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Introduction

For two decades, monetary policies have undergone profound changes, the latest being the

widespread use of unconventional policies in advanced economies. The same can be said of

characteristics of �nancing and intermediation systems. The �rst observation is the subject

of many recent works. The second is less frequently considered, mainly in empirical studies

referring to securitized credit and intermediation in the United States. The aim of this paper is

to provide a theoretical model of complex �nancial intermediation with a central bank.

Despite the rise of a speci�c empirical literature, theoretical models of �nancial intermediation

typically operate on the assumption of simple intermediation chains: �rms have �nancing needs,

which are met through credit corresponding to households �nancing capacities. The risks as-

sociated with this intermediation activity result from the necessary maturity transformation,

i.e. �to transform illiquid assets into liquid liabilities� as in Diamond & Dybvig (1984). Re-

cent theoretical models are still based on this assumption: for example, the interbank credit

rationing model of Freixas & Jorge (2008) or the endogenous liquidation cost model of Stein

(2012) describe a liquidity shock on bank balance sheets, resulting from a run of households on

demand deposits, while loans are granted only to �rms1.

However, the features of intermediation in advanced economies are far from this scheme. First,

the role of the arbitrage between bank deposits and direct holdings of Treasury securities does not

seem decisive in the explanation of recent liquidity shocks on banks balance sheets (Strahan,

2012). Second, the �rms �nancing needs are met to a large extent by intermediation in the

broad sense (securities purchases by �nancial institutions), rather than credit. In both cases

funding supply might be characterized by a complex relationship between prices and quantities

in times of �nancial strains. Finally, households credits are an increasing part of both banks'

balance sheets and total outstanding credits (Büyükkarabacak & Valev, 2010). This generates

a speci�c double risk. On the one hand, defaults on households credits are sensitive to the

output gap and interest rate risk (Benford & Nier 2007; Daglish, 2009). On the other hand,

the massive occurrence of defaults is more frequent when banks do not hold credit portfolios

(Berndt & Gupta, 2009; Maddaloni & Peydro, 2011; Purnanandam, 2011). This occurence

generates simultaneous spread and liquidity shocks in the corresponding complex assets markets,

and these shocks are transmitted in the short-term to interbank markets and then the whole

�nancing systems (Krishnamurthy, 2010).

For these reasons, I propose a theoretical model of �nancial intermediation, de�ned by the

importance of households credits within banks' balance sheets and total outstanding credits, and

the degree of intermediation of corporate �nance. The segments of the system are characterised

by complex relationships between prices and volumes in times of �nancial strains, with the

possibility that a persistent rationing in the interbank market increases the initial deterioration

in funding conditions in other segments. The central bank conducts a monetary policy combining

1These mechanisms are also common in DSGE models explicitly taking into account intermediation activity:
demand deposits and direct holding of riskless government securities are perfect substitutes (Curdia & Woodford,
2009 and 2010; Gertler & Karadi, 2011); business loans are �nanced by household deposits (Gertler & Karadi,
2011).
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an augmented Taylor-type rule, liquidity injections and assets purchases. This results in two

conclusions. First, the model highlights that, beyond the issue of the augmented Taylor rule,

the importance given to the output gap a�ects �nancial stability. Second, the characteristics

of intermediation determine the sharing of interest rate risk on credits between banks and

borrowers, and thus the magnitude of shocks and modalities of the resulting monetary policy.

The paper is organized as follows: Section 1 focuses on recent developments of �nancial interme-

diation in advanced economies. The survey is the subject of Section 2. The model is presented

in sections 3 (environment and actors) and 4 (e�ects of a shock on households credits defaults,

depending on the characteristics of the intermediation system and preferences of the central

bank).

1 Stylised facts of �nancial intermediation in advanced

economies

The stylized facts of intermediation in advanced economies show that some of the usual hy-

potheses of theoretical models must be questioned. The �rst of these is that households credits

are generally not taken into account (Figures 1 to 42). With respect to the funding system

as a whole (credit and securities markets), the subject of the relationship between prices and

volumes in periods of �nancial strains appears to be critical (Figures 5 to 9). To conclude the

section, we discuss the link between the various intermediation schemes and forms of the Taylor

rule, in order to found the central bank rule in the model (Figure 10).

The �rst usual hypothesis which is problematic in the formalization of recent �nancial crises in

advanced economies is the assimilation of banks credit portfolios to business credits. In fact,

households credits represent 40% of banking intermediation activity in France and Spain and

up to 80% in the United States, as shown in Figure 1. Furthermore, with the exception of

Germany, where the weight of households credits is high compared to France or Spain, this

share is growing.

In detail, Figures 2 (France), 3 (Germany) and 4 (United States) give an overview of the main

characteristics of households credits and resulting vulnerabilities of bank assets. The �rst notable

di�erence is the size of banks credits to non-�nancial agents, in comparison with banks assets:

about one third in France, one half in Germany and 60% in the United States (Figures 2b, 3b

and 4b). In addition, in France and Germany, the value of these credit portfolios increases less

rapidly than that of securities portfolios. On the contrary, in the United States, the ratio is at

best stable, indicating a similar growth in the value of credit portfolios and securities; and at

worst increasing between 2003 and 2005, in contrast to France and Germany.

The second major �nding is the comparison between total households credits and total out-

standing credits to non-�nancial agents in banks balance sheet (Figures 2a, 3a, 4a): while the

former is about one half of the latter in France and Germany, it is more than 160% in the

2All the �gures are presented in the Appendix.
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United States in 2007. Therefore, it is necessary to consider speci�cally households credits, in

and outside of the traditional banking system, in formulating the intermediation scheme and

central bank rule.

As regards the composition of households credits portfolios by term (Figures 2c, 3c, 4c) and

destination (Figures 2d, 3d, 4d), there are again structural di�erences. In France and Germany,

the share of short-term loans (with a maturity of less than 1 year) is very low when it is

about one quarter in the United States. Moreover, long-term credits in France and Germany

are characterised by a more diversi�ed structure than in the United States, where they are

almost exclusively composed of housing credits3. Finally, there are two distinct models. In the

"European" model, households credits portfolios are a priori less sensitive to default risk (low

proportion of short-term credits, diversi�ed long-term credits). In the "American� model, they

are more sensitive (relatively large proportion of short-term credits, almost no diversi�cation of

long-term credit portfolios in the long term). Following the assumption of Benford & Nier (2007)

of a procyclicality of households credits defaults, it appears that the corresponding probability

may be an endogenous variable in the model, function of whether they are held by the banking

system or outside.

Turning to the �nancing system as a whole (credit and securities markets), the problem of the

relationship between prices and quantities in times of �nancial strains appears to be crucial

(Figures 5 à 9). Indeed, the shape of the funding supply function determines the e�ects of a

positive shock on the cost of capital. Depending on the sign of the relationship, this shock

may or not result in an excess funding demand. The experience of the current global crisis

precisely leads to the conclusion that higher costs of capital are experienced simultaneously

with a reduction of its availability in periods of high �nancial strains.

The data presented here concern the eurozone interbank market (2002-2012, Figure 5), credit

markets (2003-2013, Figures 6 and 7), bonds (2003-2013, Figure 8) and equities markets (2005-

2011, Figure 9). In all segments, in the �rst stage of the crisis (labeled as phase I in the

graphs), there is indeed a negative relationship between prices and volumes: i.e. the simultane-

ous occurrence of a positive shock on the cost of capital and a reduction of its availability. This

negative relationship between prices and volumes appears in the case of credit but also securities

markets. This observation justi�es that funding supply functions in the model are negatively

related to prices in the context of high �nancial strains. The magnitude of the resulting output

gap depends on the characteristics of �nancial intermediation and shapes of the funding supply

function in the di�erent credit and securities markets.

In credit and securities markets (Figures 6 à 9), the second stage of the crisis (labeled as stage II

in the graphs) shows, after a period of rising prices and decreasing volumes, a period of falling

prices in which volumes keep decreasing. Funding supply, therefore, decreases with the rise in

prices in the �rst stage of the crisis (I), and keeps decreasing in the second stage (II) when prices

fall. Our hypothesis, based on the theoretical model of interbank credit rationing of Freixas &

3Moreover, while in France and Germany variable rate loans accounted for 15% of new loans in 2007 (ECB,
2009), in the United States for the same year these loans represented 45% of total mortgage loans (New York
Fed, 2010). This is not an unusually high value since the proportion exceeds 65% in 1994-1995.
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Jorge (2008), is that there is a link between this uninterrupted decline in funding supply and

the persistent dysfunction of the interbank market, which is obvious here (Figure 5, phase II).

The existence of this connection between the persistence of an excess funding demand in the

interbank market and the deterioration of funding conditions in the other segments of the system

is a key hypothesis of the model.

In conclusion of the stylized facts, we establish a connection between the features of �nancial

intermediation and a set of estimations of the Taylor rule which compares the ECB, FED and

BOE and includes tests of the augmented4 (with an indicator of �nancial conditions) setting

(Castro, 2011). This approach (Figure 10) shows that the relevant form of the Taylor rule

depends on the characteristics of �nancial intermediation. Thus, in the United States, the

proportion of households credits in banking intermediation is particularly high. A low output

gap thus meets a critical condition for �nancial stability, since unemployment and consequently

households failures are directly related to this gap. Therefore, the central bank could indirectly

achieve �nancial stability by using a non-augmented Taylor rule. Actually, the tests do not

support the hypothesis of an augmented rule.

In the Eurozone, the proportion of households credits in banking intermediation is lower. Achiev-

ing �nancial stability requires to extend the range of the indicators that are taken into account

beyond the simple Taylor rule. In practice, the tests validate the hypothesis of an augmented

Taylor rule, with a �nancial conditions indicator. This setting is associated with a value of

the output gap parameter which is signi�cantly lower than in the general (i.e. non-augmented)

settings. Finally, in the case of the UK, the proportion of households credits is relatively high, as

in the United States. Achieving a low output gap thus partly creates the conditions for �nancial

stability, and only one component of the �nancial conditions indicator which was tested (the

credit spread) appears to be signi�cant in monetary policy decisions. Combining these two sets

of informations thus indicates a link between, on the one hand, the characteristics of �nancial

intermediation in general and the proportion of households credits in particular; and on the

other hand, the modalities of taking into account the �nancial stability objective by the three

central banks.

Finally, the study of stylized facts brings up three key features. First, in times of high �nan-

cial strains, all market segments can be characterized by higher prices simultaneously with a

reduction in the availability of capital. In a second stage, the persistent dysfunction of the inter-

bank market strengthens the funding rationing. Second, there are, schematically, two types of

�nancial intermediation models concerning households credits. In the �rst model, these credits

largely exceed total bank credits and are a priori more sensitive to default risk due to their

composition. In the second model, their volume is signi�cantly lower than total bank credits

and their composition makes them less sensitive to default risk. Finally, in the �rst case, central

banks would rather conduct a simple Taylor rule; and in the second case, an augmented Taylor

rule including a �nancial conditions indicator.

4The general and augmented Taylor rule settings are discussed in detail in the survey.
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2 Survey

Let us consider these three points. The �rst two concern the intermediation model, respectively

with regards to banks assets, and the price-sensitivity of funding supply in the di�erent seg-

ments of the �nancial system. The third point concerns the resulting monetary policy choices.

Our purpose is to incorporate these mechanisms in a simple5 theoretical model of �nancial in-

termediation with a central bank, in order to describe the management of a crisis generated

by an unanticipated shock on households credits failures. To this end, we introduce a distinc-

tion for credit markets between households and �rms from the perspective of borrowers, and

between banks and non monetary �nancial institutions from the perspective of lenders. Thus,

it is possible to take into account the roles of both households credits and shadow banking

(Büyükkarabacak & Valev, 2010; Adrian & Shin, 2010).

As regards the trigger mechanism of the initial shock, the recent theoretical literature remains

based on the principle of an arbitrage between bank deposits and direct holdings of Treasury

securities as a source of liquidity shocks a�ecting the banking sector (Freixas & Jorge, 2009;

Stein, 2012). Alternatively, the empirical literature (Adrian & Shin, 2010) discusses the existence

of shocks to banks balance sheets which are actually linked to households behaviour but resulting

from shocks on credit defaults, and not bank runs (Beck & al, 2008, Büyükkarabacak Valev &

2010). Theses defaults are speci�cally sensitive to the output gap and interest rate risk (Benford

& Nier 2007; Daglish, 2009). Their magnitude also depends on the modalities of �nancial

intermediation (Berndt & Gupta, 2009; Maddaloni & Peydro 2011 Purnanandam, 2011). In

particular, securitized loans are subject to a higher default risk than other credits6.

As regards the ultimate origin of the shock on households credits portfolios, formalisation must

take into consideration both private agents behaviours, within the intermediation model, and

monetary policy decisions. The literature relating to the crisis of 2007-2008 illustrates this

dual causality. On the one hand, the modalities of �nancial intermediation have dramatically

changed, due to "supply shocks" on monetary aggregates. These shocks are related to the be-

haviour of commercial banks (Goodhart, 2007) in the context of an increased liquidity resulting

from international balance of payments imbalances. On the other hand, while these arguments

tend to mitigate the responsibility of central banks in general and FED in particular, part of the

recent empirical literature, based on the theory of the credit channel transmission of monetary

policy (Bernanke & Gertler, 1995), calls into question changes in policy behaviour (e.g., with

policy more focused on price stability, Boivin et al., 20107). Thus, in our model, the shock on

5Our purpose is not to build a general equilibrium model, which are typically not adapted to our issues
because they do not su�ciently address the issue of interbank risk premia (focusing on non-�nancial agents /
banks relationships at the expense of the relationship between banks) and consequences of reaching the zero lower
bound (Carré, 2011). We propose a simple model of �nancial intermediation, with a central bank conducting an
unconventional monetary policy.

6Moreover, concerning liabilities of banks balance sheets, according to Purnanandam (2011), the link between
securitization and credit defaults is enhanced when banks use little traditional deposit funding. This validates
the principle of the theoretical model of Stein (2012), where the cost of liquidating assets is endogenous and
positively related to the proportion of banks short term funding.

7The authors use a DSGE model taking into account "non-neoclassical" channel (i.e. credit channel) of
monetary policy transmission. Their results suggest that monetary policy innovations and the e�ect of these
changes on expectations, combined with changes in the regulatory environment, explain to a large extent that
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households credits defaults is triggered by the decision of the central bank to raise the o�cial

interest rate, in accordance with the monetary policy rule. Then, the characteristics of �nancial

intermediation determine the consequences of this shock, which will threaten the whole �nancial

system if households and �rms are already fragile, respectively as regards interest rate risk on

outstanding loans and funding supply features.

The sequence of the model then presents the main stylized facts of the global crisis: the shock on

variable rate loans leads to a deterioration of �nancing conditions in the corresponding complex

securities market and, therefore, in the interbank market (Caruana & Kodres, 2008). Finally,

the whole �nancing system is disrupted by a decrease in funding supply and increase in the

cost of capital (Krishnamurthy 2010). This unusual con�guration of funding supply is, however,

fully in line with the principles of the credit (in case of a positive shock on the cost of capital,

credit availability is reduced by the enhancement of informational asymmetries between lenders

and borrowers; Bernanke & Gertler, 1995) and risk-taking (credit availability is reduced by the

increasing risk aversion of lenders; Borio & Zhu, 2008; Gambacorta, 2009) channels of monetary

policy transmission. Credit and securities markets are a�ected at various degrees (Cardarelli et

al., 2011), taking into account that the procyclicality of credit may be positively related to the

complexity of the �nancial system (Cornett et al. 2011). The magnitude of these dysfunctions

determines the content and extent of �scal and monetary policy measures, both directly, and

via the resulting output gap (Gerali et al., 2010; Helbling and al., 2011; Hristov et al., 2012).

Regarding the central bank, beyond the issue of its responsibility in triggering the initial shock,

the model must meet a speci�c constraint: the monetary policy rule has to describe decisions in

both crises and non-crises times. A Taylor-type rule (Taylor, 1993) can achieve this objective.

The precise formulation remains to be determined. The widespread use of this rule is mainly

based on its simplicity, which is both its strength and limit. In addition to the questions of the

proper formulations of in�ation and output variables, and the values of the di�erent central banks

coe�cients, two central issues are addressed in the literature. The �rst issue is the hypothesis

of a nonlinear and/or asymmetrical rule (Cukierman & Muscatelli, 20088; Castro, 2011). The

second issue is the consideration of the objective of �nancial stability through an augmented

rule including informational (Sturm & De Haan, 2011) or �nancial conditions indicators (Castro,

2011; Chadha et al, 2004. Ho�mann 2013). While the integration of the augmented Taylor rule

in DSGE models is very gradual, the empirical literature usually show its relevance.

We retain the latter formulation, that is to say a Taylor type rule with a simple formulation of

in�ation and output gaps, augmented with a �nancial conditions indicator. This con�guration

of the Taylor rule is based on Ireland (2004), introducing the "money gap", i.e. the di�erence

between the observed trend rate of growth of money supply and the value which would be

consistent with the in�ation target. Regarding the �nancial conditions indicator, there are two

monetary policy has a more muted e�ect on real activity and in�ation in recent decades than before 1980.
8Using a speci�c theoretical model of asymmetrical central bank preferences depending on the monetary

policy regime, Cukierman & Muscatelli (2008) test the nonlinearity of the Taylor rules conducted by the Bank of
England and FED. Their results indicate that reaction functions and the asymmetry properties of the underlying
loss functions are related to monetary policy regimes and major macroeconomic concerns of the moment. In
addition, the asymmetry of central banks rules in favor of interest rate cuts may have in part created the
conditions for the crisis.
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possible settings of the augmented Taylor rule (CAE, 2011). The �rst possibility is to use

volume indicators, such as credit indicators, which are well adapted to largely intermediated

�nancial systems. The second possibility is to use asset prices or cost of capital indicators, such

as credit spreads ("adjusted" Taylor rule; Curdia & Woodford, 2010), which are well adapted to

disintermediated �nancial systems. Alternatively, the use of asset prices indicators is justi�ed

by the idea that the usual measure of in�ation is not appropriate, primarily because it does

not include their prices (Goodhart, 2007). In the model, the o�cial interest rate is determined

by a Taylor-type rule augmented with a price indicator of �nancial conditions, while volumes

are also taken into account in the monetary policy rule. Since the initial shock is transmitted

through the interbank market (Freixas & Jorge, 2008), the �nancial conditions indicator is the

interbank spread, which is also an usual indicator of �nancial strains (Williams & Taylor 2009;

Wu, 20089) and is suitable for largely disintermediated and credit based systems as well.

In the formulation of monetary policy, the idea of a renewed interest of volumes and not only

prices variables is quite extensively shared in the recent literature (eg, Adrian & Shin, 2010;

Bordes & Clerc, 2010; Cukierman, 2013). The assumption of �nancial imperfections which

would be limited to bank liquidity markets and would not a�ect stock or credit markets is now

widely questioned (Bordes & Clerc, 2010), which justi�es the end of the separation principle

between monetary (associated with o�cial interest rates) and �nancial stability policies (as-

sociated with credit policy). Moreover, in our model, the formalization of an unconventional

monetary policy with its usual three instruments (interest rates, liquidity injections and assets

purchases10; Bernanke et al., 2004)) cannot be limited to an augmented Taylor rule, which takes

into consideration only one of these three instruments. For these two reasons, we include vol-

ume variables in the monetary policy rule, through the separate expression of the amounts of

liquidity injections and assets purchases.

The model therefore includes the following elements: concerning the central bank, the augmented

Taylor-type rule is accompanied with the conditions of a central bank intervention as regards

the two other possible instruments of monetary policy (liquidity injections in the interbank

market and assets purchases). The initial shock is triggered by an unanticipated increase in

households credits defaults, which magnitude and consequences depend on the features of the

intermediation model, i.e. the sharing out of households funding (alternatively held by banks

or non monetary institutions) and �rms funding (in the form of securities or credit).

9Wu (2008) shows that interbank spreads are sensitive to events in complex securities markets, directly through
default rates on households mortgage loans and indirectly through banking sector CDS premia, which makes this
indicator specially adapted to our problem.

10Mishkin (1996) already noted that � monetary [assets purchases] policy can be a potent force of reving
economies which are undergoing de�ation and have short-term interest rates near a �oor of zero. Indeed, because
of the lags inherent in �scal policy and the political constraints on its use, expansionary monetary policy is the
key policy action that is required to revive an economy experiencing de�ation�.
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3 The model : agents and �nancial system

This section contains the description of the intermediation model and funding conditions asso-

ciated with its di�erent segments. It also contains the monetary policy rule and sequence of the

model.

Funding of economic agents and market con�guration

There are two types of assets in the model: credit, and securities. Credit markets correspond

to C1 (interbank market) and C2 (credit to non �nancial agents). Primary securities markets

correspond to E0 (government bonds), E1 (securities, issued by �rms - NFC) and E2 (complex

securities, issued by non monetary �nancial institutions - NMFI).

E0 E1 E2 C1 C2b C2nb

Government Securities Complex Interbank Credit Crédit

bonds securities credit (banks) (NMFI)

Government X

Firms (NFC) X X

Households X X

Banks X

NMFI X

Table 1: Funding of economic agents

The funding of the agents in the model is described by the rows of Table 1. For the government,

this funding is in the form of bonds. For households, it is in the form of loans, held either by

banks (in proportion hb of total banks credits portfolios), or NMFI. These loans are supposed

to be �xed rates when they are held by banks (C2b), and variable rates when they are held by

NMFI (C2nb) (see note 3 on page 4). The funding of �rms is in the form of bank credit (in

proportion (1− hb) of total banks credits portfolios) and securities. As regards �nancial sector,

the (short-term) funding of banks is in the form of interbank credit, and the funding of NMFI

in the form of complex securities.

The intermediation model is thus characterized by the share of households in bank loans(hb), the

share of households credits held by NMFI relative to total outstanding credits to non �nancial

agents
(

C2nb

C2b+C2nb

)
, and the share of securities funding of �rms

(
E1

(1−hb)C2b+E1

)
.

Market conditions : credit markets

Each asset is characterized by market conditions described by the risk premium and excess

funding demand. For a given asset, the risk premium π is de�ned as the di�erence between the

nominal yield r and policy rate rCB . The asset yield is thus as follows:

r = rCB + π (1)

In interbank (C1) and non �nancial agents credit markets (C2), excess funding demand CM i

is measured by the di�erence between credit demand DCi and supply SCi, which increases

9



when credit interest rates rise. This result is obtained under the conditions that 1/ any increase

in the credit interest rate deteriorates expected bank yields by increasing the probability of

default on credit portfolios, and the aggregate supply function is then decreasing; and 2/ this

function is also steeper than the demand function. Periods of low (high) interest rates are

thus characterized by an excess credit supply (demand) (Figures 5 to 7). This speci�cation is

empirically justi�ed by the observation that in times of �nancial strains funding costs increase

simultaneously with the decline in outstanding volumes (Krishnamurthy, 2010). On a theoretical

level, this observation is fully in line with the principles of the credit (Bernanke & Gertler,

1995) and risk-taking (Gambacorta, 2009) channels of monetary policy transmission11. Let

CM i denote the corresponding excess funding demand function:

CM i = DCi (rCi)− SCi (rCi) (2)

∂DCi

∂rCi
< 0,

∂SCi

∂rCi
< 0,

∣∣∣∣∣∂DCi

∂rCi

∣∣∣∣∣ <
∣∣∣∣∣∂SCi

∂rCi

∣∣∣∣∣
In the remainder of the paper, supply and demand functions in the interbank market are assumed

to be linear:

SC1 = −c rC1 + d, c > 0, d > 0

DC1 = −a rC1 + b, c > a > 0, d > b > 0

CM1 = (c− a) rC1 + (b− d) (3)

Securities Markets

In securities markets, corresponding to indexes E1 (securities, �rms) and E2 (complex securi-

ties, NMFI), the excess funding demand EM i is measured by the di�erence between securities

supply SEi and demand DEi for a given nominal yield rEi. As in credit markets, the demand

function (funding supply) is assumed to be both decreasing and steeper than the supply func-

tion. Consequently, a shock on the cost of capital results in a positive excess funding demand,

from an initial equilibrium situation (Figures 8 and 9). However, credit and securities markets

are a�ected by excess funding demands of di�erent magnitudes (Cardarelli & al., 2011).

EM i = SEi (rEi)−DEi (rEi) (4)

∂DEi

∂rEi
< 0,

∂SEi

∂rEi
< 0,

∣∣∣∣∣∂SEi

∂rEi

∣∣∣∣∣ <
∣∣∣∣∣∂DEi

∂rEi

∣∣∣∣∣
11Alternatively, this setting of funding supply could be seen as a generalization of the non-monotonic supply

function of Stiglitz & Weiss. However, this function does not allow to determine the excess demand resulting
from a shock on prices since the market equilibrium is not at the intersection of supply and demand curves.
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In section 5 of the model, excess funding demand functions in credit and securities markets

are supplemented by the consideration of two additional elements: �rst, the asymmetry in

the impact of o�cial interest rates decisions12; and second, the possibility of an increase in the

excess funding demand, resulting from the persistent insu�cient private funding in the interbank

market.

Governement bonds market

The primary market for government bonds corresponds to index E0. Bonds supply SE0 depends

on an exogenous component S (structural level of bonds supply, in the absence of a shock) and

the amount of support measures to the sectors which would be a�ected by a shock on funding

conditions. The shock a�ects the economy as a whole, but the di�erent types of agents are all

the more a�ected than their excess funding demand is important (Gerali et al. 2010; Helbling

et al., 2011; Hristov et al. 2012). So �scal measures aimed to support economic activity are

allocated in proportion to excess funding demands:

SE0 = S + α
(∑

i=1,2CMi +
∑

i=1,2EMi

)
, α > 0

Consequently, when a shock arises, securities supply is increased by the amount of support

measures to �nancial sector (in case of an excess funding demand in interbank and complex

securities markets), households and �rms (in case of an excess funding demand in credit and

securities markets).

Government bonds supply DE0 takes a similar form. It depends positively on an exogenous

component D (riskless part of assets portfolios, compliance with regulatory requirements), neg-

atively on the current �scal de�cit SE0, and positively on �ight to quality e�ects generated by

excess funding demands in other markets13 . Depending on the sensitivity of economic agents

to �scal de�cit, their risk aversion, and the resulting values of β and γ, the balance of the last

two e�ects is then either positive (low β, high γ), or negative. Let DE0 denote the governement

bonds supply function:

DE0 = D − β SE0 + γ
(∑

i=1,2CMi +
∑

i=1,2EMi

)
, β > 0, γ > 0

Replacing the supply function with its value gives:

DE0 =
(
D − βS

)
+ (γ − αβ)

(∑
i=1,2CMi +

∑
i=1,2EMi

)
Excess funding demand in the governement bonds markets is then the following:

SE0 −DE0 = (1 + β)S −D + [α (1 + β)− γ]
(∑

i=1,2CMi +
∑

i=1,2EMi

)
(5)

12An increase in o�cial interest rates is more largely passed on to the cost of capital than a decline. This is
particularly visible in the comparison of changes in interest rates in househods and �rms credit vs. interbank
markets (Figures 5 to 7).

13As for �scal policy in the supply function of government bonds, this e�ect is supposed to depend on the
(unweighted) sum of all types of assets excess funding demands, since the model does not mainly focus on public
debt. For a more general speci�cation, see Bastidon et al. (2012).
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For a given excess funding demand in other assets markets, the government bonds market,

therefore, has an excess funding demand which is positively linked to α (�scal policy activism)

and β (sensitivity of economic agents to �scal de�cit), and negatively linked to γ (�ight to

quality e�ects).

Monetary policy rule

The monetary policy rule consists of three types of instruments: an augmented Taylor-type rule

including a lower bound for the o�cial interest rate, a liquidity injection function, and an assets

purchases function. The o�cial interest rate, thus, follows a Taylor-type rule (1993), augmented

with a �nancial conditions indicator:


rBCt = ct+ Π + µΠ (Π−Π∗) + µy (y − y∗)− µC1 (πC1 − π∗

C1)

with µΠ > 0, µg > 0, µC1 ≥ 0

rBC = rBCt if rBCt
≥ rBC

rBC = rBC if rBCt < rBC

(6)

Since our purpose is to focus on the mechanism of central bank decision-making and not to

assess monetary policy, the endogenous variable is the o�cial (instrument) and not short-term

interbank interest rate (target). This formulation also allows to isolate the endogenous interbank

risk in the third term. So the o�cial interest rate depends on a constant representing the neutral

real interest rate, the in�ation level Π, the in�ation gap(Π−Π∗), the output gap (y − y∗), and
the �risk premium gap� (πC1 − π∗

C1) 14 . It is worth noting that the coe�cient associated with

(πC1 − π∗
C1) can be zero. When the intermediation model is characterized by a signi�cant weight

of variable rates households credits, consideration of the output gap de facto a�ects �nancial

stability. Moreover, the o�cial interest rate can not be lower than its lower bound rBC , which

is speci�c to each central bank.

The other two instruments of monetary policy concern excess funding demand in the di�erent

market segments. With the exception of credit to non �nancial agents, where the central bank

usually can not conduct direct intervention, it has the possibility to meet a positive excess fund-

ing demand by liquidity injections (in the interbank market) and assets purchases (in securities

markets). The preferences of the central bank are described below:


CM1 < CM1, CM1 = 0

EM0 < EM0, EM0 < 0

EMi < EMi, EMi > 0, i = 1, 2

For each market segment in which it has the possibility to conduct direct intervention, the central

bank wants the excess funding demand to remain below a speci�c threshold. This threshold is,

respectively, zero in the case of the interbank market, which should not be rationed; negative in

the case of the government bonds market, which must be characterised by an excess demand;

and positive for other securities markets. Consequently, in the interbank market, the amount

14The risk premium gap allows to introduce the concept of an optimal risk premium according to the central
bank, given its knowledge of current interbank risk.
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X of a possible liquidity injection corresponds to the amount of the excess demand of credit.

Similarly, the possible amount Zi of assets purchases corresponds to the di�erence between the

excess funding demand and threshold of the central bank. Therefore, the monetary policy rule

is as follows:

rBC =


rBC = rBCt if rBCt

≥ rBC

rBC = rBC if rBCt < rBC

∆rBCt 6= 0 =⇒ (∆rBCt) (∆rBCt+1) ≥ 0

X =

{
CM1 − CM1 if CM1 t−1 > CM1

0 otherwise

Zi =

{
EMi − EMi if rBC = rBC , EMi t−1 > EMi, EMi t−2 > EMi

0 otherwise i = (0, 2)
(7)

This can be expressed simply as follows. The o�cial interest rate corresponds to the Taylor

type rate if its determination leads to a higher value than the lower bound; and to this lower

bound otherwise. Liquidity injections and assets purchases are only conducted when the excess

funding demand exceeds the central bank threshold - in this case, they are conducted in order

to reduce this level to the threshold. This occurs systematically at the next period in the case

of the interbank market. By contrast, it takes place after two consecutive periods of excess

funding demand in the case of securities markets, only if the policy interest rate is at the lower

bound. Finally, as regards the o�cial interest rate, the central bank cannot take two immediately

consecutive decisions in opposite directions.

Sequence of the model

The sequence is composed of three periods. All the markets are originally in equilibrium, i.e.

characterized by an excess funding demand equal to zero. In t0 a positive monetary policy

(o�cial interest rate) shock happens. This results in an increase in the cost of variable rate

loans contracted by households, a negative output gap, and thus an increase in defaults on these

loans.

t0 Defaults shock

MP shock > 0,
output gap < 0

� increase in default rates /

households variable rates

credits

t2 Financial crisis, 2nd stage

� second choc on NFA
funding conditions

� MP: liquidity injections,

o�cial interest rate lower

bound, assets purchases

−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−→
t1 Financial crisis, 1st stage

� MP: liquidity injections

Table 2: Sequence of the model
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The increase in defaults on variable rates credits in t0 causes a risk premium and excess funding

demand shock in the complex securities and, therefore, interbank markets. In t1, if needed,

the central bank injects the amount of liquidity corresponding to excess funding demand (in

comparison to private interbank credit supply) in the interbank market. Because of the central

role of the interbank market in the transmission of the shock, this injection is the �rst crisis

management measure taken by the central bank.

In t2, credit and securities markets undergo a second deterioration of their funding conditions,

because of the persistence of an excess funding demand in comparison to private supply in the

interbank market. The central bank continues liquidity injections, in order to compensate for

the failure of private funding supply, and uses the other two instruments in its monetary policy

rule: interest rate cuts, and if the lower bound is reached, possible assets purchases in securities

markets.

4 The model: Defaults shock on households credits and

crisis management by the central bank

This section contains the explanation of the relationship between interest rate risk-sharing and

defaults on credit portfolios, and the description of the initial shock in the complex securities

market, in t0. The shock is transmitted to the interbank market, where the central bank conducts

liquidity injections in t1 and t2. A possible intervention in securities markets takes place in t2.

Interest rate risk-sharing and defaults on credit portfolios

Consideration of an endogenous default rate of non-�nancial agents (i.e. households) is one of

the fundamental assumptions of the model. This probability depends on two characteristics of

the intermediation model: the proportion of interest rate risk borne by households (share of

households variable rates credits in total outstanding households credits); and the disinterme-

diation of corporate �nance (respective shares of securities and credit), which determines the

output gap and thus also a�ect the households repayment capacity.

Defaults on households credits are related to interest rate risk. We assume that the interest

rate risk associated with credits held by banks is fully borne by banks (�xed rate loans), while

the interest rate risk associated with credits held by NMFI is borne by households (variable

rate loans). In this case, the fact that borrowers bear the entire interest rate risk leads to a

positive link between interest rates variations and default rates. In the model, this risk is the

�rst determinant of the default function of households on their variable rate loans.

Defaults on households credits are also related to the output gap. Regarding corporate �nance,

we assume that the double e�ect resulting from the enhancement of informational asymmetries

and risk aversion of lenders reduces the availability of both credit and securities funding, at

various degrees (e.g., Cardarelli et al., 2011). This mechanism is taken into account, in the

model, with funding supply functions of di�erent slopes. The reduced availability of funding

resulting from a positive monetary policy shock is then the weighted sum (depending on the
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intermediation of corporate �nance) of the respective excess funding demands in credit and

securities markets. This results in a negative output gap (Gerali et al. 2010; Helbling et al.,

2011; Hristov et al., 2012), which is the second determinant of the default function of households

on their variable rate loans.

Initial shock in credit and complex assets markets (t0)

Let λb and λnb denote default rates on credits, respectively held by banks and NMFI. In the

model, for the sake of simplicity, λb is supposed to be constant and exogenous. By contrast λnb

is endogenous and depends positively on o�cial interest rates variations and the output gap

(Benford & Nier, 2007 ; Daglish, 2009):

λb = Cte

∆λnb = ζ ∆rCB + η ∆y, ζ, η > 0

This setting corresponds to a default rate on credits held by NMFI λnb which is always greater

the default rate λb on credits held by banks15 (Berndt & Gupta, 2009 ; Maddaloni & Peydro

2011, Purnanandam, 2011).

The shock is triggered by an increase in the o�cial interest rate (∆rCB > 0). Under the as-

sumption that the output gap is proportional to the weighted sum of the variations in excess

funding demands of �rms in credit and securities markets16, we obtain the following form. It

is worth noting that interest rates have both a direct e�ect through the interest rate risk on

households variable rate loans, and an indirect e�ect through the output gap:

∆λnb= ζ∆rCB + η

[
E1

(1− hb)C2b + E1

∂EM1

∂rCB
+

(1− hb)C2b
(1− hb)C2b + E1

∂CM1

∂rCB

]
(8)

NMFI, which hold variable rates households credits, are funded by selling complex securities.

In return, the remuneration of these securities depends on the interests �ows on portfolios of

variable rates credits. Therefore, the rise in the corresponding default rate λnb entails a rise in

the risk premium πE2 in complex securities market, which is assumed to be equivalent:

∆πE2 = ∆λnb (9)

Considering the securities supply and demand functions (equation (4)), this results in a positive

excess funding demand in the complex securities market.

15Since the initial value of the former is greater than the latter, which in practice is always the case.
16Since all the markets are assumed to be in equilibrium before the shock, any increase in the cost of capital,

whether caused by an increase in the risk premium or o�cial interest rate, generates a positive excess funding
demand.
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Transmission of the initial shock to the interbank market and liquidity injections(t1)

The shock on funding conditions in the complex securities market is transmitted to the interbank

market. This results in a simultaneous rise of the interbank risk premium and excess funding

demand:

{
∆πC1 > 0

∆CM1 > 0

The variation of the interbank risk premium depends on the variation of the risk premium in

the complex securities market at the origin of the shock (equations (8) and (9)), the size j of

this market compared to total outstanding credits, and a random variable ε:

∆πC1 = ∆πE2 j (1 + ε)

Which is equivalent to:

∆πC1 = ∆πE2

(
C2nb

C2b + C2nb

)
(1 + ε) (10)

=

(
ζ∆rCB + η

[
E1

(1− hb)C2b + E1

∂EM1

∂rCB
+

(1− hb)C2b
(1− hb)C2b + E1

∂CM1

∂rCB

])(
C2nb

C2b + C2nb

)
(1 + ε)

The total variation of the interbank interest rate is thus the following:

∆rC1 = ∆rCB + ∆πC1

∆rC1 = ∆rCB + ∆πE2

(
C2nb

C2b + C2nb

)
(1 + ε) (11)

Since the interbank lending market was originally in equilibrium, the excess funding demand (in

comparison to private interbank credit supply) is described by the following equation:

CM1 t1 = (c− a)

[
∆rBC + ∆πE2

(
C2nb

C2b + C2nb

)
(1 + ε)

]
(12)

The central bank responds to this excess demand by injecting the corresponding amount of

liquidity, according to its monetary policy rule (equation (7)), i.e. Xt1 = CM1 t1. The monetary

policy rule is specifying that the central bank cannot take two immediately consecutive interest

rates decisions in opposite directions, so liquidity injections are the only available instrument

in t1. Excess funding demand in securities markets does not either generate an intervention,

since the central bank can conduct assets purchases only after the second consecutive period of

positive excess funding demand.

Interest rate lower bound and liquidity injections (t2)

In t2, the default rate on households variable rates credits (equation (8)) is assumed to be

unchanged. This is the same for risk premia in complex securities (equation (9)) and interbank
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(equation (10)) markets. As regards monetary policy, an interest rate cut is possible, considering

the persistent negative output gap and �nancial strains (represented by the interbank �risk

premium gap�, equation (6)), since this decision is not immediately following the initial interest

rate rise. The remainder of this section deals with the case where in t2 the interest rate is taken

to its lower bound rBC , in which the central bank is likely to conduct assets purchases in order

to meet an excess funding demand in securities markets.

In practice, the interbank risk premium πC1 is unchanged, and the o�cial interest rate is set at

the lower bound. According to (11), the di�erence between the interbank interest rate and the

initial (before the shock) equilibrium value r∗, can be written as follows:

∆rC1 t1 + ∆rC1 t2 =
(
rBC − r∗

)
+ ∆πC1 t1

∆rC1 t1 + ∆rC1 t2 =
(
rBC − r∗

)
+ ∆πE2

(
C2nb

C2b + C2nb

)
(1 + ε) (13)

The excess funding demand (in comparison to private interbank credit supply) in the interbank

market in t2 is thus described by:

CM1 t2 = (c− a)

[(
rBC − r∗

)
+ ∆πE2

(
C2nb

C2b + C2NB

)
(1 + ε)

]
(14)

This excess demand, as in t1, is met by a central bank liquidity injection of the same amount,

that is Xt2 = CM1t2. In the other private sector asset markets (credit and securities), the

excess funding demand is aggravated by the persistence of an insu�cient interbank credit supply,

according to the principle of the "rationing channel" of Freixas and Jorge (2009):

{
∆CM2 = νC2CM1

∆EMi = νEiCM1 i = 1, 2

Coe�cients ν represent the correlation coe�cients between excess funding demand in the in-

terbank market, and the additional excess funding demand in each segment. Considering that

decreases in o�cial interest rates are passed on to interest rates on households and �rms credits

to a very limited extent in comparison with interbank markets (see note 12 on page 11), the

latter are assumed to be unchanged compared to t0 and t1 for the sake of simplicity. Therefore,

the excess funding demand corresponds to the sum of the value of periods t0 and t1, and the

additional component described above, that is:


CM2 = ∂CM2

∂rCB
+ νC2CM1

EMi = ∂EMi

∂rCB
+ νEiCM1 i = 1, 2

(15)

Crisis management and assets purchases (t2)

In t2, in addition to liquidity injections, the central bank conducts assets purchases in securities

markets (government bonds and other securities), in order to reduce the persistent gap between
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funding supply and demand to its desired threshold. This occurs only in the case where the

o�cial interest rate is set at its lower bound (Mishkin, 1996). As regards government bonds,

using (5) and (15), the central bank determines the necessary amount of assets purchases, in

order to meet the excess demand threshold de�ned by its monetary policy rule (7). In the case

of government bonds, the excess funding demand takes the following form:

SE0 −DE0 = (1 + β)S −D + [α (1 + β)− γ]
(∑

i=1,2 CMi +
∑

i=1,2EMi

)

SE0 −DE0 = (1 + β)S −D + [α (1 + β)− γ][
CM1 +

(
∂CM2

∂rCB
+ νC2CM1

)
+
∑

i=1,2

(
∂EMi

∂rCB
+ νEiCM1

)] (16)

If this di�erence is superior to the threshold level EM0, the central bank will conduct assets

purchases of the corresponding amount, that is:

Z0 = (SE0 −DE0)− EM0

In the other (private sector) securities markets the same principle applies. If the excess funding

supply, in comparison to private funding supply, is superior to the threshold level, the central

bank purchases assets as long as this value is not reached. Using (14) and (15), we get:

Zi = (SEi −DEi)− EMi, i = 1, 2

=
∂EMi

∂rCB
+ νEiCM1 − EMi

Zi =
∂EMi

∂rCB
+ νEi (c− a)

[(
rBC − r∗

)
+ ∆πE2

(
C2nb

C2b + C2NB

)
(1 + ε)

]
− EMi (17)

The decisions of the central bank in t2, in accordance with its monetary policy rule (7), are thus
the following:

rBC t2 = rBC

Xt2 = CM1 t2 − CM1

Z0 t2 = (1 + β)S −D + [α (1 + β)− γ][
CM1 +

(
∂CM2

∂rCB
+ νC2CM1

)
+
∑

i=1,2

(
∂EMi

∂rCB
+ νEiCM1

)]
− EM0

Zi t2 =

(
∂EMi

∂rCB
+ νEiCM1

)
− EMi, i = 1, 2

(18)

The values of CM1 t2 and ∆πE2 are respectively given by equations (12), and (8) and (9).

These results allow to identify the e�ects of the initial shock on households variable rate credit

portfolios on excess interbank funding demand. These e�ects positively depend on the magnitude

18



of the initial shock on o�cial interest rates (both directly via the increased interbank interest

rate, and indirectly via the increased default rate on households credits); the weighted sum of

the deterioration of funding conditions of �rms in credit and securities markets; the relative

importance of households variable rate credit portfolios within total outstanding credits; the

di�erence between the lower bound o�cial interest rate and the initial interbank interest rate;

and �nally, the di�erence in slopes of the funding supply and demand functions in the interbank

market.

The persistent deterioration of funding conditions in the interbank market causes that of all

other segments of the �nancial system and, therefore, determines the terms of the monetary

policy. If funding conditions in the interbank market are very deteriorated, the Taylor-type

equation setting the o�cial interest rate gives a result which is inferior to the central bank lower

bound. Thus the interest rate is set at this lower bound level. Now let us assume that the

central bank wants the interbank market to be always in equilibrium, as in the model monetary

policy rule. Any shock on credit portfolios defaults directly a�ects the ability of banks to

get interbank credit, forcing the central bank to conduct the corresponding liquidity injection.

Assets purchases are conducted under the dual condition that the o�cial interest rate is at the

lower bound and the excess funding demand is persistent. In the case of private sector securities,

the corresponding amount positively depends on the correlation of funding conditions with those

of the interbank market. Finally, in the case of government bonds, in addition to the magnitude

of the output gap, the amount of assets purchases by the central bank depends on regulatory

factors (structural component of government bonds demand), government choices (structural

�scal de�cit, propensity to support economic activity), and private choices (sensitivity of the

government bonds demand to �scal de�cit, causing a decline in demand; and sensitivity to

�nancial strains in other segments of the �nancial system, causing an increase).

Concluding remarks

The contribution of this paper in terms of theoretical modeling is threefold. First, the operation

of �nancial system is formalized in order to take into account the major recent transformations,

namely, on the one hand, the growing importance of households credits, within banks and total

outstanding credits; and on the second hand the appearent disintermediation process, resulting

from credit portfolios held outside of the traditional banking system. Then, the model proposes

a transmission sequence of a shock on households credit portfolios to the whole �nancing sys-

tem via the interbank market. Finally, the central bank monetary policy captures decisions in

both non-crises times, with the Taylor-type rule; and crises times, with the intervention thresh-

olds associated with liquidity injections and assets purchases, and the corresponding restrictive

conditions.

Two original conclusions emerge. First, with regards to the rule setting the o�cial interest rate,

consideration of households credits in the intermediation chain modi�es the interpretation of the

Taylor rule: a negative output gap, rising the default rate, generates �nancial strains. In these
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conditions, in the case of a �nancial system with large households credits, if the central bank

highly weighs the output gap, the �nancial stability objective is de facto taken into account.

On the contrary, in a �nancial system with a lower proportion of households credits, taking

into account �nancial stability requires to use an augmented Taylor rule including a �nancial

conditions indicator. Second, the characteristics of the �nancial system, and in particular how

the interest rate risk is borne respectively by banks and borrowers, determine the extent and

conditions of transmission of the initial shock, and therefore the terms of monetary policy. If this

risk is borne in excessive proportion by borrowers, any positive interest rate shock can deteriorate

funding conditions enough for the central bank to mobilize the full range of unconventional

monetary policy instruments.
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Appendix

The narrow interest measures the proportion of credits from domestic �nancial institutions, with respect
to all �nancings of non-�nancial agents. The data used in this �gure were taken from Boutillier &
Bricongne (2012).

Figure 1: Proportion of households credits in the intermediation rates (narrow sense, in %)

Figure 2: France: households credits and banking intermediation (millions EUR, OCDE data)
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Figure 3: Germany: households credits and banking intermediation (millions EUR, OCDE data)

Figure 4: United States: households credits and banking intermediation (millions USD, OCDE
data)
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Figure 5: Interbank market, eurozone (ECB and EBF data)

Figure 6: Credit markets, Eurozone: non �nancial corporations (ECB data)

Figure 7: Credit markets, Eurozone: households (ECB data)
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Figure 8: Debt securities markets, Eurozone (ECB data)

Figure 9: Equities markets, Eurone (ECB and Datastream data)
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Reading: the estimations with the simple Taylor rule are represented with black triangular markers.
The estimation with the augmented Taylor rule, when it is signi�cant, is represented with a white
marker. The monetary policy rules followed by the ECB and BOE are best described by an augmented
Taylor rule, respectively including a �nancial conditions indicator, and the credit spread. By contrast,
the tests indicate that the FED is following a simple Taylor rule. The data used in this �gure were taken
from Boutillier & Bricongne (2012) for intermediation rates (in 2007), and Castro (2011) for the Taylor
rule estimations (corresponding to 1999-2007 for the ECB, 1992-2007 for the BOE and 1982-2007 for
the FED).

Figure 10: Estimation of the output gap weight in the Taylor rule (triangular markers, left axis)
and proportion of households credits in the intermediation rates (histogram, right axis)
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