a
b
le

s,
c
a
lc

u
la

te
d

o
v
e
r

th
e

tr
a
n
q
u
il

p
e
ri

o
d

J
a
n
u
a
ry

2
0
0
4

-
D

e
c
e
m

b
e
r

2
0
0
5
,

p
e
rf

o
rm

e
d

in
p
re

d
ic

ti
n
g

a
M

L
F

re
c
o
u
rs

e
fo

r
th

e
a
ls

o
tr

a
n
q
u
il

p
e
ri

o
d

b
e
tw

e
e
n

J
a
n
u
a
ry

2
0
0
6

-
A

u
g
u
st

2
0
0
7
.

T
h
e

d
e
p

e
n
d
e
n
t

v
a
ri

a
b
le

is
e
q
u
a
l

to
1

fo
r

a
si

n
g
le

b
a
n
k

if
a
t

le
a
st

o
n
e

M
L

F
re

c
o
u
rs

e
w

a
s

o
b
se

rv
e
d

in
th

e
re

sp
e
c
ti

v
e

ti
m

e
p

e
ri

o
d
.

T
h
e

b
id

d
in

g
b
a
n
k
s

re
g
re

ss
io

n
,

M
o
d
e
l

4
(b

)
o
n
ly

c
o
n
si

d
e
rs

th
o
se

b
a
n
k
s

w
h
ic

h
p
a
rt

ic
ip

a
te

d
a
t

le
a
st

o
n
c
e

in
a

m
a
in

re
fi

n
a
n
c
in

g
o
p

e
ra

ti
o
n

b
e
fo

re
th

e
e
n
d

o
f

D
e
c
e
m

b
e
r

2
0
0
5
.

D
u
e

to
sp

a
c
e

re
st

ri
c
ti

o
n
s,

th
e

c
o
e
ffi

c
ie

n
ts

fr
o
m

th
e

b
a
n
k
in

g
g
ro

u
p

d
u
m

m
y

v
a
ri

a
b
le

s
(B

G
R

)
a
re

o
m

it
te

d
fr

o
m

th
is

ta
b
le

. M
o
d
e
l

4
(
a
)

(
A

ll
b
a
n
k
s

in
t
h
e

s
a
m

p
le

)
M

o
d
e
l

4
(
b
)

(
B

id
d
in

g
b
a
n
k
s

o
n
ly

)

2
0
0
6
/
2
0
0
7

S
u
b
p
ri

m
e

L
e
h
m

a
n

P
o
st

-L
e
h
m

a
n

S
o
v
e
re

ig
n

P
o
st

-S
o
v
e
re

ig
n

2
0
0
6
/
2
0
0
7

S
u
b
p
ri

m
e

L
e
h
m

a
n

P
o
st

-L
e
h
m

a
n

S
o
v
e
re

ig
n

P
o
st

-S
o
v
e
re

ig
n

L
iq

u
id

it
y

M
e
a
n

V
a
r
ia

b
le

s

M
e
a
n

L
iq

u
id

it
y

R
is

k
(2

0
0
4
/
2
0
0
5
)

0
.1

5
8
*
*

0
.3

1
0
*
*
*

0
.1

2
5

0
.7

5
6
*
*
*

0
.8

5
6
*
*
*

0
.4

4
9
*
*

(0
.0

7
5
7
)

(0
.0

8
3
1
)

(0
.0

8
6
8
)

(0
.1

7
0
)

(0
.1

8
0
)

(0
.2

1
3
)

M
e
a
n

F
u
lfi

ll
m

e
n
t

R
a
ti

o
(2

0
0
4
/
2
0
0
5
)

-0
.1

9
5
*
*

-0
.3

7
9
*
*
*

-0
.1

5
4

-0
.9

2
0
*
*
*

-1
.0

9
9
*
*
*

-0
.9

7
6
*
*

(0
.0

9
1
1
)

(0
.1

0
0
)

(0
.1

0
4
)

(0
.2

0
6
)

(0
.2

9
2
)

(0
.4

1
9
)

M
e
a
n

M
D

F
(2

0
0
4
/
2
0
0
5
)

0
.1

0
5

0
.0

5
6
2

0
.0

2
4
0

-0
.0

4
1
7

-0
.4

7
5

-0
.6

9
7

(0
.0

7
8
5
)

(0
.0

4
2
8
)

(0
.0

4
9
6
)

(0
.0

7
4
7
)

(0
.5

1
9
)

(1
.9

6
2
)

M
e
a
n

D
IS

T
(2

0
0
4
/
2
0
0
5
)

0
.2

3
7

-0
.3

1
1

-1
.0

2
0

-0
.3

2
2

0
.7

4
0

-0
.6

5
3

(0
.6

6
7
)

(0
.6

3
7
)

(0
.6

5
1
)

(0
.6

7
6
)

(0
.7

6
6
)

(0
.9

2
8
)

B
a
la

n
c
e

S
h
e
e
t

M
e
a
n

V
a
r
ia

b
le

s

M
e
a
n

S
iz

e
in

lo
g
s

(2
0
0
4
/
2
0
0
5
)

3
.6

9
e
-0

9
6
.2

7
e
-0

9
*

7
.0

0
e
-0

9
*

8
.0

2
e
-0

9
*
*

6
.7

9
e
-0

9
*

-1
.0

1
e
-0

9
1
.2

1
e
-0

9
2
.5

2
e
-0

9
5
.3

2
e
-0

9
6
.5

9
e
-0

9
*

4
.4

5
e
-0

9
-1

.9
8
e
-0

9

(2
.6

4
e
-0

9
)

(3
.7

3
e
-0

9
)

(3
.7

6
e
-0

9
)

(3
.7

8
e
-0

9
)

(3
.8

4
e
-0

9
)

(4
.0

4
e
-0

9
)

(2
.8

1
e
-0

9
)

(3
.4

1
e
-0

9
)

(3
.8

3
e
-0

9
)

(3
.7

5
e
-0

9
)

(3
.7

5
e
-0

9
)

(4
.0

5
e
-0

9
)

M
e
a
n

E
q
u
it

y
R

a
ti

o
(2

0
0
4
/
2
0
0
5
)

1
.1

4
4

0
.4

2
1

1
.3

0
8

-1
.1

1
7

0
.6

7
4

1
.0

5
0

0
.7

9
6

0
.2

6
8

1
.2

0
4

1
.2

5
0

1
.3

9
0

0
.3

5
8

(0
.9

3
1
)

(0
.9

4
6
)

(1
.0

1
2
)

(1
.1

0
4
)

(1
.0

5
9
)

(1
.3

0
1
)

(1
.8

8
7
)

(2
.0

1
5
)

(2
.0

0
8
)

(2
.0

9
5
)

(1
.9

8
5
)

(2
.0

9
9
)

M
e
a
n

In
te

rb
a
n
k

O
b
li
g
a
ti

o
n
s

(2
0
0
4
/
2
0
0
5
)

0
.4

6
1

0
.6

8
5
*
*

0
.6

8
6
*

-0
.2

7
6

-0
.2

3
0

0
.5

0
1

0
.2

4
2

0
.3

4
8

0
.7

9
6

-0
.2

6
7

-0
.3

0
0

0
.0

3
2
0

(0
.3

2
6
)

(0
.3

3
6
)

(0
.3

6
4
)

(0
.3

6
6
)

(0
.4

0
6
)

(0
.5

8
4
)

(0
.6

1
9
)

(0
.6

4
3
)

(0
.6

7
2
)

(0
.6

6
7
)

(0
.7

1
0
)

(0
.9

3
0
)

B
G

R
o
m

it
te

d
o
m

it
te

d
o
m

it
te

d
o
m

it
te

d
o
m

it
te

d
o
m

it
te

d
o
m

it
te

d
o
m

it
te

d
o
m

it
te

d
o
m

it
te

d
o
m

it
te

d
o
m

it
te

d

C
o
n
st

a
n
t

-1
.0

3
8

-2
.2

4
2
*

-2
.9

8
4
*
*

-1
.7

3
4

-1
.6

9
2

-1
.1

6
9
*
*
*

-0
.3

4
6

-0
.7

0
9

-1
.5

8
9

-0
.7

8
8

-1
.2

7
7

0
.1

3
7

(0
.7

7
8
)

(1
.1

7
4
)

(1
.2

4
2
)

(1
.2

3
5
)

(1
.2

3
5
)

(0
.4

3
6
)

(1
.0

3
8
)

(1
.1

5
6
)

(1
.3

4
8
)

(1
.3

4
3
)

(1
.3

6
3
)

(0
.9

0
3
)

S
u
m

m
a
r
y

S
t
a
t
is

t
ic

s

O
b
se

rv
a
ti

o
n
s/

N
o
.

o
f

b
a
n
k
s

1
8
6
1

1
7
9
0

1
7
3
7

1
7
3
3

1
6
8
9

1
6
6
7

5
2
8

5
1
6

5
0
3

5
0
2

4
9
2

4
8
5

D
e
g
.

o
f

fr
e
.

(m
o
d
e
l)

1
2

1
1

1
1

1
2

1
2

1
1

1
1

1
0

1
0

1
1

1
1

1
0

L
o
g

li
k
e
li
h
o
o
d

-3
8
3
.5

-4
0
5
.7

-4
1
2
.4

-4
8
6
.1

-3
7
4
.4

-1
4
8
.4

-1
9
8
.9

-1
9
7
.8

-1
6
7
.0

-1
6
5
.7

-1
5
2
.0

-7
9
.4

4

P
se

u
d
o

R
2

0
.2

5
1

0
.2

5
7

0
.1

1
7

0
.1

2
6

0
.1

6
0

0
.1

9
8

0
.1

6
4

0
.2

2
9

0
.1

6
2

0
.1

9
7

0
.1

8
5

0
.2

3
8

S
ta

n
d
a
rd

e
rr

o
rs

in
p
a
re

n
th

e
se

s

*
p
<

0
.1

,
*
*

p
<

0
.0

5
,

*
*
*

p
<

0
.0

1

32


