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INTRODUCTION 

My dissertation comprises four chapters: (i) Monetary policy and financial stability in 

a banking economy: transmission mechanism and policy tradeoffs; (ii) Reflections on 

the failure of the Taylor principle under commitment; (iii) Dynamics of Bank's 

Capital Accumulation; (iv) Banks' strategies and credit spreads as leading indicators 

for the real business cycles fluctuations. The main issues that are studied in these 

chapters pertain directly or indirectly to monetary policy's transmission mechanism, 

which has gained renewed attention in the economic literature and of central banks in 

the aftermath of the 2008 global financial crisis. 

 This recent crisis demonstrated that monetary policy and financial stability 

policy are interrelated more closely than previously thought. The first chapter 

analyzes the interactions between these policies using a non-linear general 

equilibrium, overlapping-generations model with financial frictions in the form of 

banking financial intermediation. The chapter embeds negative externalities due to 

contagion effects in physical investments, which creates the need for financial 

stability policy. In this chapter the monetary policy transmission mechanism is shown 

to depend on financial stability policy tools as well as on regulatory and institutional 

constraints. Policy tradeoffs are found in trying to accomplish both monetary and 

financial stability targets. The chapter explicitly allows the modelling of the interest 

rate zero bound and of unconventional monetary policy, and thereby to study their 

effects on the transmission mechanism. 

 The second chapter deals with the failure of the Taylor principle in an 

environment under a regime of commitment. In an optimal monetary policy 

transmission mechanism that is derived from the Taylor principle, the nominal interest 

rate optimally should be increased (decreased) by more than the shock to expected 
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inflation to achieve monetary policy's inflation and output gap targets. This chapter 

shows that the Taylor principle in an optimal policy is not necessary if the monetary 

authority operates under a regime of commitment (rather than under discretion). 

Credible commitment to an optimal monetary policy rule allows a less vigorous 

optimal reaction of the central bank to supply shock and it enables enjoying low 

inflation in the future. 

 The third chapter constructs a dynamic neoclassical model of banking capital 

(absent regulatory capital requirements), where the dynamics are governed by the 

dynamics of the bank retained earnings and the credit risk realizations. The goal in 

this chapter is to study the evolution of the profit-maximizing capital ratio of banks 

and how it reacts to exogenous shocks, particularly during periods of prolonged 

downturn of the economy. The banking model introduced here can be integrated into 

a transmission mechanism embedded in a dynamic stochastic general equilibrium 

(DSGE) model to capture the effects of financial frictions on the economy, in line 

with the recent developments in the literature (Curdia and Woodford 2011). The 

modeling of financial frictions in this chapter is enriched by explicitly introducing 

features intrinsic to the banking sector, such as market discipline, adverse selection, 

moral hazard, monitoring, and imperfect competition. 

 The last chapter deals with the influence of banks' strategies on the pricing of 

bonds in the capital markets. Following Gilchrist and Zakrajsek (2012), it shows that 

the capital market yield spreads - the capital market transmission mechanism - can be 

decomposed into a component that reflect the probability of default of the issuer firm 

and a residual referred to as "excess bond premium" (henceforth EBP). The latter 

appears to be a leading indicator of real business cycles. The main hypothesis is that 

the dynamics of the EBP in part reflects the influence of the commercial banks’ 
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strategies on corporate bond pricing. These findings are consistent with the notion that 

a rise in EBP reflects a measure taken by banks that could lead to further downturns in 

the economy.  
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Chapter One: Monetary policy and financial stability in a banking 
economy: transmission mechanism and policy tradeoffs 
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Monetary Policy and Financial Stability in a Banking Economy: Transmission 

Mechanism and Policy Tradeoffsa.b 

 

 

 

 

Abstract 
 
The 2008 global financial crisis demonstrated that monetary policy and financial stability 
policy are more highly interrelated than previously thought. This paper analyzes the 
interactions between these policies using a non-linear overlapping-generations model with 
financial frictions in the form of banking financial intermediation. The paper embeds negative 
externalities due to contagion effects in physical investments which creates the need for 
financial stability policy. We show how the monetary policy transmission mechanism 
depends on financial stability policy tools as well as on regulatory and institutional 
constraints. 

We find policy tradeoffs in trying to accomplish both monetary and financial stability 
targets. The central bank must take these tradeoffs into account when selecting the tools in its 
policy toolbox. Another important finding is the interchangeability of price stability and 
financial stability policy tools. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
___________________________ 
a.This paper has been published in the Journal of financial stability, 18 (2015) 78-90.  
b.Coauthors: Yoram Landskroner, College for Academic Studies and Hebrew University of Jerusalem, 
Israel and Meir Sokoler, IMF External Advisor, Israel. 
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1. Introduction 

The 2008 global financial crisis refuted views held prior to the crisis on the 

goals and tools of monetary policy.The key policy interest rate (KPR), was regarded 

to be orthogonal to financial stability policy tools, such as liquidity and capital 

adequacy requirements. The conventional view prior to the crisis was also that “there 

is no general trade-off between monetary and financial stability” (Issing, (2003)). 

Similarly, it was argued that a central bank “that was able to maintain price stability 

would also incidentally minimize the need for lender-of-last-resort” intervention 

(Schwartz, (1998)).  

The motivation for this paper stems from the global financial crisis which 

demonstrated the need to deepen the understating of the complex connections 

between monetary policy and the financial system stability (Adrian and Shin, (2010)). 

The words of Paul Volcker (2010) echo what is now the prevailing position currently 

held by economists and financial regulators: "Monetary policy and concerns about the 

structure and condition of banks and the financial system more generally are 

inextricably intertwined".  

A second motivation for exploring the intricacies of the interaction of 

monetary and financial stability policies is the reported significant weakening of the 

pass-through between the short-term central bank rate and banks' rates in many 

counties (e.g. Aristei and Gallo (2014)). For a review of the literature on the 

interaction between macro-prudential and monetary policies see Angelini, Nicoletti-

Altimari and Visco (2012). We analyze the interchangeability of the policy tools in 

implementing the policies. To that end we construct a general equilibrium model with 

financial frictions in the form of a banking system, where endogenous systemic risk 

exists.  
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In this paper we study the interaction of monetary and financial stability 

policies where central bank operations are carried out solely through the banking 

channel.0F

1  

The groundbreaking works by Bernanke and Blinder (1988) and Bernanke et 

al. (1999) introduced credit market frictions into monetary policy models. More 

recently, Curdia and Woodford (2011), Gertler, Kiyotaki (2011), to mention a few, 

incorporated financial intermediation into a general equilibrium model, along with 

spreads between lending and borrowing rates, analyzing their impact on optimal 

monetary policy. Our framework enables us to highlight the tradeoffs between 

monetary policy and financial stability policy and derive the effects of financial 

stability tools on the effectiveness of monetary policy. While they may be 

complementary, conflicts often exist.   

 At times, financial stability instruments, such as capital requirements, may 

become an effective substitute for the KPR in affecting the price and availability of 

credit (Cecchetti and Kohler (2014)). At the same time, situations may arise in which 

the fine tuning of the KPR in response to adverse bank liquidity shocks is a more 

appropriate financial stability policy response than bank recapitalization (Diamond 

and Rajan (2012)). 

In the spirit of the New Monetarist approach (see Lagos and Wright (2005) 

and Williamson (2012), to mention few)1F

2, we employ a non-linear overlapping-

generations model (OLG) model with agent heterogeneity which enables us to 

                                                           
1 Two variants of the credit channel of monetary policy transmission can be distinguished: a narrow 
bank lending channel, measured in terms of the supply of bank loans, and a broad credit channel 
focusing on the external finance premium in credit markets (Hendricks and Kempa (2011)).  
 
2 These models assume heterogeneity among economic agents and multiple sub-periods within each 
time period, in which restrictions are placed on undertaking exchange activities within a given sub-
period. 
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examine intertemporal exchange.2F

3 The OLG model enables us to derive analytical 

solutions, facilitating comparative static analysis and simulations in the face of non-

linerarities.3F

4 Our framework shares features found in Diamond and Dybvig (1983). In 

our model, however, market interest rates are determined endogenously. 

 In our model, the central bank simultaneously pursues both price and financial 

stability. It implements monetary policy by using the KPR as its primary policy 

instrument. Financial stability policy is implemented primarily through capital 

adequacy requirements. We explicitly take into account the constraint that central 

bank resources are limited. 

The banking system in our model is subject to policy constraints imposed by 

the central bank. The latter provides collateralized loans and partial deposit insurance 

to the banks. In our economy there are two types of households ("rich" and "poor”), 

which can take advantage of two channels to transfer purchasing power to next 

period: nominal bank deposits and physical investment.  

Our paper fills several gaps left in the literature. Due to its rich set up we can 

address some unresolved issues encountered in previous papers dealing with the 

interaction of monetary policy and financial stability. First and foremost our model 

provides a detailed structure of the banking system. This structure includes constraints 

imposed by the central bank, a bank-initiated leverage (risk management) constraint 

and specification of the market structure. To the best of our knowledge no previous 

paper has simultaneously modeled these factors. This allows us to more thoroughly 

explore the "black box" of the transmission mechanism from the KPR to bank interest 

                                                           
3 Non-linear models are crucial in current research-based policy regarding the link between macro-
prudential and monetary policies.   
4 Although OLG models have been used to explain long-term issues, such as intergenerational transfers 
and social security arrangements, they have also been used to explain shorter-term phenomena, such as 
transient bubbles (Martin and Ventura (2012)) and the affects of noise trading on stock prices (Delong, 
Shleifer,Summers, & Waldman(1990)). 



501133-L-bw-Barnea501133-L-bw-Barnea501133-L-bw-Barnea501133-L-bw-Barnea

10 
 

rates and to explicitly identify the interaction between monetary and financial stability 

policy. Previous papers have opted for more simplistic frameworks, lacking detail in 

their description of the financial sector, rendering them unsuitable for a 

comprehensive policy analysis4F

5.  

Second, is the way systemic risk is integrated in the system via a negative 

externality arising from the expected return on the physical investment. This 

externality is a result of contagion associated with the scale of investment projects. It 

creates a wedge between the risk of investment as perceived by individuals and banks 

and the actual aggregate level of risk. It is this aggregate risk which defines the 

systemic risk taken into account by the central bank when implementing its policies. 

We specify an explicit measure of financial stability that is endogenous and measured 

by the probability of failure of the banking system. Previous papers have either 

ignored systemic risk entirely in their models or have incorporated it in an indirect 

and not fully satisfactory way. For example, the spread between the KPR and the 

lending rate has been used as a proxy for financial friction as well as a measure of 

financial stability to which the central bank reacts (Curdia and Woodford (2011), 

Woodford (2012), Checchetti and Kohler (2013)) do not consider deposit interest 

rates at all. 

 Third, our structured model is well suited to analyze the policy reactions of the 

central bank to shocks and the differential interactions of monetary and financial 

policies in wake of different types of shocks. Angelini, Neri and Panetta (2011) also 

analyze the policy implications of supply versus financial shocks in a less detailed 

model. 

                                                           
5 See for example Brunnermeier and Sannikov (2011). 
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  These features enabled us to derive results that contribute to the literature and 

have important policy implications. Our main contributions are: i) we trace and 

specify a tradeoff between monetary and financial stability policies. ii) We find the 

extent to which monetary and financial stability tools are interchangeable in pursuing 

their respective objectives. iii) Our model enables us to untangle the various links of 

the monetary transmission mechanism. These findings deepen our understanding of 

how the monetary transmission mechanism operates, and enables us to suggest ways 

to mitigate impairments to it. The plan of the paper is as follows: Section 2 presents 

the stochastic OLG model, followed by an analysis of the equilibrium characteristics 

of the model in Section 3. The following section deals with the effectiveness of 

monetary policy and the transmission mechanism and in Section 5 we simulate our 

model to study the interaction between monetary policy and financial stability policy 

under various shock scenarios. Conclusions are drawn in Section 6. The derivation of 

the consolidated budget constraints of individuals in our model appears in Appendix 

A, followed by the specification of the banks’ expected profit functions (Appendix B). 

The next appendix illustrates the characteristics of the model when a semi-log linear 

utility function is assumed. Proofs of the propositions and Lemmas are provided in the 

last appendix (Appendix D).  

2. The Model 

We consider an OLG model in an economy consisting of households, 

commercial banks and a central bank (henceforth CB). There exists a storable good 

where in each period this good can either be consumed at a price of pt or be stored as 

a capital good. In each period t, there are markets for the consumption good, 

commercial banks deposits and loans, capital goods, and CB collateralized loans to 

commercial banks.  
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2.1. Households 

A new generation of N young people is born every period t and lives for two 

periods. There are two types of individuals who are identical except for their initial 

endowments. Half of the young individuals are of type 1 and the other are of type 2. 

Young individuals of type j, j=1, 2, are each endowed with wj units of the storable 

good, where w1 < w2. Old individuals (in their second period of life), rely in their 

consumption on the returns on assets that they had accumulated when they were 

young as well as on commercial bank dividends that are evenly distributed among 

them at the beginning of the period.  

Let  denote the time preferences of the households 5F

6, and let o
jt

y
jt cc ,  denote 

period t consumption of individuals of type j who are young, y, or old, o, 

respectively6F

7. Returns on the real investment (specified below) are uncertain and we 

assume that all households are risk-neutral. Formally, the preferences of household j 

in period t are represented by the following expected utility function based on 

information available at period t: 

}{)()},({ 11
o
jtt

y
jt

o
jt

y
jtt cEcvccuE   j = 1, 2,        (1) 

where the function :v  satisfies the standard characteristics: continuous, 

twice differentiable with .0 as lim,0,0 cvvv cccc  E is the mathematical 

expectations operator7F

8. 

To accomplish optimal consumption schedules young individuals can shift 

purchasing power from one period to another through two channels: i) a nominal 

                                                           
6 The terms households and  individuals are used interchangeably in the paper. 
7 We will omit the subscripts and the superscripts unless we deem the notations necessary to avoid 
confusion.  
8 The assumption of risk neutrality is maintained in this specification as the utility function is linear in 
ct+1. 



501133-L-bw-Barnea501133-L-bw-Barnea501133-L-bw-Barnea501133-L-bw-Barnea

13 
 

deposit, dt, at a commercial bank that bears a one-period nominal interest rate, idt. ii) a 

physical investment, kt : young individuals can use all or part of their endowments to 

invest in a real technology project, which yields f(kt) units at the beginning of period 

t+1. We assume that gross returns f(kt) follow the following stochastic process8F

9 

)(K-1  prob.       with                    0
)(K  prob.    with ,10  

)(
t

tt
t

Ak
kf                 (2) 

where Kt is the aggregate investment of all individuals in period t, that is, 
N

j
jtt kK

1

.  

where kjt denotes individual j's investment in the real technology. We assume that , 

the probability of success of the physical investment, evolves according to the 

following process: 

10   ,)( tK
t eK ,         

 (2a) 

Satisfying ’(K) < 0, (0) = , and (Kt) 0  as K 9F

10. 

The specification of (2a) demonstrates the diminishing marginal quality 

(increasing marginal risk) of investments. That is, we assume increasing risk 

embedded in the marginal investment, due to the risk being contagious, i.e. affecting 

total investment 10F

11 

We further assume a threshold level of investment in the physical project kmin 

that satisfies the inequality 

2min1 )1( wkw ,           (3)  

                                                           
9 The uncertainty here is not related to the financing of the project, but rather to the physical 
characteristics of gross returns.   
10 Note that  Kt). 
11 The contagion phenomenon is well documented in domestic markets as well as among economies. 
See for example Longstaff (2010) on the subprime credit crisis and contagion in financial markets and  
Van Rijckeghem, C. and B. Weder (2001) on the sources of cross-border contagion. 
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where 2,1 , jw j  is a banking risk-management constraint on the amount of loans an 

individual of type j can receive (introduced in equation (4g)). This kmin is instrumental 

for the resulting separating behavior of individuals of different types. It prevents type-

1 individuals from using the physical investment channel, inducing them to make 

commercial bank deposits11F

12 

We assume that individuals who deposit in the commercial banks enjoy a 

safety net provided by the CB in the form of partial  deposit insurance for a 

predetermined share , 10 , of their deposit.12F

13 

In the following analysis we assume that a separating equilibrium exists, such 

that type-1 individuals invariably use bank deposits to transfer purchasing power to 

next period, while type-2 individuals for the same purpose use their endowments and 

bank loans to invest in the physical capital. We later prove that equilibrium with this 

separation does indeed exist. The individuals’ respective budget constraints are 

presented in equations (A:1) and (A:2).  

Given market prices, market interest rates, bank dividends, deposit insurance, 

and based on the perceived probability of bank default, a representative depositor 

chooses },,{ 1 tttt dcEc  to maximize (1), subject to (A:1) and (A:9) (in appendix A). 

Similarly, a representative investor operating in the same environment and perceived 

, chooses },,,{ 1 ttttt lkcEc  to maximize (1), subject to (A:2) and (A:10) (in appendix 

A), where lt denotes a bank loan. 

2/2. Commercial banks 

                                                           
12 It also prohibits type-1 individuals from purchasing shares in the physical investment project and 
hence our model does not allow for external equity financing. 
13 The choice of  could reflect two opposing forces, which provide the backdrop for this model. A 
higher  enhances financial stability by reducing the correlation of shocks to deposits and a systemic 
shock, while at the same time it enhances risk taking by the commercial banks (moral hazard). 
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 There are I identical infinitely-lived commercial banks13F

14 in the economy. Each 

bank offers one-period nominal deposits, Dt, which pay a nominal interest rate, idt 14F

15. 

We assume that the deposit market is perfectly competitive, while the loan market is 

imperfectly competitive. Banks offer investors one-period nominal loans, Lt at a 

nominal interest rate, iLt. The collateral for this loan is the borrower's realized return 

f(kt). In the conduct of financial intermediation, each bank draws on its (beginning-of-

period) equity capital, FKt that has been accumulated from retained earnings of 

previous periods and it is therefore predetermined (for a similar structure see Barnea 

and Kim, 2014). 

 The young individuals own and manage the commercial banks and the profits 

of the banks are realized a period later, when these individuals become old15F

16. In 

period t, the young individuals choose a fraction of bank t+1,, to be 

distributed as dividends. The remainder (1- t+1) is retained and is accrued to the 

bank's equity capital 16F

17, FKt+1. Accordingly, banks are expected to accumulate 

financial capital following the dynamic process: 

111 )1()1( ttttttt ELFKFKE ,                (4a) 

where Lt is the total outstanding representative bank loans, and where the second term 

on the RHS of (4a) is the bank loans that were written off after the realization of the 

return on the physical investment at the beginning of period t+1. The last term 

represents the bank's retained earnings, where t+1 is the representative bank profits. 

                                                           
14 They are identical in the sense that they have the same shareholders and they each begin period t 
with the same equity capital. 
15 Since banks are identical, we refer in the model to a representative bank and omit a superscript 
indicating individual bank unless otherwise deemed necessary for clarity. 
16 Hence the young individuals are motivated to maximize profits since they will enjoy the fruits of 
their choices (the dividends) when they become old. 
17 Note that the choi t+1 could be strictly between zero and one, where the realized earnings in 
period t+1 can also be used to maintain the required capital ratio. 
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 Commercial banks can borrow a one-period (monetary) loan, lmt, from the CB 

supplied at a nominal rate, imt 17F

18
 (KPR). The CB lending facility is extended against 

secure collateral, which, in our model consists of commercial bank reserves (denoted 

RR) deposited at the CB. The CB lending facility increases the potential supply of 

commercial bank loans to households from a maximum of Lt = (1-rrt)Dt+FKt, when 

monetary loans are not available and where rr is the reserves/deposit ratio, to a 

maximum of Lt = Dt+FKt, when the entire amount of  monetary loans is extended. The 

reserves ratio, rr, in our model is a structural variable necessary for the 

implementation of monetary policy and not a monetary policy tool.   

Each commercial bank faces the following collateral constraint: 

.tmt RRl                      (4b) 

We assume banks do not hold excess reserves, that is, 

tt rrDRR .                    (4c) 

 The representative bank must maintain a minimum required capital ratio of the 

expected beginning-of-period t+1 equity capital, EtFKt+1, relative to the total lending 

of the bank in period t, Lt, of  percent.18F

19. The minimum capital requirement ratio is, 

therefore: 

r

tt

L
FKE 1 .                      (4d) 

 The resource constraint (balance sheet) of the bank prior to the realization of 

systemic risk is: 

                                                           
18 The CB in many countries provides secured loans to commercial banks through reverse repurchase 
agreements. Such operations constitute the primary day-to-day monetary policy instrument in these 
countries. 
19 Note that FKt is a state and predetermined variable at period t, thus we require the capital 
requirements to refer to EtFKt+1 rather than to the current period stock of financial capital. 
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mttttt lFKDRRL .                  (4e) 

If systemic risk is realized, such that the bank becomes insolvent and the total (period 

t) financial capital of the representative bank is decimated, the CB reacts by paying 

off the insured a fraction  of the deposits to depositors through the commercial 

banks. In this situation the following condition is satisfied for the representative bank: 

mtmttdttLtt liDiRRLiK )1()1()1)(( .     (4f) 

Following a period in which the commercial bank becomes insolvent, it continues 

operating in the following period as a new financial intermediary19F

20. 

 Finally, a maximum leverage constraint is placed on each borrower, which is 

set by the bank's management and is given by 

jt

t

wp
l

,  j = 1,2,                   (4g) 

where lt denotes the amount extended to a single borrower by the representative bank 

as a loan. We refer to this constraint as the risk-management constraint. The risk-

neutral bank management imposes this constraint because of anticipated bankruptcy 

costs.20F

21 As will be shown later, when binding, this constraint affects the monetary 

transmission mechanism. (Result 3, and Proposition 3 and its proof in appendix D) 

 The state unconditional expected profits of period t+1, Et t+1, is the sum of 

conditional profits (B:1 and B:2 in Appendix B) weighted by their probabilities in all 

states. It is given by  

                                                           
20 Note that all assets and obligations in our model are of single-period duration. Therefore, in the 
following period everything starts from nil. Alternatively, we can assume that a new bank is established 
in every period. 
21 Note that wj is the upper bound on the amount of bank loans (in real terms) an individual of type j 
can obtain. Note, further, that type-1 individuals cannot acquire the kmin required for the operation of 
the physical investment because of (3) and constraint (4g). 
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mtmttdtttLttt liDiqLiE ))1(1( 11 ,         (5) 

where qt+1 is the probability of bank's failure. 

 Commercial bank shareholders seek to maximize their expected period t+1 

dividends, t+1Et t+1, where expected earnings are defined in (5).  In period t, 

commercial banks choose iLt, lmt, EtFKt+1, and t+1 to maximize the expected 

dividends, subject to the terms and constraints articulated in (4a)-(4g) and given FKt. 

Lastly the realized retained earnings of period of t+1 belong to the young generation 

of period t+1, augmenting their predetermined financial capital at the beginning of 

that period. 

2.3. Central bank 

The CB pursues two goals: price stability in the form of an inflation target and 

financial stability, defined in terms of the probability of systemic bank defaults qt+1. 

For simplicity we assume that both target levels are those which existed prior to the 

occurrence of the shocks we introduce. The CB undertakes its policy in period t+1 

after (Kt) has been realized, and it succeeds in restoring target levels.       

 In conducting its monetary policy, the CB provides an infinitely elastic supply 

of monetary loans to commercial banks at its policy interest rate, imt. We assume that 

the policy interest rate is set to achieve the inflation target. To safeguard financial 

stability, the CB imposes a minimum capital adequacy ratio, , which limits credit 

expansion and consequently, exposure to risk. The CB also provides a safety net in 

the form of partial deposit insurance for a share , 10  of commercial bank 

deposits, where  is predetermined. Deposit insurance is one way of dealing with 
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bank runs.21F

22 It is modeled for obtaining an equilibrium in the absence of a run and 

accordingly the fraction  is a structural parameter. 

The CB accumulates real balances of seigniorage revenues (SR) from the 

monetary loans, on which it charges a positive interest rate, imt.  Given that deposit 

insurance has not been activated, the accumulated SR at the CB is: 
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Capital letters denote aggregation over all individuals and commercial banks. The CB 

real net worth is increased by the flow of 1
1

t
t

t
t SR

p
pSR  and is depleted when 

deposit insurance is activated. To meet its deposit insurance obligations, the CB needs 

to generate sufficient SR. Consequently, the following incentive-compatible constraint 

must be satisfied 
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Constraint (7) reflects the requirement that the SR accumulated up to period t should 

be no less than the sum (over all banks) of the value of the banking system’s net 

worth when systemic risk is realized. We limit ourselves to an equilibrium in which 

the inequality in (7) holds. Finally, for simplicity we assume that the amount of SR 

accumulated is kept as reserves at the CB, i.e. it accrues no interest. This 

accumulation helps consolidate the credibility of the CB. 22F

23  

3. Equilibrium characteristics 

                                                           
22Another possible way to prevent a run on banks is to relax the collateral requirements imposed on 
banks when borrowing from the CB.  
23 Since we assume that CB resources are finite, there is always a positive probability that its financial 
resources will be perceived as insufficient to back its deposit insurance obligations. The greater the 
accumulated seigniorage reserves, the higher the public's confidence in the integrity of the deposit 
insurance arrangement will be. 
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 In this section we analyze results emanating from the model, which 

characterize the model’s equilibrium.    

3.1. Information setup, market clearing and equilibrium 

Since the returns on the physical investment undertaken in period t is realized 

at the beginning of period t+1, individual and commercial bank choices for period t 

cannot be contingent on the realization of (Kt). Since the choices of some of these 

variables depend on period t expectations of t+1 price levels, pt+1 too cannot be 

contingent on the realization of (Kt). These variables depend on a predetermined or 

perceived  and qt+1, which in turn are contingent on the realizations in the previous 

period. The consumption of old individuals in period t+1 can be contingent on the 

realization of (Kt).   

As mentioned above the CB reacts to period t shocks at the beginning of 

period t+1 after the realization of (Kt) and prior to the decision-making of the young 

individuals in period t+1.  

 In period t, type-2 young individuals make their decision regarding the 

physical investment based on their perceived , irrespective of the contagion effect of 

their choice on (Kt) (see (2a)). To explain this externality we assume that the 

individual is aware of the contagion effect (2a) but has no incentive to act upon it. In 

fact he/she benefits if all other investors adjust their investments in accordance with 

the impact of K on Kt), while he/she does not.  Since this holds for all individuals, 

ultimately no one will adjust their investment. Without the interference of the CB, this 

externality will result in over-investment and lower the probability of success K).  

To maintain financial stability, the CB reacts by adjusting  in period t+1, 

following the realization of Kt), such that it will successfully manage to have 
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and q perceived by type-2 young individuals for period t+1 equal the period t levels. 

Note that this is not a ceteris paribus situation, since changing  may affect inflation 

expectations as well as other aspects of the macroeconomic equilibrium.       

In equilibrium the realized probability of a bank failure, qt+1, should be 

consistent with macroeconomic fundamentals, since these determine the conditions 

under which commercial banks fail. Note that as qt+1 rises, financial stability is 

worsened. Hence qt+1 must satisfy the following: 

0)1()1()1(1 mmttdtttLttt liDiRRLiFKHq ,      (8) 

where H is the cumulative probability distribution of the default on loans granted by 

the representative bank in the preceding period23F

24, and it is a monotonic function with

0H . The term in the curly brackets is the set of all states in which the 

representative bank's equity capital is non-positive.    

 Substituting the resource constraint (4e) and conditional expected earnings 

when systemic risk has not materialized (B:1 and B:2 ), and inserting (B:1) into (8) 

yields the following: 

0)1(1
11 t
q

tttt LEFKHq                  (8a) 

where q
ttE 1

1  is defined in (B:1) in Appendix B. The expression within the curly 

brackets indicates all states in which the beginning-of-period t bank equity capital and 

the following period's expected earnings are not sufficient to cover expected loan 

losses. Since FKt is predetermined in period t, qt+1 is determined by the expected 

conditional bank earnings in the following period and expected loan defaults. 

                                                           
24 The expression tttLt RRLKi )()1(  is the nominal value of the commercial bank’s total 

assets, expected to be realized in period t+1, while mmttdt liDi )1()1(  is the nominal value of 
its total liabilities (to the individuals and the CB), expected to be realized in period t+1. When the latter 
exceeds the former, the addition to bank equity is negative. 
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Consolidating individual budget constraints, commercial bank retained 

earnings and CB resource accumulation gives rise to the following per capita 

equilibrium clearing condition in the consumption goods market: 
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      (9) 

The last term in the first row represents the uninsured deposits of which a share qt is 

lost.  

3.2. Households: separating equilibrium 

 We use the first-order conditions (FOC) to characterize an individual's choices 

in our economy. Let ctv  denote the marginal utility with respect to ct. As investors 

regard the perceived  as a given, the condition characterizing their choice is 

k
ct f ,                             (10a) 

where fk denotes the marginal productivity of the physical investment kt. Thus the 

marginal rate of substitution in consumption (the LHS of (10a)) equals the expected 

return on the physical investment. We further obtain for the investors that 

Lt
tt

Lt
k R

pp
if

1

1 ,                 (10b) 

RL is defined as the expected real interest rate on loans (RHS of (10a)) and it equals 

the expected return on the physical investment (LHS of (10a)).  

 From the FOC of depositors' choices, we then obtain: 
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dt
tt

dt
t

ct R
pp

i
q

1
1

1

1
))1(1( ,               (11a) 

Rd is defined as the expected real return on bank deposits (RHS of (11a), and it equals 

the marginal rate of substitution in consumption. (LHS of (11a)). Rearranging (10b) 

and solving for the inflation rate, we arrive at the following equilibrium condition 

kt

Lt

t

t

f
i

p
p 11 .                  (11b) 

This equilibrium condition guarantees the satisfaction of the Fisher relationship 

between the nominal (gross) interest rate, 1+iLt, the real (gross) rate of return, fk and 

the (gross) expected rate of inflation. In our model, inflation is determined through 

asset portfolio selection. This approach to modeling inflation is consistent with Sims 

(2009). 

 These equilibrium conditions imply a separating equilibrium:   

Result 1. If inequality (3) is binding and if the perceived probabilities  and 1-(1-

qt+1 are such that the incentive compatible inequality dtLt RR  holds, and if there 

exists an equilibrium for our economy with Dt > 0, then we obtain a separating 

equilibrium in which the lowly-endowed individuals (type 1) deposit funds in the 

banks, and do not invest in physical capital projects, while the highly-endowed 

individuals (type 2) invest in physical capital, and do not deposit at the banks.  

(See proposition 1 and its proof in appendix D). 

3.3. Commercial banks: choices 

 In this section we derive the conditions characterizing the representative 

bank's choices. We eliminate Dt from (5) by utilizing (4c) and the resource constraint 
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(4e), and then use constraints (4a)-(4b), (4d) and (4g) to set the Lagrangian for the 

representative bank as follows 
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where ,4,3,2,1, jj  are the Lagrange multipliers associated with constraints (4g), 

(4d), (4b) and (4a), respectively, and N/2 denotes the number of individuals who 

borrow from the commercial bank. As before capital letters indicate aggregate 

quantities.  

 We begin with the FOC derived for the payout ratio  and obtain: 

.0141 ttttt EE                           (13a) 

If 0 <  < 1, such that (13a) is binding, then 14t , all t, where t4  is the shadow 

price (in terms of expected profit) of the financial capital accumulation constraint.   

Note that both (4a) and (4d) restrict EtFKt+1 and they are in fact linear, so in the case 

where they are both binding we have:  

142 tt ,                  (13b) 

where t2  is the shadow price of the minimum capital requirement constraint24F

25.  

3.4. The use of CB monetary loans  

                                                           
25 The financial capital accumulation (4a) is always binding, while the minimum capital ratio (4c) may 
not be binding, in which case banks hold financial capital in excess of the mandatory amount. 
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Result 2.  There is no partial use of commercial bank collateral for the CB monetary 

loans. Either collateral is not used at all or the banks utilize all of their collateral. 

such that tmt rrDl . 

(See Proposition 2.) 

Corollary 

Result 2 implies that equation (6) for the SR can be reduced to the following: 

1
1

1

11
t t

t

t
I

i t

i
mtmt SR

p
p

p
LiSR                  (6a) 

Namely, the accumulation of seigniorage revenues by the CB is contingent on the 

interest payments on the monetary loans and the inflation tax. Hence, in equilibrium 

where banks use all of their collateral such that tmt rrDl , the resource constraint of 

the commercial bank (4e) implies that: 

Lt = Dt + FKt, all t.                             (4e1) 

4. The transmission and effectiveness of monetary policy 

 In this section we analyze the implementation of monetary policy and derive 

the pass-through from the CB interest rate to bank interest rates. To demonstrate the 

implications of our results we analyze unconventional monetary policies by the CB 

We also examine the effectiveness of the monetary policy, taking into consideration 

the constraints imposed on commercial banks.   

4.1. Inside the Transmission Mechanism "Black Box": Pass-through from the CB 

policy interest rate to the banking interest rates 
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 The pass-through from the CB policy interest rate to the banks deposit and 

loan rates is derived from the commercial banks’ FOC. We first obtain the 

equilibrium relationship between the deposit rate and the monetary policy rate: 

tmt
dt

t i
rr

i
q 31 1

))1(1( .                           (13c) 

Next, we derive the relation between the loan interest rate and the deposit interest rate 

from the FOC of iLt , obtaining 

)1(
1

))1(1()11( 311 tt
dt

tLt
t

rr
rr

i
qi ,            (13d) 

where 
Lt

t

t

Lt
t i

L
L
i  is the interest rate elasticity of the demand for loans. 

 Finally we combine (13c) and (13d) to eliminate (1-(1- )qt+1) and obtain the 

transmission mechanism from the CB rate imt to the bank loan rate iLt as follows: 

)1()1()11( 31 ttmtLt
t

rrii .                         (13e) 

 Equations (13c) - (13e) contain some important insights. First, the 

transmission mechanism from the central bank policy rate to lending and deposit rates 

is affected by financial stability tools as well as the probability of bank default. In 

particular, the pass-through from the imt to idt (see (13c)) depends on the soundness of 

the banking system (qt+1), and on the extent of deposit insurance coverage, as well as 

on the reserves ratio. In the case of the pass-through from imt to iLt (see (13e)) it 

depends on , on the capital ratio and on the reserve ratio.  

 Second, equation (13c) clearly demonstrates the manner in which the policy 

interest rate and capital adequacy requirements may be used by the CB to reach both 
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price stability and financial stability targets. If, for example25F

26, in an attempt to stave 

off deflationary pressures, the CB implements an expansionary monetary policy (by 

reducing imt) and simultaneously raises the minimum capital requirement ratio  for 

financial stability purposes, the combined impact on iL could offset one another (see 

13e). These results clearly demonstrate the need for coordinated monetary and 

financial stability policies. 

 Third, the shadow price of the collateral constraint, 3, plays an important role 

in the monetary transmission mechanism. When the CB tightens its monetary policy 

by raising imt, for example, the demand for monetary loans is reduced, lowering in 

turn the shadow price of the collateral constraint 3. It is apparent from (13c) and 

(13e) that the reduction in 3 mitigates, ceteris paribus, the positive impact of the 

increase in imt on deposit and lending rates, idt and iLt respectively. Importantly, the 

decrease in 3 more than offsets the positive effect of imt on the deposit rate, such that 

the expected return on deposits (the LHS of (13c)) is actually lower. (See Lemma 1 

and Figure 4). 

4.2. Unconventional monetary policy 

To demonstrate the implications of the above analysis, let us suppose that the 

CB enacts an "unconventional” monetary policy, whereby it relaxes the collateral 

requirements of its lending facility, allowing the CB loans to be not fully 

collateralized or accepting collateral in the form of risky corporate securities26F

27. This 

policy is reflected in our model in the parameter . We insert it into (4b) 

and obtain: 
                                                           
26 This example is taken from reality as is reflected in the following two cases: (1) The Bank of Israel 
recently undertook a similar combination of measures described in the example, where instead of 
increasing , it reduced the maximum Loan-to-Value allowed on mortgages. (2) Regulators in some 
European countries set lower as well as upper limits on . The latter is designed to prevent a deviation 
of actual from potential output.  
27 This was implemented by the Fed in the recent crisis as part of its quantitative easing policy. 
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i
t

i
mt RRl 1 .                    (4b1) 

In this case the Euler's condition (13c) remains intact, while (13d) and (13e) change, 

becoming:  
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Relaxing the collateral requirements by lowering  increases the excess supply 

of monetary loans and as a result reduces the shadow price of the collateral constraint 

3. The commercial bank's demand for public deposits weakens so that the expected 

return on deposits falls (see (13c). 

The result in Lemma 2 demonstrates how quantitative easing can affect the 

monetary transmission mechanism, resulting in a reduction of expected bank interest 

rates. 

Lemma 2: If 1t=0, the perceived  remains constant and constraint (4b) is binding, 

then reducing  will lower the expected return on deposits, 
rr

iq dt
t 1

))1(1( 1  and 

the expected loan rate, Lt
t

i)11( . 

(For the proof, differentiate (13c), (13d1) and (13e1) with respect to .). 

4.3. Effectiveness of the transmission mechanism 

We measure the effectiveness of the monetary transmission mechanism by the 

deviations from 1 of the partial derivatives of the expected marginal revenue from 

loan and the expected marginal cost of deposits with respect to im (see equations 
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(13c1) and (13e2)). The smaller the absolute value of these deviations is, the more 

effective the transmission mechanism.27F

28. 

 Differentiating the Euler conditions for the deposit and loan rates (13c) and 

(13e) with respect to imt ((13c) and (13e) respectively) results in the following system 

of relationships, which reflects the effectiveness of the monetary policy: 

mt
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mt

dtt

ii
iq 31 1)))1(1((                          (13c1) 
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The last inequality stems from the following dynamics. When the CB 

increases its interest im, making  the use of its lending facility more expensive and 

therefore the commercial bank demands for these loans as well as the shadow price of 

the collateral constraint 3 are reduced. 

An important trade-off emerges from this finding. On the one hand, requiring 

full collateralization for CB loans safeguards central bank resources. On the other 

hand, stricter collateral requirement reduces the effectiveness of the monetary 

transmission mechanism as it increases the absolute value of 
mt

t

i
3 .     

 Another insight gained from equations (13c-13e) is that when the CB interest 

rate reaches the zero bound, the CB can affect iLt by adjusting capital adequacy 

                                                           
28 Note that monetary transmission becomes particularly effective when there is full deposit insurance 
( =1). But this in turn may, ceteris paribus, expose the banking system to more systemic risk, as the 
willingness of commercial banks to expand lending increases. This is yet another example of the 
tradeoff between the effectiveness of monetary policy and systemic risk. 
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requirements. Note that the direction of this effect is not straightforward, as can be 

seen below. We differentiate (13c) and (13e) with respect to  to obtain: 

 0
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Increasing  reduces the supply of bank loans and consequently reduces the demand 

for CB loans. This in turn reduces the shadow price 3, i.e. 03

d
d t . As can be seen 

from (13e3), the sign of the imp

t3 . Thus, for example, the expansionary 

effect from the easing of capital requirements on lending rates weakens as the 

absolute value of 
d

d t3  increases. 

 Hence, when a reduction in the lending rate is warranted to offset a 

deflationary shock, for example, what is considered an instrument of financial 

stability under normal circumstances can become a viable tool for implementing 

monetary policy. This clearly demonstrates how inextricably interlocked the tools of 

monetary policy and financial stability indeed are28 F

29. 

4.4. The effect of the risk-management (leverage) constraint on the monetary policy 

transmission mechanism  

                                                           
29 While the recent relaxation of collateral requirements by many CBs may have increased the pass-
through from the CB interest rate to the deposit rates, it entails a cost of putting taxpayers’ money at 
greater risk and raises questions as to the extent to which CB should have policy independence. 
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 Finally we examine the impact of the risk-management constraints (4g) on the 

effectiveness of monetary policy. For this we make constraint (4g) on the endowment 

of type-2 individuals (investors) binding.  We have also assumed that kmin is such that 

only type-2 individuals can receive loans to finance their investments.   

Result 3. If the maximum leverage constraint is binding at the equilibrium banking 

interest rates for all individuals, then the monetary policy (changes in im) has no 

effect on either Lt, Dt, kt, or iLt and therefore, has no effect on its target of inflationary 

expectations. 

(See proposition 3 and its proof in appendix D) 

5. Interaction between monetary policy and financial stability 

 In this section we simulate our model to study the interaction and the 

reciprocity of monetary policy and financial stability policy. We resort to simulations 

because the model contains non-linearities, rendering the analysis complicated and 

prone to ambiguous results. In particular, we examine the impact of two shocks: (i) a 

permanent positive shock to the return on physical investment which is translated in 

our model to a shock to expected inflation, to which the CB reacts by adjusting its 

policy interest rate, overlooking the potential impact of the shock on financial 

Kt), which is interpreted as a shock to financial 

stability to which the CB reacts by adjusting the capital adequacy requirement , 

ignoring the impact on expected inflation.  

 In the simulations we introduce persisting29F

30 shocks and then perform a 

comparative statics analysis following the convergence of the economy to its new 

equilibrium. The simulations are based on the relationships derived from the model 

                                                           
30 Persistence in our model environment means the two-period life of the individuals repeats itself 
indefinitely. This is also the definition of steady-state in our model. 
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and selected values for both the model's parameters and state variables (presented in 

Table 1). The initial values of the policy variables im and  are chosen to be consistent 

with our model's initial steady-state solution, and the latter then serves as a 

benchmark for the policy response to the shocks in the comparative statics analysis.   

Table 1: 
The parameter's values used in the simulations 

Parameter Value Steady 
State value 

Parameter Value Steady 
State value 

 0.32 0.32 kmin 1.22 1.22 

A 5.7-6.6  6.2 

t

t

p
FK

 
0.0051* 0.0051 

 (perceived) 0.72 0.72 imt 0.045-0.15 0.06 

qt+1 (perceived) 0.25 0.25  Non-
binding 

Non-binding 

 0.975 0.975  0.9, 0.95 0.95 

w1 1.2 1.2 Inflation 
target 

0.1136* 0.1136 

w2 2.0 2.0 SRt-1 0.0205* 0.0205 

 0.25 0.25 rr 0.4 0.4 

N 2 2  0.05-0.06 0.05 

I 1 1    
        * indicates that the initial value (in period t-1) was taken to equal the endogenous period t 

value. 
  
 Given the value ranges of the model's parameters (specified in Table 1), we use 

the MATHLAB8 software to numerically solve for the model's equilibrium. The 

derived equilibrium characteristics include several incentive compatible constraints: 

inequality (3); equation (4e1) with dt > 0; and RLt > Rdt. We display the relevant 

equilibrium values of these constraints in Table 2. 

 From the simulations we derive the model relationships which are displayed in 

Figures 1-8. The simulations were conducted on a wide range of the values of the 

model parameters and the results were found to be robust. 
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Table 2: 
Incentive Compatible Variables  
in the Steady-State Equilibrium 

Variable Value 

t

t

p
d

 
0.0971 

t

t

p
l

 
0.1022 

t

t

p
FK

 
0.0051 

RLt 1.222 

Rdt 0.93 

w1 1.2 

w2 2.0 

kt 1.2575 

kmin 1.24 
 

 Based on proposition 1, when numerically solving for equilibrium in our 

model economy, while assuming separating behaviors for type-1 and type-2 

individuals, we obtain a solution (an equilibrium) in which the incentive-compatible 

conditions are all satisfied (see Table 2). It implies that a separating equilibrium with 

financial intermediation in our model economy does exist.     

5.1. Shock to the return on physical investment 

 We begin with the economic impact of a permanent positive shock to the 

return on the physical investment (an increase in A in eq. (2)). It permanently affects 

inflation expectations and thus can be considered a permanent shock to inflation 

expectations, to which the CB reacts.  



501133-L-bw-Barnea501133-L-bw-Barnea501133-L-bw-Barnea501133-L-bw-Barnea

34 
 

 
Figure 1. The effect of A on the expected inflation 

 
As can be seen in Figure 1, such an increase in A will lower inflation 

expectations, causing it to be below its target, and reduce the probability of success of 

the physical investment (see Figure 2), resulting in a negative deviation of financial 

stability from its target. 

 
Figure 2. The effect of A on (K) 

 

Suppose now that the CB policy restores inflationary expectations back to their 

target level, while ignoring the deterioration in financial stability. The CB reacts by 

decreasing its policy interest rate. Figure 3 displays the negative effect of the CB 

policy rate on expected inflation, enabling the CB to reduce or eliminate the deviation 

of inflation expectations from the target. In Figure 4 we display the monetary 

0.05
0.06
0.07
0.08
0.09

0.1
0.11
0.12
0.13
0.14
0.15
0.16

5.7 5.8 5.9 6 6.1 6.2 6.3 6.4 6.5 6.6

E
xp

ec
te

d 
in

fla
tio

n

A



501133-L-bw-Barnea501133-L-bw-Barnea501133-L-bw-Barnea501133-L-bw-Barnea

35 
 

transmission mechanism in our model from the policy interest rate to the deposit and 

loan rates (see Lemma 1)30F

31.  

 
 Figure 3. The effect of the policy interest rate on the expected inflation 
 

 
Figure 4. The effect of the policy interest rate on deposit and loan rates 

 
 From Figure 5 we learn that, since investment rises as a result of lowering the 

policy interest rate, it will further decrease the probability of success in the physical 

investment and exacerbates deviation of financial stability from its target induced by 

the shock to A. That is, in facing this shock to A, the CB is able to eliminate the 

deviations of expected inflation while worsening the financial stability stance 

                                                           
31 In Figure 4 we find the negative impact of the policy rate on the deposit rate, alongside with the 
positive impact of the policy rate on the loan rate. 
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Figure 5. The effect of the policy interest rate on (K) in different values 
of A 

Suppose now that following the aforementioned shock to A, the CB reacts by 

decreasing the capital ratio  (Figure 7) rather than by using its policy interest rate in 

order to get the inflation expectations back to its target. According to Figures 6 and 7, 

decreasing  will lower Kt) while increasing expected inflation. Thus creating a 

policy tradeoff in this case as well. In fact the tools of monetary policy and financial 

stability may complement each other in dealing with deviations from both targets 

provided they are used in conjunction. 

 
Figure 6. The effect of  on (K  
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Figure 7. The effect of  on the expected inflation 

 
5.2. Shock to the probability of success of the physical investment 

 Next we study the impact of a permanent negative shock to the probability of 

success of the physical investment, (Kit

(2a), which can be considered a shock to financial stability31F

32. As explained before, this 

shock is realized after the households and the commercial banks have already made 

their decisions of the current period. Their ex- t is 

unaffected. The CB however reacts to this shock only in period t+1 following the 

.  

 

(Kit) (Figure 6), while holding the 

policy interest rate and  constant. This shock causes financial stability (Kit) to fall 

below its target. Expected inflation at t however is unaffected and remains at its target 

since the ex-ante  is unaffected. From the relationships displayed in Figures (6) and 

(8) it can be seen that the CB can either increase  (Figure (6)) or increase its policy 

                                                           

32 Note that when evaluated at the equilibrium 0)( tK
, because Kt > 1.   
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interest rate (Figure (8)) to reduce the deviation of financial stability indicator (Kt) 

from its target.  

 
K) in different 

 
 

Suppose then that the CB increases  and restores financial stability. As can be 

seen in Figure 7, expected inflation will fall below its target. We get a similar result (in 

term of the deviation of the expected inflation from its target) in the case in which the 

CB decides to raise its policy interest rate rather than increase  Kt) (see 

Figure 8).  

Hence, similar to the impact of the shock to A, a policy tradeoff will emerge 

here too. A CB that is able to restore financial stability would not be able to 

simultaneously maintain price stability without taking in addition active policy 

measures aimed explicitly at this target. These results emphasize the need to 

coordinate price stability and financial stability policies.   

6. Conclusions 

In this paper we develop an OLG model to analyze the interactions between 

monetary policy designed to achieve inflation target and macro-prudential policy 

targeted to safeguard financial stability.  
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 The model identifies how and in which circumstances the tools of monetary 

policy can be used to achieve financial stability and vice versa. For example, when the 

CB interest rate reaches the zero bound, it can affect banking interest rates by 

adjusting capital requirements, which under normal circumstances is an instrument for 

regulating financial stability. This has important policy implications, since it gives an 

additional degree of freedom to central bank in its policy considerations.  

 Our results indicate that in a banking economy, following either a shock to 

expected inflation or to financial stability, the CB faces policy tradeoff when it uses 

either the policy interest rate or the capital requirement but not both to mitigate or 

eliminate the effects of the shock. Thus monetary policy aimed at restoring price 

stability should consider as well its effect on financial stability and vice versa. These 

effects  must be taken into account by the CB when selecting the tools in its policy 

toolbox. 

 Additional findings which contribute to the literature and have important 

policy implications include: 

i) Monetary transmission mechanism from the CB policy rate to the bank lending and 

deposit rates is affected by financial stability policy tools (required reserves and 

capital ratios). Financial stability policy, such as a change in capital adequacy 

requirements may affect the effectiveness of monetary policy. 

(ii) The collateral required from banks borrowing from the CB affects the outcome 

and effectiveness of monetary policy. It may in some cases completely offset or even 

reverse the impact of monetary policy on its targets.  

 (iii) Leverage constraints adopted voluntarily by banks or imposed by regulators 

within the framework of risk management, will mitigate and may even negate the 
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impact of monetary policy on bank loans, deposits and the banking interest rates and 

could impair the management of inflationary expectations. 
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Appendix A: Households' budget constraints     

The households' budget constraints of young and old individuals in periods t and t+1 

are specified for depositors, denoted j=1 (low endowment "poor" individuals), and for 

investors, j=2 (high endowment "rich" individuals), as follows. 

i) For the young individuals:   

 ,1w
p
d

c
t

t
t  ("poor"),                  (A.1) 

where dt are the bank deposits of the representative poor young and pt is the price of 

the consumption good in period t.  

 ,2w
p
l

kc
t

t
tt ( "rich").                (A.2) 

where lt are the bank loans of the representative rich young.  

Next we derive the old individuals' budget constraints. The state conditional 

budget constraints for the old individuals are as follows: 

ii) For old individuals of type j=1, who have deposited with the bank and the latter has 

not failed (i.e. with probability 1-qt+1) we have 

t
t

dt

t

t
tt d

p
iI

Np
c

11

1
11

)1(                 (A.3) 

t+1 are bank profits of period t+1, t+1 is the dividend payout share of bank 

profits, I denotes the number of banks and N denotes the number of individuals in 

each generation. 

(iii) For old individuals of type j=1, who have deposits with the bank and the latter 

has failed (i.e. with probability qt+1) we have 
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t
t

dt

t

t
t d

p
i

I
Np

c
11

1
1

)1(
               (A.4) 

where  is the fraction of the insured deposits. We assume that in making their 

choices at period t, individuals base their decisions on  

and qt+1.  

(iv) For old individuals of type j=2, who successfully get the return on their real 

investment kt (with probability ), we have 

t
t

Lt

t

t
tt l

p
i

I
Np

kfc
11

1
1

)1(
)( .               (A.5) 

 (v) The old individuals of type j=2, who get zero in return for his/her real investment, 

and thus default on their loans (with probability 1- ):, we have 

.
1

1
1 I

Np
c

t

t
t                  (A.6) 

Note that there is no collateral which the commercial bank can recover ex-post in this 

case.  

 Next we pre-multiply equations (A:3)-(A:6) by their respective perceived 

probabilities and then consolidate constraints (A:3) with (A:4), and (A:5) with (A:6) 

to get the two period t+1 state unconditional expected budget constraints of the old 

individuals  

t

t

tt

dt
t

t

t
tt p

d
pp

i
qI

Np
cE

1
1

1

1
1

)1(
))1(1(   (for depositors),              (A.7) 

)
)1(

)((
11

1
1

t

t

tt

Lt
t

t

t
tt p

l
pp

i
kfI

Np
cE   (for investors).                (A.8) 
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Note that the perceived probability qt+1 is known and is determined at equilibrium 32F

33.  

To simplify the notation let Rdt be defined by 
tt

dt
tdt pp

i
qR

/
1

))1(1(
1

1  

and RLt be defined by 
tt

Lt
Lt pp

i
R

/
1

1

. We can rewrite (A:7) and (A:8) as follows 

t

t
dtt

t

t
tt p

d
REI

Np
cE

1

1
1     (for depositors),            (A.9) 

t

t
Lttt

t

t
tt p

l
REkfI

Np
cE )(

1

1
1   (for investors).           (A.10) 

Note that pt+1 in (3c) and (3d) is the expected price of the consumption good, given 

the perceived values of t and qt+1. For both types of individuals the ex-post period 

t+1's consumption may deviate from the expected consumption due to the difference 

between the perceived and actual values of  

Appendix B: Expected profit functions 

 The conditional expected period t+1 bank's profits when the realization of the 

systemic risk has not occurred (with probability 1-qt+1) is given by  

mtmt
i
tdt

i
tLt

q
tt liDiLiE 1

1 .                (B.1) 

The conditional expected period t+1 bank's profits/losses when the realization of the 

systemic risk does occur (with probability qt+1) and the bank becomes insolvent is 

given by33F

34 

mtmt
i
tdt

i
tLt

q
tt liDiLiE 1 .                (B.2) 

                                                           
33 See equation (8a) for the determination of qt+1. 
34 We assume here that even when there is a realization of systemic risk and the deposit insurance has 
been activated, still due to the “haircut” of the depositor return the commercial bank may realizes 
positive profits, which are then distributed to the shareholders. 
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The term tdt Di  in (5b) is part of the obligations of the CB to depositors when deposit 

insurance is activated. 

Appendix C: Semi-Log linear consumer’s preferences 

 In order to analytically trace better some of the equilibrium characteristics in 

our model economy, we assume in this appendix that the consumers' preferences are 

semi-log linear that is, take the form 

11 log),( tttt ccccu                 (C.1). 

In this case the MRS is 
tc

1 . Individuals with these preferences are indeed risk 

neutral. For simplicity and without loss of generality we further assume that the 

number of banks is one, I=1. 

 Next we utilize (3a) and (11a) to get the individual’s supply of bank deposits 

dtt

t

R
w

p
d

1
1

1 ,                  (C.2) 

We solve for the investor’s demand for the capital stock, we get from the definitions 

of the functions f(kt) and (10b) 

1
1

1

1
1

)1(

1)(

tt

Lt
t

pp
i

Ak ,   all t.                (C.3) 

With this solution we use (2) to solve for the return on the physical investment 

1

1

1

)1(

1)()(

tt

Lt
t

pp
i

AAkf ,  all t.               (C.4) 
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 We can now use (3b), (10a) and (10b) to get the investor’s demand for bank 

loans as follows 

otherwise                         

0  if  1

2

1
2

2

w

k
R

w
p
l tt

Lt
t

t                  (C.5) 

And finally equating the RLt+1 to the expected marginal productivity of capital, as is 

required from (10b) yields 

Lt
t

t R
k
kf )(                   (C.6) 

Appendix D: Proofs of Lemmas and Propositions 

Lemma 1: If constraint (4b) binds, then a necessary condition for the inflation 

expectations to be negatively affected by the CB monetary rate imt, is that the expected 

return on deposits, dtt iq ))1(1( 1 , decreases when the CB increases imt. 

Proof of Lemma 1. 

Suppose constraint (4b) binds and that inflation expectations are negatively affected 

by the CB imt. By way of contradiction suppose that the CB increases imt and thereby 

dtt iq ))1(1( 1  increases as well. Using (13c) and (13d) to eliminate 3 we get 

)1()1())1(1(11 1 rriqrrii dttmtLt .            (D.1) 

It is apparent from (D:1) that if the CB increases imt and by supposition the expected 

nominal return on deposits dtt iq ))1(1( 1  increases as well, then the nominal 

lending rate iLt, will follow suit and increases too. 

 By (4b) and (4e) and since FKt is predetermined, we have that in equilibrium 

extending more banking credit must be accompanied by raising more public deposits 
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and vice versa. Therefore to support these changes in the quantity demanded and 

supplied in equilibrium, the real lending rate and the expected real deposit rate must 

be changed in opposite directions. It means that when the CB increases imt the 

inflation expectations must go up to make one of the real rates to fall, which 

contradicts the supposition. 

Q.E.D  

Lemma 3. In an equilibrium with Dt > 0, the following inequality must hold 

0))1(1( 1 dttLt iqi .                (D.2) 

Proof of Lemma 3. 

Assume inequality (3) is satisfied and in addition that there exists an equilibrium with 

Dt >0. Since constraint (4b) is binding we have that lmt = rrDt. From the commercial 

bank resource constraint we then have Lt = Dt + FKt. Substituting this for Lt in the 

expected t+1 profit of the commercial bank (5) yields 

tLttmttdttLttt FKiDrriDiqiE )))1(1(( 11            (D.3).  

Since FKt is predetermined, it is immediate from (D.3) that unless (D:2) holds 

commercial banks will not accept the individuals’ deposits which contradicts the 

supposition Dt > 0, which completes the proof.  

Proposition 1. Given in our economy that inequality (3) is satisfied and if the 

probabilities  and 1-(1- qt+1 are such that the following inequality dtLt RR  holds, 

and if there exists an equilibrium for our economy with Dt > 0, then it is a separating 

equilibrium where individuals of type 1 deposit funds in the banks and do not invest 

in the physical capital, while the individuals of type 2 invest in the physical capital 

and do not in the banks’ deposits.  
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Proof of Proposition 1. Assume inequality (3) is satisfied and further that dtLt RR . 

Assume in addition that there exists an equilibrium with Dt >0. By assumption we 

have that 

tt

dt
t

tt

Lt

pp
i

q
pp

i

1
1

1

1
))1(1(

1
.               (D.4) 

For the rest of the proof we rely on the first-order conditions of individual of type j 

pertaining to the choice of t
t

t

t

t k
p
l

p
d

,, , respectively: 

,0
1

))1(1(
1

1121
tt

dt
ttt pp

i
q               (D.5) 

where 121 , tt  are the Lagrange multipliers of period t budget constraint when 

young and period t+1 budget constraint when old, respectively. 

,0
1

1
121

tt

Lt
tt pp

i
                (D.6) 

.0121 ktt f                  (D.7) 

Consider an individual who deposits at the bank, dt > 0. Given her choice (D:5) is 

satisfied with strict equality. From (D:4) and (D:5) we have that (D:6) is strictly 

negative, which implies that the individual can do better off by reducing her choice of 

lt to zero. Since by construction inequality (3) is also satisfied, individual of type 1 

who deposits at the bank hasn't got enough endowment to invest in kt. 

 Finally, for individual of type 2, who invests in kt and borrows lt, condition 

(D:6) is satisfied with strict equality. Therefore by (D:4) condition (D:5) is strictly 

negative, which implies that the individual can do better off by reducing dt to zero, 

which completes the proof.   



501133-L-bw-Barnea501133-L-bw-Barnea501133-L-bw-Barnea501133-L-bw-Barnea

50 
 

Q.E.D 

Proposition 2. There is no partial use of the monetary loans the CB extends to the 

commercial banks. Either there is no use at all of these loans or the bank exhausts all 

of its collaterals and tmt rrDl . 

Proof of Proposition 2. Let the expected real dividends paid out by the banks to the 

representative old consumer be denoted by I
pN

E

tt

tt
t

1

1
1  and without loss of 

generality we assume I=1 (there is one representative commercial bank). Note that we 

can combine the expression for the expected profits (5c) and the resource constraint 

for the bank (4e) to get the following expression for the expected dividends payment 

}
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))1(1(         
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iqi
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             (D.8) 

where the optimal t is chosen to have constraint (4a) satisfied with equality. There 

are two expressions in the RHS of (D:8) that appear in squared brackets. The first one 

can be analyzed using equilibrium condition (13d) and the second one can be 

analyzed using condition (13c). For now we deal only with the latter, that is, 

substituting from (13c) into (D:2) to yield 

}
1
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From which we get Result 2 regarding the commercial bank use of the CB monetary 

loans. 

 From the second line in (D:9) it appears that either lmt=0 (there is no use of the 

monetary loans) or constraint (4b) is binding, 03t . Suppose to the contrary that 

the commercial bank maximizes its profits, constraint (4b) is not binding 03t  and 

lmt>0. Recalling that the market for bank deposits is competitive (i.e. idt+1 is given for 

the commercial bank) and since 0
1 rr

rr , we get from the second line of (D:3) that 

the combination of lowering lmt simultaneously with increasing dt such that lt remains 

unchanged will increase the expected profit of the bank, which constitutes a 

contradiction. This completes the proof.  

Q.E.D 

Proposition 3. If the maximum leverage constraint is binding at the equilibrium 

banking interest rates for all individuals, then the monetary policy shocks (changes in 

im) have no effects on Lt, Dt, kt, and no effects on iLt and therefore have no effects on 

expected inflation. 

Proof of Proposition 3. If the maximum leverage constraint is binding at all interest 

rates and for all individuals and given that only individuals of type 2 use bank's loans 

then the loans outstanding real balances will be constant at the amount of 2 per 

individual (see (4g)). By the bank's resource constraint (14a) the derived amount of 

deposits will also be constant. Therefore the bank which maximizes the dividends 

payout will set its lending rate, iLt, as high as possible so long as the leverage 

constraint is binding, irrespective of the monetary policy rate, imt. As for the choice of 

kt by individuals of type 2 and the equilibrium expected inflation rate, 
t

t

p
p 1 , they are 
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exclusively and simultaneously solved from the set of equations (11b) and (C:4) in 

appendix C, as function of iLt which is given. This completes the proof. 

Q.E.D 
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Chapter Two: Reflections on the failure of the Taylor principle under 
commitment 
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Reflections on the Failure of Taylor Principle under Commitmenta,b  

 

 

 

 

 

 

Abstract 

We offer an explanation of why optimal policy under commitment requires weaker reaction to 

supply shock, reflected in the failure of the Taylor principle. This lesson seems to be 

prevalent among central banks and yet has been analyzed incomprehensively in the economic 

literature. 
  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
___________________________ 
a This paper has been published in Economics Letters, 112 (2011) 71-74. 
b Coauthor: Nissan Liviatan, Department of Economics, Hebrew University, Jerusalem, Israel. 
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1. Introduction 

The Taylor principle ruled monetary theory and practice for years and it is still 

the predominant view among economists even now (see, for example, Smets & 

Wouters, 2003) when the ability to commit has increased. However, recent authors 

have indicated that under a regime of commitment, the Taylor Principle fails; see, for 

example, Clarida et. al. (1999), henceforth CGG, who treat this finding suspiciously 

(as explained below) and Svensson & Woodford (2003), (henceforth SW), who imply 

this failure without stating it explicitly. The failure is in the sense that following a 

shock to expected inflation, the optimal policy is to raise nominal interest rate by less 

than the shock. In this paper we explain this phenomenon. We base our derivation on 

the model of SW in the framework of an equilibrium from a “timeless perspective”. 

The key feature is that under optimal policy in discretion expected inflation is 

negatively related to the level of the output gap, whereas under credible commitment 

it is negatively related to the change in the output gap level, including the initial 

period. With credible commitment the optimal policy reacts less vigorously following 

a supply shock. 

2. Failure of the Taylor principle under commitment 

Suppose the policymaker seeks to minimize 

)(
2
1 22

0

0

0 tt
tt

tt
t xE                     (1) 

where t is inflation, xt is output gap (the difference between actual and potential 

parameter and 
0t

E is expectations operator taken in the present period, 0< <1 is the 

discount factor. 
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There is a forward-looking aggregate supply (AS), or Phillips curve, given by 

ttttt uxE 1   with  ttt uu 1 ,  0< <1                (2) 

where ut is a supply shock which follows an AR(1) process with  being a white noise, 

and  >0.  

There is an IS function, given by 

),( 11
n

ttttttt rEixEx                    (3) 

where it is nominal interest rate and n
tr  is exogenous marginal product of capital 

which we treat as a constant. 

Under commitment the first-order conditions (FOC) are  

0ttx                       (4) 

01 ttt .                     (5) 

for all t, where t is the Lagrange multiplier34F

35 associated with (2). Eliminating the ts 

and advancing one period, yield 

11 ttttt ExxE , t t0.                  (6)   

In discretion we set t-1=0 for all t, and get instead of (6) 

11 tttt ExE , t t0,                 (7)     

where the level of the output gap replaces the change in it. Solving for it from the IS 

equation (3) we obtain 

                                                           
35 Gali (2008) assumes that for the present period t0, 010t

, which contradicts  SW. 
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)(1
11 ttt

n
ttt xxErEi .              (8) 

Under commitment we substitute (6) in (8) to have the optimal rule 

n
ttt rEi 1)1( ,  t t0,               (9) 

which shows that the nominal interest rate rises less than expected inflation (contrary 

to the Taylor principle). Here we follow SW in assuming that t0 is the present period, 

but not the first one.  

This rule (9) appears explicitly in CGG, who treat it with suspicion. They 

point out that “a rule of this type may permit self fulfilling fluctuations in output and 

inflation that are clearly suboptimal” (p.1683). They maintain that a rise in the 

aggregate demand, gives rise to an increase in inflationary expectations, and in this 

situation a drop in the real interest rate will further stimulate the demand.  

SW (p. 22) show that rule (9) does not lead to indeterminacy in their model, 

and enables a unique and stable equilibrium, without mentioning the connection to the 

Taylor principle. Gali (2008) prefers to state his conclusions in terms of the levels of 

prices. His analysis, based on our equation (5) is satisfied at all t 

adjusted by us for 10t
 

of commitment.    

In discretion we substitute (7) in (8) and use the FOC to obtain 

,0   ,  and  ,)1(1  , 11 qquErEi tttt
n

ttt                (10)                      

which is consistent with the Taylor principle (CGG). 

3. Explanation of the Failure 
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We have to explain why in discretion the optimal policy is based on the level 

of the output gap, while in commitment it is based on its rate of change. Let us 

examine equations (4) and (5). In discretion it is not allowed for the policy making to 

rely on lagged values ( t-1=0 in (5)). This prevents the reference of the policy to the 

change in level in t0. By contrast, the credible commitment regime is based on lagged 

values (the essence of commitment). So it enables the support of the past to have the 

change of output gap enter the optimal rule. Consequently under commitment the 

optimal reaction to supply shock is less vigorous. 

Alternatively, we observe (from (9)) that under commitment 

)(1
n

ttt rrE  where rt is the ex-ante real interest rate. An increase in rt 

lowers inflation expectations. Reversing this relationship we have that under 

commitment an increase in expected inflation lowers the real rate of interest (opposite 

to the Taylor principle). In discretion an increase in the real interest rate is associated 

with a rise in inflationary expectations (equation (10)). This, in turn, raises the real 

interest rate (  >1 in (10)). 

The upshot is that commitment enables the policymaker to have a lower 

inflation in future periods at the cost of limiting his freedom of action at present. 

 

4. Impulse Response35F

36 

So far we considered the impact effect in period t without examining the 

dynamics in future periods. Is the Taylor principle violated in commitment only on 

impact or is this property relevant also for future periods? What in this context is the 

                                                           
36 A similar analysis is carried by Gali (2008) pp. 99-100. However, our analysis is directed to the 
Taylor principle. 
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role of serial correlation? To deal with these questions we find it useful to conduct an 

impulse response experiment.  

For this illustration we use parameters’ values (Table 1) that are commonly 

used in calibrated models of macroeconomics36F

37. Now suppose a positive temporary 

shock, ut, afflicts the economy in period t, assuming that this is the only shock that 

occurs (past and future) so that ut t in (2). What are the dynamics that 

emerge in the inflation expectations and the output gap under discretion vs. under 

commitment? We answer these questions in Figures 1-3. 

The parameter  Value 

 0.98 

 0.20 

 0.50 

 0.60 

rn 0.02 

 0 

x* 0 

deriveda c 0.76 
a as is derived in SW. 

Table 1. The values of the parameters and the steady-state variables 
used for the impulse response simulations. 

In discretion it follows from the FOC ((7) and (10)) that an increase in ut will 

cause xt to fall. The policymaker has an incentive to use surprise inflation to reverse 

the effect of the shock. Accordingly, the inflationary expectations will rise and by 

(10), both the nominal and the real rates of interest will increase. The Taylor principle 

is upheld (Figure 1). 

                                                           
37 We did not impose conditions for uniqueness of equilibrium for discretion.  
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Figure 1. The Impulse Responses to a 1% Positive Nominal Shock to Aggregate 
Supply Under Discretion ( =0.75). 

 

  To deal with commitment we need introductory calculations. Substituting 

from (6) into (2) yields the following second order difference equation 

11ˆ    with1ˆ
2

11 auxxax tttt .                    (11) 

SW show (p 17) that the characteristic equation corresponding to (11) possesses two 

real roots: 0 < c <1 denotes the smaller real root of the characteristic equation, and a 

larger root that is given by 11
c

. The destabilizing effect of the latter is eliminated 

by setting its coefficient equal to zero. So the dynamic system is stable and its 

stability depends only on the homogeneous part and hence is independent of the 

shocks.  
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With  > 0 in (2), the standard solution for xt in (11), assuming saddle path37F

38 

stability, is 

1
1

1)(
j

tjt
j

t cxuccx                   (12) 

Taking expectations at t and using j
tjtt uuE  we obtain  

11 tttt cxu
c

cxE .                 (13)   

Denoting 0
1

A
c

c  we get  

tttt xcxAuxE
t 1

.                   (14)     

Using (14) and ut = t-1 + t to get 

tttt cxuAxE 1 .                   (15)  

From (13) and that initially xt-1= x* = 0, we then obtain  

xt = - Aut.                     (16) 

From (6) we get )( 1ttt xx  and thus for the initial period t, assuming that 

initially t-1 = 0, we have 

.ttt Aux                    (17) 

Finally, from (6), (14) and (15) we get for t  

)))(1(()( 111 jtjtjtjttjtt cxxcxxEE .             (18) 

For j=0 when the shock occurs and xt-1=0 we have 
                                                           
38 See for example Obstfeld-Rogoff (1996), 726-741. 
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ttt xcE ))(1(1 ,                (18a) 

where the sign of (1-( +c)) is ambiguous and there are two possibilities: (i) A low  

where (1-( +c)) is positive and (ii) A high  where it is negative.  

Under commitment, the public trusts the policymaker to pursue the declared 

policy of low inflation. Based on this trust, the policymaker knows he can reduce the 

nominal interest rate. The equilibrium solution involves lowering the interest rate by 

less than the fall in the inflation expectations and thereby raising the real interest rate 

to regain the steady-state equilibrium.  

 

Figure 2. The Impulse Responses to a 1% Positive Nominal Shock to Aggregate 
Supply Under Commitment ( =0.2). 

 

  The shock is a surprise and therefore in both commitment and discretion 

there is a rise in current inflation and a drop in current output gap (see equations (16) 

and (17)). The expected inflation for j>0 is influenced by the lagged output gap and is 
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given by (18). Under discretion the surprise rise in inflation in t is carried over to 

expected inflation, while under commitment the latter may take an opposite turn 

(Figure 2).  

 

Figure 3. The Impulse Responses to a 1% Positive Nominal Shock to Aggregate 
Supply Under Commitment ( =0.75). 
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5. Conclusions 

Credible commitment allows a less vigorous optimal reaction of the central 

bank to supply shock, and it enables enjoying low inflation in the future. It produces 

the negative association of real interest rate with inflation expectations along the 

stable saddle path. These results are reflected in the failure of the Taylor principle. 
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Chapter Three: Dynamics of Banks' Capital Accumulation 
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Dynamics of Banks' Capital Accumulationa,b 

 

 

 

 

 

 

Abstract 

We construct a dynamic neoclassical model of banking capital where the dynamics are governed by the 
process of financial capital accumulation and credit risk realizations in a structure where stylized 
banking characteristics are maintained. This is aimed at focusing on how the profit maximizing capital 
ratio of banks evolves and how it reacts to exogenous shocks particularly so during periods of 
prolonged downturn of the economy. We examine impulse responses of our model to credit risk shock, 
business cycle shock and monetary policy shock. The convergence of financial capital to its optimal 
level is also explored.  
 

 

.  
 

 

 

 

 

 

 

 

___________________________ 
a. This paper has been published in the Journal of Money, Credit and Banking, 46(4) (2014) 779-816. 
b. Coauthor: Moshe Kim, Department of Economics, University of Haifa and NYU Shanghai, China. 
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How long does it take for the stock of bank's financial capital to return to its 

optimal level following a negative shock, and what is the mechanism that governs its 

dynamics? These issues become particularly relevant for the aftermath of the recent 

financial crisis and possible subsequent developments. To explore these issues we 

construct a dynamic neoclassical model of banking capital where the dynamics are 

governed by the process of financial capital accumulation and credit risk realizations. 

This is aimed at focusing on how the profit maximizing capital ratio of banks evolves 

and how it reacts to exogenous shocks particularly so during periods of prolonged 

downturn of the economy. 

Additionally, it is known that when shocks hit the financial system and in 

particular the banking sector it propagate business cycles (Reinhart and Rogoff 

(2009)). However, bank capital is absent from most of the recent contributions in 

developing dynamic stochastic general equilibrium (DSGE) models with financial 

frictions implying that bank lending is unaffected by their capital position. This 

however is inconsistent with evidence indicating that bank capital affects bank 

lending and economic activity (Peek and Rosengren (2000), Kishan and Opiela 

(2000), Van den Heuvel (2007)). For example, the need to increase the capital ratio 

may lower the supply of credit to an economy that already suffers from severe 

downturn. The banking model introduced here can in fact be integrated into the DSGE 

model to capture financial frictions in line with recent developments in the literature 

(Curdia and Woodford (2011)). We enrich the modeling of financial frictions by 

explicitly introducing features intrinsic to the banking sector such as market 

discipline, adverse selection, moral hazard, monitoring and imperfect competition. 

 We define financial capital as the amount of capital that is available for the 

bank as a source for the financial intermediation task. The potential sources for the 
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financial capital are retained earnings, debt and equity. The pecking order theory 

(Myers and Majluf 1984) states that companies prioritize their sources of financing 

(from internal financing to equity) according to the cost of financing. In fact as has 

recently been argued by Covas and Den Haan (2011) financing analysis should focus 

on the various types of financing instruments separately and not simply the sum of 

which, because the various instruments have different contractual features and 

financing constraints. In fact economic downturns may impact these instruments 

differently. Consistently with this notion, our model is designed to begin the analysis 

of capital dynamics in an environment where retained earnings are the only source of 

financing and thereafter we add debt financing. 

The recent severe financial crisis during which financial institutions realized 

extreme losses showed that the price of raising capital via equity markets could be 

extremely high and prohibitive or put similarly, equity markets were basically 

unavailable for banks to raise capital. Between May 2007 and March 2009 there was 

an unprecedented decimation of stock market value as European and American banks 

lost in the region of €3 trillion in stock market capitalization. This corresponded to an 

82% decline in their aggregate stock market capitalization and represented the largest 

materialization of bank risk since the Great Depression (Altunbas, Manganelli and 

Marques-Ibanez 2011).38 F

39 See also Bolton and Freixas (2000) who observe that banks 

face substantial costs of issuing equity. Our analysis is consistent with the above 

notion that the issue of new equity is too expensive for the banks during seve+re crisis 

period. This important constraint on raising capital is crucial when modeling the 

dynamics of banks financial capital during severe downturn periods of the economy. 

Acharya, Gujral and Shin (2011) have recently documented that during the recent 

                                                           
39 Also, see Chart E.2 in European Central Bank (2011). 
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financial turmoil the composition of new bank capital has changed with most of the 

new capital being raised in the form of debt and that from 2000 to 2008, a total of 

$1.76 trillion of capital was issued by the banks “but a staggering $1.64 trillion out of 

this – that is, 93.2% - was in fact raised in the form of debt” (p.6). Banks in fact were 

net buyers of common equity rather than issuers. They also show that when leverage 

is measured as the ratio of total assets to common equity, the leverage of the banking 

sector in the US and Europe has risen relentlessly during the crisis39F

40.  

The aforementioned discussion and (to some extent the indirect) evidence 

points to the fact that during periods of severe economic crises, such as the recent one, 

dictates studying banks’ financial capital dynamics that relies on banks’ own 

profits/losses, as issuance of new equity capital is prohibitive.40F

41 This is the strategy 

taken in the present paper. 

Allen, Carletti, and Marquez (2006) report that the stock of financial capital 

held by banks varied substantially over time more than can be accounted for by 

changes in regulations. Capital ratios fell dramatically in the U.S. up until the end of 

the 80's and recently have increased again up to the current outburst of the sub-prime 

financial crisis and most U.S. banks held financial capital in excess of the regulatory 

minimum.41F

42  Flannery and Rangan (2008) have recently documented that there is little 

evidence that supervisory pressure can account for the build up in bank capital. Thus, 

the aforementioned findings imply that there is a need to look elsewhere (beyond 

                                                           
40 As, documented by Frank and Goyal (2008) large public firms primarily use retained earnings and 
corporate bonds. Many US banks are of the latter type. 
41 Note that this evidence is consistent with very costly equity, and in this sense it is indirect. 

42 Recent evidence in Flannery and Rangan (2008) suggests that bank capital ratios have increased, 
with banks in the U.S. now (up to the Sub-prime credit crisis) holding capital that is 75% in excess of 
the regulatory minimum. For the non-binding capital requirements in the last decade see Boot and 

Thakor (2000). Barth, Caprio and Levine (2006) document international evidence. 
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regulations) in order to explain the dynamics of banks' financial capital accumulation 

processes.  

There is a vast literature on the role of capital in financial institutions, Allen, 

Carletti, and Marquez (2006), Diamond and Rajan (2000), Berger, Herring, and Szego 

(1995), to mention a few. There is also a view that financial capital in banking is a 

residual. But deviations from an Arrow-Debreu frictionless economy give rise to 

equilibrium features that to various degrees depend on the stock of financial capital 

held by financial institutions. In such environments financial institutions may enhance 

market values by choosing an optimal stock of financial capital. As succinctly 

stipulated by Berger, Herring, and Szego (p.395): “This market ‘requirement’, which 

may differ for each bank, is the ratio toward which each bank would tend to move in 

the long run in the absence of regulatory capital requirements.…sanctions for 

departure from market capital ‘requirements’ are two-sided in the sense that the value 

of the bank will decline if it has either too little or too much capital.” 

Our treatment of the concept of financial capital is similar to that of Diamond 

and Rajan (2000), that is, we think of financial capital as representing softer claims, 

relative to public deposits, such that the bank finds it optimal to partially finance itself 

with and that can be renegotiated in bad times. These are long-term claims without a 

first-come-first-served right to cash flows. We examine the dynamic relationship 

between the warranted growth of the stock of financial capital and its natural rate of 

growth. The warranted rate being the growth rate that maintains the equality between 

the financial intermediary planned investment in financial capital and its planned 

retained earnings net of its portfolio’s expected risk losses. The natural rate is the 

long-run steady-state rate of (balanced) growth of financial capital, where the 

financial intermediary’s balance sheet grows at a sustainable constant rate. 
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Financial capital, as much as other banking liabilities, serves as a productive 

input for the financial intermediation (Diamond and Rajan (2001), Bolton and Freixas 

(2006)). Its dynamics affect the supply of financial intermediation services. 

Deviations of capital ratios from their steady-state ratios are unsustainable and of 

short-run nature. They could, however, generate instability in the financial system as 

well as protracting the effects of adverse shocks to the economy (e.g. if they are 

procyclical) (See Jordan, Peek and Rosengren 2002). We explicitly relate these 

deviations to the deep parameters of the economic environment. 

An important aspect that has not been attended to in the literature is that 

financial capital is a state variable (much like physical capital) and is not merely a 

pure choice variable. Similar to physical capital in its role in the real economy, 

financial capital is an input in the financial intermediation process and like the 

depreciation process of the former, financial capital is constantly depleted by risk 

realizations, and is augmented by investment (in retained earnings). The implication 

for financial capital evolution is that moving from one state to another involves 

dynamics, a part of which is under the control of the financial intermediary, but the 

other is a consequence of risk and other environmental realizations and beyond the 

direct control of the financial intermediary.  

In Diamond and Rajan (2000) financial capital is given the role of a strategic 

variable. In line with the aforementioned distinction, there are circumstances in which 

a state variable is an inefficient strategic one. For example, a bank that is highly 

exposed to credit risk will find it very difficult, if not impossible, to maintain its 

financial capital at the desired (strategic) level (Flannery and Rangan (2008), 

Saunders and Schumacher (2000)). Furthermore, interpreting Diamond and Rajan 
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such that the long-run capital ratio is the strategic choice42F

43, makes the deviations from 

the long-run rate play a paramount role in the design of financial intermediation. Our 

paper studies these deviations and the convergence to steady-state position. 

 There are few studies pertaining to the dynamics of financial capital. Froot and 

Stein (1998) show that a bank investing in illiquid assets may adjust its capital ratio to 

accommodate its exposure to liquidity risk. The dynamics of adjusting capital 

structure in their model depends on the assumed adjustment costs of raising new 

equity capital. Peura and Keppo (2006) introduce a recapitalization delay such that the 

bank liquidation probability will be strictly positive and study its effect on the bank’s 

capital accumulation. We depart from this literature in which deviations from the 

target stem from an imperfect adjustment mechanism usually in the form of 

adjustment costs (see also Berger, DeYoung, Flannery, Lee and Oztekin, 2008). The 

deviations in our model emanate from having insufficient profits and retained 

earnings to suitably augment the capital ratio, in particular in times when financial 

markets are weak, and the cost of raising capital in the equity market is just too high. 

Available studies are silent to either stylized features of banking or market 

structure all of which may affect the dynamics of capital accumulation in general and 

during problematic periods in particular as these features exert severe pressures on 

retained earnings which are the major source available for capital accumulation 

during these periods. Chen (2001) studies the interaction between the banking sector, 

asset prices and aggregate economic activity but specifies a competitive banking 

system, while most banking sectors are imperfectly competitive. A competitive 

structure is also specified in a recent DSGE model by Meh and Moran (2010). This 

could be a major shortcoming since profits are the main sources for financial capital 

                                                           
43 Memmel and Raupach (2007) find in their empirical investigation of the adjustment process of 
German Banks capital ratio, that most of the banks in their sample set a target capital ratio. 
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accumulation, particularly so during periods of weak financial markets. Estrella 

(2004) uses a variant of the classical inventory or cash management models to study 

the cyclicality of bank capital but is silent regarding important stylized features which 

are prone to affect the dynamics of capital accumulation. We take account of these 

features that we believe characterize the banking sector and thus should not be 

excluded. They include non-competitive market structure, borrowers' adverse 

selection and moral hazard intrinsic to banking (Stiglitz and Weiss 1981, 1983), as 

well as monitoring and market discipline where banks with larger capital ratios pay 

lower interest rates on deposits (Flannery and Nikolova 2004).43F

44 We model the 

aforementioned features by specifying exogenously determined functions maintaining 

these features.44F

45  

To study our model reaction to various shocks, we estimate the exogenously 

given demand for loans, supply of deposits and a risk function, utilizing U.S. banking 

peer group data (1995 – 2006)45F

46. We then subjected our model to various shocks and 

explore the impulse response functions (IRF). It is noted that for the integration of our 

model into the DSGE model, one need not estimate these demand and supply 

schedules independently but rather use the ones generated by the DSGE model. 

Curdia and Woodford (2011) for example, have recently introduced heterogeneity in 

spending opportunities, rather than adopting a "representative household" in the 

DSGE model, to have financial intermediation matters, and simultaneously introduce 

imperfections in private financial intermediation.46F

47 Our contribution is in that the 

banking model we introduce treats financial capital as a state variable and takes into 

                                                           
44 Flannery and Rangan (2008) document that market disciplinary forces appear to have a larger impact 
on capital ratios than regulatory standards do. 
45 It means that for the integration of this model into a DSGE model, the latter must have these features 
emerged endogenously in the supply of deposits and the demand for loans. 
46 The sample of the US banking data we use ends at 2006 because of a data availability constraint. 
47 See also Glocker and Towbin (2012) as an attempt to integrate financial intermediation into the 
DSGE model. 
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account important classical banking stylized features as well as imperfectly 

competitive market structure. 

In line with Allen, Carletti, and Marquez (2006), but for a different reason, we 

find that stricter market discipline will impel the intermediary to rebuild capital by 

paying less to shareholders and thus accelerates financial capital accumulation 

through its effect on profits. We also find that cost efficiency increases steady-state 

financial capital ratio. This result is an important addition to the ongoing debate 

regarding the relationship between competition and stability in the financial 

intermediation sector and has important policy implications regarding competition 

enhancement (merger) policies (Allen and Gale (2004), Berger, Klapper and  Turk-

Ariss (2009)). A permanent shock to credit risk in our model slows down capital 

accumulation and reduces steady-state capital ratio. Resorting to monitoring of 

borrowers has opposing effects on the financial capital accumulation process. It 

increases costs thereby reducing profits and investment in financial capital stock, 

while simultaneously reducing credit risk realizations thereby accelerating the 

accumulation process. 

In our model the financial intermediary's prudent credit risk policy involves 

adjusting the interest rate as well as the financial capital to variations in credit risk. It 

implies that the loan interest rate can not be fully adjusted to take account of these 

variations otherwise it would have been sufficient in handling this risk. 

 The remainder of this study is organized as follows. In section 1, we describe 

the model. Section 2 derives equilibrium characteristics, including the financial 

capital accumulation process, its characteristics, its steady-state and the possibility of 

accumulating financial capital by issuing debt in capital markets. In section 3 we 

present empirical applications and conclude in section 4. 
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1. The model 

We utilize a simple (discrete time) dynamic model where we adopt the 

neoclassical approach to capital accumulation and apply the Ramsey growth principle 

to the choice of financial capital by the financial intermediary. Since we study the 

dynamics (rather than the role) of financial capital, we postulate relationships that 

reflect prevalent financial intermediation (stylized) characteristics and which are 

known to be empirically significant.47F

48 

 Accordingly we let financial intermediaries, in satisfying demand for financial 

services, maximize their market values (the present value of the stream of dividends) 

while exposing themselves to credit risk. Banks strive to optimally accumulate 

financial capital both as a resource for the financial intermediation function, to reduce 

the cost of attracting public deposits (market discipline), as well as to absorb losses 

propagated by credit risk realizations. The size of the latter depends, among other 

things, on interest rates the financial intermediaries charge (adverse selection), as well 

as on a known risk distribution. 

 The financial capital stock is augmented by investments in retained earnings 

and of course depleted by realizations of credit risk. But its dynamics also depend on 

the conditions under which banks can raise new capital in the equity market. The 

extent to which they turn to the equity market depends on the conditions there as well 

as on the banks' own financial standing. While decentralized capital market for raising 

equity capital exists, a bank shocked with negative realization would find it extremely 

difficult or awfully expensive to exercise this option, particularly so under general 

unfavorable conditions (e.g., systemic financial crisis). Note that this is the case with 

which we are mostly interested in the present study, because the building up of the 

                                                           
48 For a survey of the empirical research findings regarding bank capital see Sharpe (1995). 
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financial capital stock is usually needed only after the realization of pronounced 

unfavorable shocks. 

 We therefore assume away in our model the opportunity for banks to raise 

capital in the equity market (Acharya, Gujral and Shin (2011)). Under this treatment, 

capital accumulation relies mainly on the retained earnings of the bank and on its 

charge-offs. We do allow banks to issue bonds (section e) and determine the 

conditions under which a bank resorts to this alternative. 

1.1 The structure of the model 

 We consider an economy with large number of agents who turn to financial 

intermediation both in order to smooth life-time consumption and to finance 

investments in feasible projects. Financial intermediaries face an exogenous aggregate 

credit demand schedule Cr[rct] and a perfectly elastic supply of deposits Dt, at deposit 

rate rdt, t = 1, 2,…, where rct, is the credit interest rate. 

 The balance sheet of a representative financial intermediary comprises on its 

asset side, total loans extended and reserves it holds, and on its liability side - public 

deposits and its stock of financial capital. This is represented by the following period t 

budget constraint for total assets A, 

 At Crt + rrDt = Dt + Kt              (1) 

where rr is the reserve requirement ratio expressed as a percentage of total deposits, 

and K is the stock of financial capital held by the bank. We think of Kt as being 

predetermined in the current period t. For simplification and without loss of generality 

we assume that banks do not hold excess reserves48F

49. Note also that although the 

bank's asset composition is important for the study of prudent risk management and 

                                                           
49 Excess reserves have insignificant impact on the financial capital accumulation, since at most it 
affects marginally the bank's profits and through which the accumulation process. It mainly affects the 
illiquidity risk which is beyond the scope of this paper. 



501133-L-bw-Barnea501133-L-bw-Barnea501133-L-bw-Barnea501133-L-bw-Barnea

77 
 

the role of banking, it plays smaller role in the dynamics of the financial capital 

accumulation and thus we assume it away by considering only two types of banking 

assets.  

 Extending loans to agents is risky because an agent ability to repay his loans 

depends on a stochastic return on the project she chooses to undertake. Furthermore, 

we implicitly assume that the financial intermediary resorts to holding financial 

capital in its prudent risk management policy because it is unable to efficiently price 

borrowers' risk. 49F

50 That is, banks are unable to charge their borrowers the exact risk 

premium because the verification of the true repayment state of the borrowers requires 

costly monitoring. 

 To capture this risk element in financial intermediation, we use  to represent 

the bank's loan loss reserves (net of the risk premium borrowers pay) in terms of the 

financial capital. For simplification we assume that the loan loss reserves ratio, , 

times the stock of financial capital equals the amount of loans written off by the 

financial intermediary at the end of period. Thereby we have that 
Cr
K  is a measure 

of credit risk per dollar of outstanding loan.50F

51 

 In order to capture the notion that loan loss reserves depend on loan quality 

as well as on a known exogenous stochastic process, we invoke the Stiglitz and Weiss 

(1981) adverse selection framework. Specifically, the adverse selection characteristic 

implies that  is an increasing function of the loan interest rate. A bank charging 

higher interest rate on its loans would find itself attracting higher risk projects. In 

addition, we assume that  decreases when the ratio of the stock of capital relative to 

                                                           
50This is related to the role of capital in reducing risk-taking (Hellmann, Murdock, and Stiglitz (2000), 
and Repullo (2004)). 

51 See footnote 28. 
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the total risk-adjusted assets51F

52 is augmented.52F

53 Finally, a random element, u with a 

known distribution, affects the size of  (reflecting the potential realizations of credit 

risk). Formally, 

 ,0,0    ,),
*

,( 21*210 aau
A
K

araau
A
Kr t

t

t
ctc                (2)  

 ut = t-1 + t,  | | < 1,  

where t is iid with Et{ t}=0, and Et{ t t+s} = 0, s = 1,2,…, and where A* is the total 

risk-adjusted assets. 

 Note that individuals in the economy do not know the realization of u(t) when 

they make their decisions but do know the stochastic process that generates the 

dynamics of u. So they can compute Et{ut+s t}, s t is the set of 

all information known up to period t. 

 Given total assets, we define total risk-adjusted assets, A*t, by 

 .)1(*
tt

t

t
tt rrDCr

Cr
K

A              (3) 

That is, the risk-adjusted assets consist of total outstanding loans net of credit risk 

realization and total reserve holdings. Note that by this definition At* is itself a 

random variable that depends on the realization of . 

 To capture the growth of the economy (considered here as an exogenous 

process), we assume that once the financial intermediary chooses its asset portfolio 

and liability composition, its expected total risk-adjusted assets grows at a constant 

rate53F

54 n (a deterministic trend),  

 Et{A*t+1} = (1+n)Et{A*t}.                   (4) 

For simplicity we assume that the market for deposits is competitive such that each 
                                                           
52 See definition in the next paragraph 
53 Fama (1986) finds counter-cyclical probability of default, especially in the case when economic 
downturn increases dramatically. 
54 For an empirical application, we can have A* follows any particular stochastic process. 
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financial intermediary can raise as much deposits as it financially desires at the 

market rate rd. However, we let the market displays market-discipline, in that the 

larger is the expected ratio of financial capital ratio K/A*, the lower is the deposit 

rate54F

55, rd, the bank pays to depositors. So we have 

 )
}{

( *
tt

t
ddt AE

K
Rr , with .0dR             (5) 

We assume that the schedule Rd is exogenous and known to all agents and banks. 

 We take loan services to be differentiated services (Kim, Kristiansen and Vale 

(2005)) and therefore, the financial intermediary faces a relatively inelastic demand 

for loans, Dt in the loan market and has some market power in setting the interest rate 

rc. We also assume that the financial intermediary is competitive in the labor market 

and chooses its employment in accordance with the (exogenously determined) wage 

payment w and its activity Et{A*t}. 

 In accordance with our introductory discussion regarding financial capital 

accumulation process we assume that the financial intermediary can augment its 

intermediary (retained earnings) or by issuing debt in competitive capital markets. We 

let be the expected return on financial capital satisfying,

            
.otherwise         

; if              

t

tt

dt

t

K
E

talncial capigment finasued to audebt is isr
         (6) 

That is, by construction alternative financial investments can not dominate each other 

provided that they are all traded in capital markets. Absence debt issuance, the return 

                                                           
55 For the purpose of this paper we have the deposit rate be deterministic. However, for an empirical 
application we can include a random element in rd such that a monetary policy shock can be 
incorporated into the environment. 
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on financial capital is the expected average return on equity (ROE) of the financial 

intermediary.55F

56  

 The process of financial capital accumulation by a financial intermediary is 

affected by both the realizations of bad loans that eventually are reflected by the 

amount of loans that are written off, and the amount that is invested in financial 

capital stock, If, by owners of financial intermediaries. Consequently, the stock of 

financial capital, Kt, follows the following accumulation process, 

 Kt+1 = (1- Kt + Ift,  t = 1, 2,…            (7) 

In order to prevent financial capital stock from depletion, the intermediary has to 

Kt Kt+1. 

 To carry out financial intermediation, banks employ labor and utilize 

homogenous production technology A*t = F[Lt]. We let C[wt, A*t] be the operational 

cost minimization function, dependent on labor wage and homogenous in the total 

risk-adjusted assets. Consequently, period t expected profit function of the financial 

intermediary, Et t, can be written as follows, 

 ,...2,1    ]},,[)1({ * tAwCDrCr
Cr
K

rEE tttdtt
t

t
tctttt       (8) 

The first term in the RHS of (8) is the expected interest income net of interest 

expenses and the last term is the net non-interest (operational) cost.  

 Note that we don’t include the opportunity cost of financial capital in the 

definition of profit, and instead specify a constraint on the ROC (see (9)) that 

guarantees that the expected profit per unit of financial capital will not be smaller than 

the return on the best alternative use (the return on deposits). Thus, banks' 

                                                           
56 With some greater complexity we could have set the financial capital to be costly (relative to 
deposits) as suggested in the mainstream banking literature (Hellman, Murdock, and Stiglitz (2000), 
Gorton and Winton (1997) and recently proven theoretically by Allen and Carletti (2013)) and still 
maintain our main results. 
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shareholders have the incentive to maintain retained earnings in order to accumulate 

and use financial capital for future financial intermediation. Accordingly, we impose 

the following restriction, 56F

57 

 .}{ dt
t

t
t r

K
E           (9) 

t 

"reinvested" in the intermediary (retained earnings), augmenting the stock of financial 

capital. Assuming for now that profit is the only source for the augmentation of 

capital stock, 57F

58 the investment function satisfies 

otherwise
if

if
I ttt

tt

ft

                         0
]1 ,0[         )1(

0                       
                 (10) 

Ift is also a random variable which depends on the realization of profits at period t. 

 Regarding the timing structure in this model, we assume that the realization of 

financial capital stock at the beginning of time t is known. It depends, among other 

things, on last period realization of t-1. All other choices by market participants with 

the exception of t are taken at period t prior to the realization of ut. The share of 

distributed profits, t, is chosen at the end of period t following the realization of ut. 

1.2 Financial intermediations’ choice 

 Given the beginning of period financial capital Kt and rct-1, the demand 

schedule for loans, Crt, the market interest rate on deposits, rdt, the loans loss reserve 

                                                           
57 The inequality reflects the required risk premium on equity. In our model both the interest rate on 
deposits and the ratio of bank's profit to financial capital (ROC) are determined optimally. The strict 
inequality (9) is an incentive compatible constraint, i.e., must be satisfied for the existence of the 
equilibrium we displayed. Therefore, one can derive the aforementioned risk premium from the size of 
the inequality (9) (which is the difference between the expected ROC and the return on deposits in (9)). 
We note that modeling the risk premium would complicate the model with only little contribution to 
understanding of the dynamics of the financial capital in banks. 
58 For now we do not allow the financial intermediary to augment its stock of financial capital by 
issuing debt. In subsection (e) of section II, we relax this assumption and discuss the consequences. 
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function, ,t  the stochastic process ut and the labor wage, wt, the financial 

intermediary chooses the series {rct}, {Ift}, t = 1,2,…, or alternatively the series 

{rct},{Kt+1, t}, t = 1,2,…, to maximize the present value of current and future streams 

of expected distributed profits, i.e.
0

},{
t

ttt
t E  where  is a discount factor, 

subject to the derived intertemporal budget constraints 

 Crt = (1 - rr)Dt + Kt,  t = 1,2,…,                (11) 

the profit distribution (or retained earnings) rule (10), and where the stock of capital 

follows the process of accumulation (7). 

 Substituting for total deposits from (11) into the profit function (8) yields the 

following period t expected profit function, 
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rEE .              (12) 

1.3 Certainty Equivalence 

 Before we turn to equilibrium characteristics, we claim that the solution to the 

financial intermediary’s choice problem exhibits the “certainty equivalence” 

principle. That is, it can be divided into two stages: first, the financial intermediary 

gets minimum mean squared error forecasts of the exogenous ut which are the 

conditional expectations Etut+s, and, in the second stage, solves the nonstochastic 

optimization problem where its forecasts Etut+s replaces ut+s. 

 To verify this property, we note that the objective function that the financial 

intermediary maximizes is quadratic in its choice variables rct, Kt+1, and linear in t 

(see the firm’s maximization problem (14)) and the source of uncertainty t is 

assumed to be linear in the random variable ut. Therefore, the solutions to the first-

order Euler conditions are linear functions of ut+s, s = 0, 1, 2, ... That is, only the 
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conditional means Etut+s appear in them. In what follows we use this separation 

principle and perform the aforementioned second stage. 

 Next, we normalize all the quantity variables such that they are all expressed 

in terms of last period A*. We let lower-case letters denote normalized values, that is, 

*
1t

t
t A

X
x . For simplicity we use A*t-1 rather than the contemporaneous A*t because 

the latter is random throughout period t. Let equations or relationships (Na), N=1, 

2,…, represent the adjusted equations or relationships (N) with lower case letters. 

 Accordingly from (7a) and (10a) we have 

 (1+n)kt+1 = (1– t)kt + 
otherwise

if
if

ttt

tt

                           0
]1 ,0[           )1(

0                          
             (13) 

 

2. Equilibrium Characteristics 

 In choosing its operation, i.e. the series {rct},{kt+1},{ t}, t = 1,2,…, in the 

infinite planning horizon, the financial intermediary solves a Ramsey’s like growth 

control problem, that is, maximizing 
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subject to (9) and (13) and given kt and rct-1.58F

59 

 The transversality conditions are satisfied as it is readily verifiable given that 

 .0)1(lim T

T
n                   (15) 

 The financial intermediary chooses the series {rct},{kt+1},{ t}, without 

reference to the ROE constraint, of which the first-order conditions are summarized 

by: 

                                                           
59 The interest rate rct-1 enters in the credit risk function (·) of period t. 
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where cr = 
c
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r

c
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 < 0   is the elasticity of demand for loans with respect to interest 

rate rc, and    = 
c

c

r
r  > 0 is the elasticity of credit risk with respect to rc, and 
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where, k = 
k
r

r
k d

d

 < 0 is the elasticity of deposit interest rate with respect to k, 

representing the degree of market discipline. 

 Condition (16) equates the marginal financial cost of raising one dollar of 

deposit (the right hand side of (16)) to the marginal benefit from directing this one 

dollar, through intermediation, to the credit market (the left hand side of (16)). This 

LHS with the elasticity 0  is the standard Euler condition for an imperfectly 

competitive bank. A positive elasticity 0  adds a Stiglitz and Weiss type of effect 

according to which a change in rc affects the risk embedded in the asset portfolio. 

 The solution for the financial intermediary’s choice problem is computed as 

follows. Given initial (predetermined) capital ratio k1 and the initial rc0, the exogenous 

time series and parameters { k
cr

tw ,,},{ } and the functions Cr Rd(·) and 

c(·), we solve for rd1, and utilize (16) to solve for rc1, cr1 and 1. We then use (12a) to 

evaluate 1 at the solution. Next we take (16) and (11a) one period forward (for t = 2) 

and combine it with (17) to solve simultaneously for rc2 and k2. 
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 At this stage we move to the end of the period and following the realization of 

u1 we use k1 and k2 1, to get a solution 

for 1. This last procedure defines three alternative solutions: 

 (i)    If 1 is negative we recalculate k2 to satisfy  

    (1+ n)k2 = (1 – 1)k1 + 1, 

where 1 1. 

  (ii) 1 k2 to satisfy              (18)

   (1+ n)k2 = (1 – 1)k1 + (1- 1) 1, 

where 1 1. 

 (iii)   If 1 > 1 we redefine k2 to satisfy 

   (1+ n)k2 = (1 – 1)k1. 

Note that in both cases (i) and (iii), k2 and possibly the financial capital ratio for few 

periods ahead deviate from those that satisfy (17) - deviations from the optimal 

ones 59F

60. We then continue forward in time and repeat this procedure to solve for all the 

three time series {rct},{kt+1 t}, t = 2, 3,…. 

 One of the key features in this solution is that the financial intermediary 

chooses to retain earnings rather than allocates all of them to shareholders and under 

some conditions holds a stock of capital that converges to a steady state value, where 

the latter is defined as a position in which the capital ratio remains at rest throughout 

the periods. The reasons for this are twofold: first, higher stock of financial capital 

reduces the interest rate paid on deposits, thereby increases profit, and second, a stock 

of financial capital serves as a cushion against the realization of credit risk, 

guaranteeing that the intermediary respects its liabilities.  

                                                           
60 They do however eventually satisfy (16), implying that the solution for rc(t) is consistent with the 
actual k(t). 
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 It further turns out from the solution that the financial intermediary's prudent 

credit risk policy involves adjusting the interest rate but in conjunction with holding 

additional financial capital. It implies that the loan interest rate is not fully adjusted to 

take account of the variations in credit risk and it needs the stock of financial capital 

for handling the credit risk involved. 

 Note also that our model can account for a persistent deviation of the financial 

capital ratio from the optimal (desired) one. This would likely to occur when the 

initial capital ratio is either very low or very high and of course in the absence of debt 

issuance. 

2.1 Steady-state 

 A steady-state position of the financial capital ratio in our model is defined as 

a position in which, given the information known at the current period t, the banks 

choose to maintain their current financial capital ratio in the next periods, t+1, t+2, ... , 

as well. That is, the financial capital ratio is at rest.  

 There are implications for the implied dynamics of the financial capital ratio 

pertaining to the steady-state position. The model distinguishes between financial 

intermediary's capital ratios that are at rest and those that are only temporarily at their 

levels. It enables connecting the steady-state level directly to credit risk, to lending 

and borrowing interest rates and to average operational cost. It also allows for a 

particular dynamic perspective on the regulatory capital ratio requirement. 

 To explore this end we compute the steady state ratio of financial capital 

(relative to A*) where k is at rest. Using and the bank's first-order-conditions, (7a), 

(12a) and the definition of a steady-state position yield the following: 
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where rc and rd satisfy the Euler equations (16) and (17). 

 Now that we have the explicit solution for the steady-state capital ratio, some 

remarks about its characterization are in place. First, this ratio is dynamically well 

defined, that is, it reflects a position in which the capital ratio is dynamically at rest. 

However, this steady-state capital ratio is neither a desirable financial one, nor is a 

larger kA an indication of a healthier financial intermediary. For example, note from 

(19) that an inefficient bank that is characterized by a relatively high c(w) will have a 

lower steady-state capital ratio. Such a bank may have an actual financial capital ratio 

that is larger than the steady-state one, but it is by no means an indication of financial 

stability or of prudent risk management. It can further be verified from (19) that for an 

inefficient financial intermediary a steady-state position might not exist at all.  

2.2 stability of steady-state 

 In order to have a stable steady-state position in the process of financial capital 

accumulation, the periodic profit function needs to be convex in the "beginning of 

period" stock of financial capital (the state variable). In the following proposition we 

identify the conditions under which the profit function is indeed convex in financial 

capital. To that end it is enough to show that the first derivative of the profit function 

with respect to the "beginning of period" stock of financial capital is positive and the 

second derivative is negative. 

Proposition 1: Suppose crt is greater than kt, all t, and that t  and 2

2

t

dt

k
r  are small 

enough, for all t, then ,0
t

t

dk
d  and .02

2

t

t

dk
d  

 See the proof of proposition 1 in Appendix A. 
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Corollary 1: The convexity of the profit function and its implications depend in our 

model on the degree of market discipline that is reflected in the negative effect of the 

size of financial capital on the interest rate depositors receive. 

Corollary 2: Based on the first-order-conditions, it is straight forward to perform 

comparative analysis and get that 
t

ct

k
r

 is negative provided that the second 

derivatives 2

2

2

2

2

2

 , ,
t

dt

cc

r

k
r

rr
c  are relatively of small magnitudes (see Appendix B). 

Corollary 3: Based on the result that 
t

ct

k
r

 < 0 and equation (13), we can show that 

0
t

t

k
 (see Appendix D). 

 To sum up, a bank with larger capital ratio, k, charges lower interest rate on 

loans, is exposed to lower credit risk, , pays lower deposit interest rate, rd, and has a 

larger share of profits distributed to its shareholders, t. 

2.3 Financial capital accumulation 

 We are now in a position to describe the capital accumulation dynamic process 

and, for the sake of brevity, display it diagrammatically. Let iss
t denotes the amount of 

financial investment (in terms of risk-adjusted assets) needed to maintain the 

beginning of next period stock of financial capital, kt+1, at its current period level. To 

solve for iss
t we use (13) with kt+1=kt, that is, 

 (1+n)kt = (1– t)kt + iss
t.               (20a) 

From which we get 

 iss
t = (n+ t)kt.                 (20b) 

 By construction then if the financial intermediary’s retained earning (in terms 

of risk-adjusted assets) equals iss
t, then kt+1=kt. Furthermore if it invests more, it > iss

t, 
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then its stock of financial capital (in terms of A*) will be augmented and vice versa if 

it invests less, it < iss
t. 

Note that the credit risk t is increasing in rct and that the latter decreases as 

the stock of capital kt gets larger (see appendix B). So for illustration purpose only we 

assume with respect to (20b) that k is small enough such that iss
t is increasing and 

convex in kt. Also note that since the share of distributed profit, t, increases with kt 

(see appendix C), it adds convexity to the already convex profit function such that the 

increment in the financial intermediary's savings (1- t) t shrinks relatively fast as the 

stock of capital grows. 

In Figures 1 we display the potential dynamics of the financial capital 

accumulation process. 

Suppose the intermediary begins in period t with a stock of financial capital 

equals kB. Its profits at this period will sum up to B, out of which it will retain and 

reinvest (1- t) B in the stock of financial capital. At this period, the investment, (1-

Figure 1a: Neoclassical financial capital accumulation process by a financial 
intermediary 
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t) B, is greater than the potentially steady-state investment iss = (n+ t)kB (see the 

corresponding lines in Figure 1a). Therefore, next period's kt+1 will be larger than the 

current one. This process of financial capital accumulation (the deepening of the 

financial capital stock) will continue as long as k has not reached kA (where 

(n+ t)kA=(1- t) A). At kA the financial intermediary reaches a steady state position in 

which its financial capital stock (relative to A*) will be at rest. Of course the opposite 

dynamics will take place if the beginning of period stock of financial capital is larger 

than kA. 

 Condition (18) enables us to look somewhat deeper into the dynamics of the 

financial capital accumulation process. If the initial financial capital ratio is "near" the 

steady-state ratio in the sense that current profits are enough to bring the capital ratio 

to its steady-state position, then we will have condition (18ii) satisfied, and the bank's 

capital ratio will in one period "jump" to its steady-state ratio. If the initial capital 

ratio is relatively small and "far" from the steady-state ratio, and there are not enough 

profits to let the bank get to its steady-state position in one period, then condition 

(18i) will be binding and the financial capital ratio will evolve only gradually towards 

the steady-state position. Formally, given kt, the capital ratio next period, kt+1, will 

satisfy  

 (1+ n)kt+1 = (1 – t)kt + t < (1+ n)kA,  

where kA is the steady-state ratio and t is relatively small.  

 This is a case in which the capital ratio can be characterized by a first-order 

AR(1) process. Of course these dynamics are intact, provided there is no issuance of 

debt (or the bank is incapable of issuing debt). Thus, the model can be enriched in 

capturing a variety of dynamics of financial capital ratios. 

2.4  Characteristics of the financial capital accumulation process 
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Permanent shock to credit risk. Suppose the financial intermediary is subjected to a 

shock that permanently increases its credit risk as is reflected by a larger . How 

would it affect its financial capital accumulation process? In order to answer this 

question we first examine the effect of the higher risk level on profit (utilizing (12a)), 

as well as on the distributed profit share (utilizing (13)). We again apply the Envelope 

theorem, holding k constant, and get from (12a) that for every kt, t = 1, 2,… 

 .0tct
t kr

d
d                 (21a) 

From (13) we get 

 .0
)1(

t

t

t
tt

t

t

k
              (21b) 

Note that this last effect, the lowering of distributed profit share, softens the effect of 

the lower profit on the capital accumulation process. If the reduction of profit 

dominates, then the total (1 - t) t decreases 60F

61. Under these circumstances, the effect 

of an increase in  is two-fold: it slows down capital accumulation and reduces the 

steady-state financial capital ratio as can be seen in Figure 1b. 

 Indeed, the financial capital at steady state moves from point A to point C with 

a smaller k. Also, if our financial intermediary were at point B prior to the increase in 

, then following this development in credit risk, the excess of its investment (over the 

amount that keeps the ratio unchanged) is now smaller, moderating the financial 

capital accumulation process. 

  

                                                           
61 It seems very unlikely that as a result of a permanent increase in the credit risk where the bank 
realizes lower profits, it will decrease its profit distributed share such that the total retained earnings 
will actually grow.  
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An implication of this result is that resorting to monitoring of borrowers has 

opposing effects on the financial capital accumulation process and on the steady-state 

capital ratio as well. Monitoring increases operating cost thereby reducing profits and 

investment in capital accumulation. However, at the same time monitoring reduces 

credit risk and its effect on , thereby reducing the deterioration of the financial 

capital stock that emanates from realization of credit risk. 

Shocks to A* and n. Economic fluctuations reflect, among other things, periods of 

high demand for financial intermediation (peaks) and times of low demand (trough 

periods). We can examine their effects on the financial capital accumulation process, 

among others, by assuming either a once-and-for-all change in the level of A*, or by a 

prolonged period of larger rate of growth of total risk-adjusted assets, n. Assuming 

that the financial capital stock is at kB (see Figure 1a), a once-and-for-all increase in 

A* will move the existing k further to the left (away from the steady state position) 

while accelerating the capital accumulation process. Of course, only to eventually 

reach the pre-shock kA at the end of the process. 

    
Figure 1b: The effect of higher risk on the financial capital accumulation process 
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 The effect of an increase in n is somewhat more complicated. In Appendix D 

we establish the following total effects of a change in n. An increase in n will have no 

effect on the choice of rct and therefore no effect on t, it will decrease the choice of 

kt+1 and the choice of t. Given these effects we can conclude that unless the reduction 

in the share of distributed profit will dominate all other effects, an increase in n will 

reduce the steady-state capital ratio and will moderate the capital accumulation 

process (since the amount of retained earnings needed to maintain the current stock of 

capital, iss, increases). 

Periodic distributed profit is not maximized (a golden rule). At the steady-state 

position, the periodic distributed profit is not necessarily maximized. To see this, 

consider the triplet (k*, *) that satisfies: 

 (1- *) * = (n+ *)k*  (guarantees the steady state position)           (22a) 

 the distributed profit *- (n+ *)k* is at its maximum.           (22b) 

where * is the profit at (k*, *) steady state. From (22b) we have that k* satisfies 

the first-order-condition 

 **
*
*1*)(

k
r

r
kn

k
k c

c

.              (22c) 

The RHS of (22c) is the slope of the curve (n+ )k with respect to k evaluated at the 

steady state position. The question is whether 
k
k*)(  in (22c) is the same as 

k
kA)(  

in (A:2), evaluated at the steady state position, kA (see Figure 1a). Evaluating the 

Euler condition (17) at the steady state position and substitute into (A:2) yields the 

following, 

 
k
r

r
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dk
kd c

c

AA 111)( ,             (22d) 
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where rc is the interest rate at steady state position,  and 
k
rc  are evaluated at steady 

state. 

 From (22c) and (22d) we get that the periodic profit is maximized only if the 

growth of the risk-adjusted assets, n, equals -1. Otherwise, if n > -1 the marginal 

profit of k derived from (22d), is larger than the one derived from (22c), implying that 

the periodic profit is not maximized and that kA is smaller than the one that 

maximizes the periodic distributed profit. This could give rise to time inconsistency, if 

shareholders care only for current period distributed profits. 

The competitiveness of the financial intermediation sector. How does competitiveness 

of the financial intermediation sector affect the financial capital accumulation 

process? Intuitively, one can imagine two opposing effects. A less competitive 

financial intermediary would realize higher profits and thus invests more in the capital 

accumulation process. However, with larger profits, this financial intermediary could 

increase its exposure to credit risk thereby further enhancing the depletion of its 

financial capital stock by the realization of risk. In our model these two effects are 

indeed featured. In a less competitive sector the wedge 
rr

rr d
c 1

 is expected to be 

larger, initiating more profits and a higher steady-state capital ratio (see figure 1a). On 

the other hand, in a less competitive sector the interest rate on loans is expected to be 

higher, and consequently credit risk and thereby the loan loss reserve ratio  will be 

larger, offsetting the positive effect of the larger profit on the financial capital 

accumulation process. 

 Note also that cost efficiency increases steady-state financial capital ratio, thus 

one may conjecture that conditions promoting competitive structure of the banking 

sector would contribute to an increase in steady-state capital ratios through pressures 
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enhancing cost efficiency. This result is an important addition to the ongoing debate 

regarding the relationship between competition and stability in the financial 

intermediation sector and has important policy implications regarding competition 

enhancement (merger) policies (Allen and Gale (2004), Berger, Klapper and Turk-

Ariss (2009)). In fact, gaining stability without procyclical consequences particularly 

so during slump periods (as is usual the conventional criticism of Basel’s capital 

requirement) is an interesting addition to policy makers toolbox.61F

62  

3. Financial capital accumulation by issuing debt 

 Suppose we allow the financial intermediary, in addition to investing its 

retained earnings in the stock of financial capital, to increase its financial capital by 

issuing debt at the going market interest rate rbt62F

63. How would the accumulation 

process change? Let bt be the amount of one-period debt (in terms of A*t-1) issued at 

period t. In order to incorporate this possibility in our model we modify the financial 

capital accumulation process (13) as follows, 

 
n

bbkkn t
ttttt 1

)1()1()1( 1
1               (23) 

Additionally, we modify the profit function (12a) to include the cost involved in 

servicing the debt (in terms of A*), 
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brwckr
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ctt 1

][)
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( 1              (24) 

 Since we deal with a persistent process of financial capital accumulation and 

we allow for issuing debt, we have to rule out the possibility of negative debt 

dynamics. That is, a situation in which the debt (in A* terms) is constantly increasing. 

                                                           
62In slump periods when it is too costly to issue new shares banks can reduce lending in order to meet 
capital requirements thus exacerbating procyclical consequences. See Gambacorta and Mistrulli (2004) 
for nice summary. 
63 Since banks can raise funds by either issuing debt or by attracting public deposits, the difference 
between rb and rd should reflect only markets conditions (e.g. liquidity, market concentration). 



501133-L-bw-Barnea501133-L-bw-Barnea501133-L-bw-Barnea501133-L-bw-Barnea

96 
 

Therefore, we restrict ourselves to a steady-state equilibrium in which bt = b, all t. 

Under what conditions issuing debt augments, or at least does not reduce, the stock of 

financial capital in a steady state position? Evaluating (23) at steady state yields the 

following, 

 .
1

ˆ       where,)
1

)1(11(ˆ)1()(
n

brb
n

rkn b
b

A         (25) 

In accordance with the definition of profit (24), ˆ  is the steady-state profit excluding 

the cost of servicing the debt. 

 From (25) we get that if (1- )rb > n, then the partial effect (derivative) of 

issuing additional debt on the steady-state stock of capital is negative, while if the 

opposite holds (1- )rb < n, the partial effect is positive. In other words, if the interest 

rate on debt is too high, it will be costly to augment the capital ratio through the 

issuance of new debt. 

Corollary 4: If 
1

nrb , a financial intermediary will prefer to augment its capital 

ratio by non-distributed profits rather than by issuing new debt. 

 Since rb increases in times of recession this result in Corollary 4 is consistent 

in these times with the pecking order theory. In the case of issuing debt the dynamics 

of capital ratio is such that it converges to a steady-state in one period, following the 

shock which propagates the deviation from the steady-state, provided that the 

financial intermediary can issue debt at will. 

 Table 1 summarizes the main results we derived analytically in the sections 

above, where main banking choice variables were affected by an independent increase 

in model parameters. 
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 Model parameters 
Banking 
choice 

variables 

kt 
 

t 
 

n 
 

rt

t

c
 

rct +  = – 
kt+1   –  

t + – –  
t   =  
t  –   

Note: (+), (–), (=) indicate positive, negative, and unaffected 
effects, respectively. Some of these effects are constrained by 
certain conditions which are specified in the paper. kt is 
predetermined in period t and thus can be treated as a 
parameter in that period. 
 
Table 1: Summary of the effects of permanent 

increases in the main model parameters 
on banking choice variables. 

 

4. Empirical Application 

 So far we have presented characteristics which can be analytically derived. To 

further study the dynamics of our model economy which cannot be analytically 

derived, we perform and utilize the model's impulse responses to three different 

shocks: a shock to credit risk, a shock to credit demand and a shock to monetary 

policy reflected by a shock to deposit interest rate.   

 To that end we first estimate the three exogenous relationships which play 

important roles in our model: (i) the demand for credit; (ii) the relationship between 

credit risk and credit interest rate; and (iii) the relationship between financial capital 

position and the deposit interest rate. We use panel data from the U.S. banking sector. 

4.1 The data 

We employ data from the FDIC publications known as peer-group banking data 

(definitions of the peer-groups are presented in Table 2). For each group the data set 

contains quarterly averages of financial ratios and other financial data. The averaging 

is over the total number of banks in each peer-group. The choice of the peer-groups 

data set is consistent with our model because it is a model of a representative bank 
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and specific bank characteristics (e.g. size, banking relationships, and corporate 

governance) are not included in our benchmark model. Averaging the data over the 

banks that belong to a peer-group reduces the effects of bank specific features, and 

therefore these data relate better to our model. We utilize annual, end of year data for 

the 1995 – 2006 period63F

64. Grouping the data according to size (peer groups) is also 

consistent with recent literature on firm financing which shows that capital structure 

differs according to firm size (Covas and Den Haan 2011). 

Peer 
group 

number 

Total assets 
 

Number of 
banking 
offices 

Location Number of 
banks in 

the group, 
2005 

1 In excess of 3$ b.  -- -- 183 
2 Between 1$ b. and 3$ b. -- -- 272 
3 Between 300$ m. and 1$ b. -- -- 1075 
4 Between 100$ m. and 300$ m. 3 or more Metropolitan area 765 
5 Between 100$ m. and 300$ m. 3 or more Non-

Metropolitan area 
912 

6 Between 100$ m. and 300$ m. 2 or fewer Metropolitan area 311 
7 Between 100$ m. and 300$ m. 2 or fewer Non-

Metropolitan area 
286 

8 Between 50$ m. and 100$ m. 3 or more Metropolitan area 158 
9 Between 50$ m. and 100$ m. 3 or more Non-

Metropolitan area 
413 

10 Between 50$ m. and 100$ m. 2 or fewer Metropolitan area 311 
11 Between 50$ m. and 100$ m. 2 or fewer Non-metropolitan 

area 
716 

12 Less than 50$ m. 2 or more Metropolitan area 102 
13 Less than 50$ m. 2 or more Non-metropolitan 

area 
395 

14 Less than 50$ m. 1 Metropolitan area 205 
Source: FDIC Peer group publication, 2006. 

Table 2: Description of the U.S. banking peer groups, 1996-2006. 
 

 Summary statistics of the model’s variables (A*, cr, k, c(w), rc, rd, , ) are 

presented in Table 3. For each peer group we display the average values of the 

variables over the time span of the sample. 

 

                                                           
64 We end at 2006 when the FDIC changed the definitions of peer groups. 
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Peer 
group 

A* 
(millions) 

cr k c(w) rc rd   

1 24,733 0.849 0.127 0.017 0.057 0.020 0.013 0.080 
2 1,238 0.886 0.126 0.024 0.062 0.021 0.010 0.063 
3 370 0.924 0.131 0.027 0.064 0.022 0.008 0.056 
4 136 0.932 0.137 0.034 0.065 0.021 0.006 0.041 
5 118 0.957 0.148 0.032 0.066 0.023 0.007 0.060 
6 115 0.944 0.146 0.030 0.064 0.022 0.005 0.042 
7 86 0.933 0.177 0.029 0.064 0.023 0.004 0.070 
8 54 0.942 0.144 0.042 0.066 0.020 0.007 0.034 
9 51 0.958 0.152 0.037 0.067 0.022 0.007 0.051 
10 51 0.943 0.153 0.037 0.065 0.022 0.005 0.035 
11 44 0.934 0.178 0.034 0.065 0.023 0.004 0.064 
12 24 0.954 0.165 0.050 0.067 0.020 0.007 0.028 
13 23 0.933 0.163 0.042 0.066 0.022 0.006 0.045 
14 15 0.929 0.289 0.051 0.062 0.019 0.003 0.038 

  Note:  A* is the total risk-adjusted assets; cr is the ratio of total outstanding loan balances to 
A*; k is the financial capital ratio to A*; c(w) is the ratio of the (net) non-interest 
expenses to A*; rc is the credit interest rate;  rd is the deposit interest rate;  is the ratio 
of the loan loss reserves to financial capital;  is the share of profits distributed to the 
shareholders. 

 Source: FDIC Peer group publication, 2006. 

Table 3: Summary statistics of the sample book values of the model variables, 
(Average values 2001-2005) 

 

 We use a unified reserve requirement of 10 percent on demand deposit for all 

U.S. banks, i.e., rr = 0.1. The nominal growth rate of risk-adjusted total nominal 

assets, n, is set to reflect the trend in the US financial intermediation nominal activity. 

For sake of robustness, we employ two alternatives growth rates of the banking 

balance sheets in the computations of the steady-states: i) differential growth rates 

such that the two largest peer groups grow at 8 percent, the next largest group grow at 

7 percent, the next four largest groups grow at 5 percent, and the rest of the banks 

grow at 3 percent. These rates were computed for each of the peer group from the 

FDIC data set that contains quarterly data of U.S. banks’ total assets in a longer 

sample 1990-2006; ii) since it is conceivable that the long-run trend is the same for all 

US banks (regardless of their size) we alternatively employ a constant unified growth 

rate of 7 percent for all peer groups. We use this alternative as well for the 

computations of the IRF that follow. 
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4.2 Empirical Application: estimations 

 To implement the impulse response methodology, we begin with the 

estimation of the functions Cr(·), Rd(·) and (·). We use a panel two-stage least 

squares estimation methodology (see instruments in Table 4) of the following 

hypothesized log-linear relationships: 

 Credit demand schedule (Cr): 

 crttctt graLraaLcr 321 ,  a2 > 0,             (26a) 

where the prefix L represents logarithm. A quantity variable in lower-case letter 

indicates normalization (division) by A*. Note that for the dependent variable cr, we 

utilize outstanding balances rather than the time t flow demand data due to lack of 

such data. One of the implications is that the elasticity a2 does not exactly coincide 

with the demand for credit price elasticity. The gr variable is the annual rate of growth 

of the US gross domestic product in which higher value indicates a less risky 

economic environment. The hypothesized sign of its effect, a3, is ambiguous because 

both the level of credit demand and A* are conceivably positively affected by the 

growth rate. 

 Estimation results are summarized in Table 4. The estimated coefficients are 

significant and all signs are as expected. To be consistent with the theoretical 

presumption that all banks of the different peer-groups come from the same 

distribution, we use the fixed effect methodology. 

 The determination of the deposit rate, rd: 

 rdtttdt LkbLFedbbLr 321 ,   b2 > 0, b3 > 0,            (26b) 

where Fed is the federal fund rate set by the Federal Reserve Board, serving as a 

benchmark rate according to which commercial banks base their pricing. The 
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coefficient b3 is supposed to capture the existence of market discipline according to 

which a bank with higher k can attract depositors at lower interest rate. 

 The Stiglitz-Weiss effect: 

 tttctt ugrcLkcLrccL 14321 ,     c2 > 0, c3 > 0, c4 > 0.          (26c) 

where .0      ,1 uttt uu  

 For the hypothesized signs of c2 and c3 see Figures 2a and 2b, respectively, 

where the relevant correlations are displayed. For we use data on loan loss 

reserves.64F

65 

 
   * The circled observations are of the largest peer groups 1-3. 
 
   Figure 2a: Loan Loss Reserves Ratios vs. Credit Interest Rates*  
      (12 years averages in 14 US Banks Peer Groups, 1995-2006) 
 

                                                           
65 However, to be consistent with our model we should utilize write-off data. As the peer group data 

does not provide write-offs, and since the difference between the two measures should be orthogonal 

to the regressors of equation 26c, no bias would be present. In fact, as is reported in tables E1 and E2 

in Appendix E, regressing charge-offs (COR) on the loan loss reserves (LLR), using quarterly data on 

all US commercial banks from 1995.1 to 2012.2, clearly indicates that the difference between the 

COR and the LLR is stationary and of white noise nature. Wald-test on the regression coefficient on 

LLR in Table E1 indicates that it is not different from 1, and the unit root test rejects the hypothesis 

that the residuals are not stationary. These results hold regardless of whether the regression includes 

lagged LLR (Table E2) or not (Table E1). 
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Figure 2b: Loan Loss Reserves Ratios vs. Financial Capital Ratios  

      (12 years averages in 14 US Banks Peer Groups, 1995-2006) 

 

 For the estimation of the Stiglitz-Weiss effect, we use a lag of one period 

credit interest rate, i.e. last period credit rate charged by the bank affects its current 

period credit risk. This is different from the theoretical model because the loan data 

include divers loan durations and not just one period loans (as is in the model). 

Estimation results are summarized in Table 4 and the signs are all as expected. 

 Next we derive estimates for the various elasticities that are used in the model. 

For the absolute values of the elasticities and k  we use the estimated values of c2, 

and b3 from equations (26b) and (26c), respectively, that is, = 0.43 and k = - 1.73 

(Table 4). 
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Dependent 
variables 

Lcr Lrd 
(fixed effect) 

L  
(fixed effect) 

Constant -0.18* 
(0.06) 

-5.10* 
(0.72) 

-6.80* 
(1.04) 

Lk  -1.74* 
(0.38) 

-1.50* 
(0.38) 

Lrc 
-0.04** 
(0.02) 

  

Lrc-1   0.43* 
(0.20) 

gr -0.25 
(0.19) 

  

gr-1   -4.97* 
(1.07) 

LFed  0.52* 
(0.02) 

 

AR(1) 0.91* 
(0.05) 

 
 

0.69* 
(0.05) 

instrument 
variables 

Lk, Lfed 
Lrc-1, L -1 

L -1 LFed-1 
L -1 

AdjR2 0.77 0.77 0.87 

Total panel 
observations 

140 140 140 

a The regressions utilize annual data of 14 peer groups of U.S. banks for the 
1995 to 2006 period. 
b (*) indicates 5% significance and (**) indicates 10% significance. 

Table 4:  Regressions resultsa,b (Panel two-stage least square, Standard error in 
parenthesis) 

   

 Finally, we need an estimate for the price elasticity .cr  We use calibration 

methodology to derive the elasticity that is consistent with the estimated equations 

(30). Since the price elasticity affects most directly and significantly the interest rate 

margin (rc – rd), we choose in the calibration to search for a value of the price 

elasticity, such that the simulated time-averaged interest margin in each peer-group 

(using the model) best fits the actual interest margin (in the sense of its distance from 

the sample - 1996-2006 - average in each peer-group). Of course the estimated 

schedules (30) are all used in these simulations and thus we preserve the consistency 

among these estimates and the calibrated price elasticities. We further allow for 

heterogeneity in the price elasticities across peer-groups. The calibrated values for 
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cr  ultimately used are cr = - 1.7 for the largest peer-groups 1-2, and cr = - 1.5 for 

all other peer-groups. 

4.3 Impulse responses 

 In this subsection we report the results of the model's impulse responses to the 

aforementioned three different shocks: (i) credit risk (a risk shock), (ii) demand for 

credit (a business cycle shock) and (iii) deposit interest rate (a monetary policy 

shock).  

 There is a description of how the equilibrium solution for this model structure 

is solved for in section III above (the equilibrium characteristics). For the IRF we 

utilize the same methodology where the estimated equations (26a), (26b) and (26c) 

replace the functions Cr, Rd, and , respectively, and where for each peer group we 

compute the solution independently. Since the sources for heterogeneity among the 

peer group banks, as far as the IRF are concerned, are the initial financial capital ratio, 

the price elasticity of credit demand, and the initial (previous period) credit interest 

rate, we, for sake of brevity, display the IRF only for peer-group 1 (the largest banks) 

and for peer-group 14 (the smallest banks)65F

66. 

 The IRF of peer-group 1 (the largest banks) to credit risk are displayed in 

Figure (3a). The shock in this case is transitory, but because of the serial-correlation 

found in the estimation of the credit risk equation, we let the shock affects the credit 

risk one additional period consistently with the serial correlation estimate66F

67.  

 

 

                                                           
66 Indeed, the IRF for all other peer-groups are qualitatively very similar to the two we display. Results 
of IRF of other peer-groups (other than 1 and 14) can be obtained from the authors upon request. 
67 We actually had to let the shock affect the credit risk throughout all periods, but its effects beyond 
the two initial periods don’t seem to matter much in studying the impulse response dynamics. 
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Figure 3a: IRF to a 1% shock to credit risk – Peer-Groups 1 (continuous line) 
and 14 (dotted line) reactions. 
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Figure 3b: IRF to a 1 standard deviation shock to (log of) credit demand – 
Peer-Groups 1 (largest banks) and 14 (smaller banks). Dotted line refers 
to peer-group 14 reaction. 
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Figure 3c: IRF to a 1% shock to deposit interest rate (a monetary policy 
shock) – Peer-Groups 1 (largest banks) and 14 (smallest banks). 
Dotted line refers to peer-group 14 reaction. 
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 The initial shock is a 1 percent increase in credit risk . The dynamics that 

emerge on impact are as follows: banks choose to lower their credit interest rate 

(while the deposit rate remains unchanged) in order to partly counteract the shock 

(through the Stiglitz-Weiss effect). Consequently there is a small increase in credit 

outstanding balances and a decrease in both the return on capital (ROC) and the profit 

to risk-adjusted assets (ROA*).67F

68 These developments give rise subsequently to a 

two-period decrease in the financial capital ratio following by a gradual (4-5 years) 

increase back to its initial position. The reduced capital ratio in the second period 

initiates an increase in deposit interest rate (market discipline) along with an increase 

in credit interest rate. This latter increase is due to diminishing S-W effect as well as 

the increase in deposit rate. These dynamics following the diminishing S-W effect are 

consistent with Holmstrom and Tirole (1997). Consequently there are some upward 

overshooting in the ROC and the ROA* on their way back to their pre-shock levels. 

 We note that the responses of peer-group-14 (the smallest banks) are 

qualitatively the same as their counterparts in peer-group-1, however, with greater 

intensity (Figure 3a). For example, the capital ratio is reduced almost twice as much 

while taking the same number of periods to return to its pre-shock level. 

 Next we examine the IRF to a 1 standard deviation transitory shock to (the log 

of) credit demand (Figure 3b). Consistent with existence of serial correlation, we let 

the shock to affect credit demand one additional period. On impact the greater 

demand for credit results in an increase in both the ROC and ROA*, leaving interest 

rates and credit risk unchanged. These developments give rise to a subsequent 

increase in the financial capital ratio which enables banks to reduce the interest rate to 

depositors (market discipline effect), along with a decrease in the credit interest rate 

                                                           
68 This is a result of the low price elasticity (-0.04) of the demand for loans  (Table 4). 
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and the credit risk. It takes somewhat longer time (two more periods) for the capital 

ratio in both peer-groups to return to its pre-shock level (Figure 3b). Also in this case 

we get a downward overshooting in the dynamics of the ROC and ROA* on their 

convergence to their pre-shock levels. 

 Finally, we examine the IRF to a 1 percent shock to monetary policy which is 

reflected by a temporary (one period) increase in rd (Figure 4c). On impact, both peer-

group banks increase their credit interest rate by more than twice the increase in the 

deposit rate, thus increasing ROC and ROA* and reducing outstanding credit 

balances. Subsequently, the financial capital ratio increases quite significantly along 

with a reduction in credit risk. Again it takes about 5 years for the capital ratio to 

gradually return to its pre-shock level. In this case the ROC and the ROA* as well as 

the interest rates dynamics display downward overshooting characteristics. It is 

interesting to note that credit risk decreases following the shock to the interest rate 

basically due to the accumulation of bank capital, however, the Stiglitz-Weiss-effect 

moderates this evolution (Figure 3c). 

5. Concluding Remarks 

 A financial intermediary maintains a stock of financial capital for various 

reasons, but its evolution depends only partially on its choice. Realized random 

shocks affect the accumulation of financial capital directly and indirectly. We present 

a neoclassical framework for analyzing the dynamics involved in maintaining the 

stock of financial capital. We analytically establish that there exist dynamics that 

emanate from the wedge between the actual financial capital ratio of a bank and its 

steady-state position. Furthermore, stricter market discipline accelerates financial 

capital accumulation through its effect on profits. Cost efficiency increases steady-

state financial capital ratio. A shock permanently increasing bank's exposure to credit 
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risk slows down capital accumulation and reduces steady-state capital ratio. Finally, 

monitoring is cost increasing thereby reducing profits and slowing down capital 

accumulation, but simultaneously lowering credit risk realizations which accelerates 

accumulation. 

Appendix A: Proof of Proposition 1. 

Proposition 1: Suppose that crt is greater than kt, all t, and that t  and 2

2

t

dt

k
r are 

small enough, for all t, then ,0
t

t

dk
d  and .02

2

t

t

dk
d  

Proof: Suppose that crt is greater than kt, all t, and that t  is small enough, for all t. 

The first derivative of the profit function with respect to the beginning-of-period 

capital is given by 

 
t

t

t

dt

dt

t

t

ct

ct

t

t

t

kk
r

rk
r

rdk
d

              (A:1) 

We use the first-order-condition for the maximization of (14) subject to the capital 

accumulation (13) to get the partial derivative t
ct

t

ct

t

r
k

r
.68F

69 Note that in the 

aforementioned constrained maximization, it is immediate to derive that the Lagrange 

multiplier (the shadow price) of constraint (13) is just equal to 1, all t. 

 For the second and third terms of the RHS of (A:1) we invoke the Envelope 

theorem and derive directly from the profit function (14) the partial derivatives 
dt

t

r
 

and 
t

t

k
. We then substitute the expressions we derived for these partial derivatives 

t

t

dt

t

ct

t

krr
,, , respectively, into (A:1) and get the following: 

                                                           
69 The derivation of this result can be received upon request from the authors. 
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By assumption the first term in the RHS of (A:2) is positive, that is, the stock of credit 

extended crt is greater than the stock of capital kt and the elasticity k is negative. 

Therefore, for small enough exposure to credit risk (assumed small ), the first 

derivative (A:2) is positive. That is, the periodic profit increases with the beginning of 

period stock of financial capital, provided the exposure to risk is not too high.  

 Next as an auxiliary step, we form a Lagrange function, L, in which the 

objective function is (14) and the constraint is (13). We then take the first and second 

derivatives of the Lagrange function with respect to kt where we again apply the 

Envelope theorem and get 

 )1( t
t

t

tt

t kk
L .                        (A:3a) 

And accordingly the second derivative is 

 2
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Hence (by (A:3b)) for convexity of the profit function, it is enough to examine the 

second derivative of the Lagrange function and get 
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 Since by supposition the partial derivative 0
t

dt

k
r , we conclude from (A:4) 

that for a small enough second derivative 2

2

t

dt

k
r , the second derivative (A:4) is 

negative and thus period t profit function is convex with respect to financial capital kt. 

Q.E.D 
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Appendix B 

 Based on the first-order-conditions, a comparative analysis is carried out to 

find the conditions under which   0
t

ct

k
r

. 

 From the first-order-conditions we have 
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 By simply taking the appropriate derivatives of (B:1) and (B:2) and provided 

that the second order derivatives 2
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are small enough, we get the 

following results: 
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Combining these results give rise to a positive determinant of the Hessian. 
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and  
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Appendix C 

 In this appendix we show that given   0
t

ct

k
r , the share of distributed profit 

also increases with capital, k(t). We consider (13) and differentiate it with respect to kt 

and t to have, 
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Out of which, we get, 
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Appendix D 

 Based on appendix B we can also compute the total effect of a change in n on 

the choice variables rct, kt+1, t. The determinant of the Hessian  (see B:7) is the same 

as in appendix B. It remains to compute the following second-order partial derivatives 
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 From (B:1) we have that   ,0
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ctrn
L and from (B:2) we have 

that .0
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tkn
L  Hence the total effect of a change in n on rc is as follows: 
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And the total effect of a change in n on kt+1 is as follows 
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 Finally, in order to find the effect of a change in n on (t) we proceed in two 

steps: (a) by applying the Envelop theorem, we note that ,0** *
1t

tk
dn

d
dn

dL  

((*) indicates evaluation at the optimum). (b) by totally differentiating (13) we get 
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If the elasticity of kt+1 with respect to n is less than unity (in absolute value), then 

.0
n

t  
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Appendix E 
 
 Table E1  
   Regression results of Charged-offs (COR) on 
   Loan loss reserves (LLR) without lagged LLR 

   
Note: COR is the rate of charge-offs in total loans, LLR is the rate of loan loss  
reserves in total loans. All are quarterly data of all US commercial banks. 
 
 

Regression results:
Dependent Variable: COR
Method: Least Squares
Sample: 1995Q1 2012Q2
Included observations: 70
Convergence achieved after 16 iterations
White Heteroskedasticity-Consistent Standard Errors & Covariance

Coefficient Std. Error t-Statistic Prob.  

C -0.779405 0.503842 -1.546923 0.1266
LLR 0.940564 0.275559 3.413301 0.0011
AR(1) 0.917052 0.031872 28.7726 0.0000

R-squared 0.979411     Mean dependent var 1.006143
Adjusted R-squared 0.978796     S.D. dependent var 0.69779
S.E. of regression 0.101609     Akaike info criterion -1.693462
Sum squared resid 0.691731     Schwarz criterion -1.597098
Log likelihood 62.27117     Hannan-Quinn criter. -1.655185
F-statistic 1593.57     Durbin-Watson stat 2.093638
Prob(F-statistic) 0

Wald Test:
Equation: EQ_COR_LLR2
Test Statistic Value  df    Probability
F-statistic 0.046523 (1, 67)  0.8299
Chi-square 0.046523 1 0.8292
Null Hypothesis Summary:
Normalized Restriction (= 0) Value  Std. Err.
-1 + C(2) -0.05944 0.275559
Restrictions are linear in coefficients.

Unit Root test:
Null Hypothesis: RES has a unit root
Exogenous: Constant
Lag Length: 1 (Automatic based on SIC, MAXLAG=10)

t-Statistic   Prob.*
Augmented Dickey-Fuller test statistic -4.117453 0.0017
Test critical values: 1% level -3.53003

5% level -2.904848
10% level -2.589907

*MacKinnon (1996) one-sided p-values.
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Table E2:  
Regression results of Charged-offs (COR) on Loan loss 

                  Reserves (LLR) with lagged LLR's 

 
Note: COR is the rate of charge-offs in total loans, LLR is the rate of loan loss  
reserves in total loans. All are quarterly data of all US commercial banks. 

 
 

 

 
  

Regression results:
Dependent Variable: COR
Method: Least Squares
Sample: 1995Q1 2012Q2
Included observations: 70
Convergence achieved after 14 iterations
White Heteroskedasticity-Consistent Standard Errors & Covariance

Coefficient Std. Error t-Statistic Prob.  

C -0.1941 0.6298 -0.3082 0.7589
LLR(-1) 1.1430 0.3135 3.6463 0.0005
LLR(-4) -0.4929 0.1054 -4.6743 0.0000
AR(1) 0.9074 0.0579 15.6685 0.0000

R-squared 0.977445     Mean dependent var 1.006143
Adjusted R-squared 0.97642     S.D. dependent var 0.69779
S.E. of regression 0.107152     Akaike info criterion -1.57369
Sum squared resid 0.757783     Schwarz criterion -1.44521
Log likelihood 59.07919     Hannan-Quinn criter. -1.52266
F-statistic 953.3864     Durbin-Watson stat 2.198667
Prob(F-statistic) 0
Inverted AR Roots 0.91

Wald tests:
Equation: EQ_COR_LLR1
Test Statistic Value  df    Probability
F-statistic 1.233757 (1, 66)  0.2707
Chi-square 1.233757 1 0.2667
Null Hypothesis Summary:
Normalized Restriction (= 0) Value  Std. Err.
-1 + C(2) + C(3) -0.34988 0.314999
Restrictions are linear in coefficients.
Unit Root test:
Null Hypothesis: RES has a unit root
Exogenous: Constant
Lag Length: 1 (Automatic based on SIC, MAXLAG=10)

t-Statistic   Prob.*
Augmented Dickey-Fuller test statistic -4.558623 0.0004
Test critical values: 1% level -3.53003

5% level -2.904848
10% level -2.589907

*MacKinnon (1996) one-sided p-values.
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Chapter Four: Banks' strategies and credit spreads as leading indicators 
for the real business cycles fluctuations 
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Banks' Strategies and Credit Spreads as Leading Indicators for 
the Real Business Cycles Fluctuations 

 

 

 

 

Abstract 

Following Gilchrist and Zakrajsek (2012), we decompose bond credit spreads into a 
component that reflects the probability of default of the corporate firm and a residual 
referred to as "excess bond premium" (henceforth EBP). The latter appears to be a 
leading indicator of real business cycles. Our main contribution is in providing 
empirical support to the hypothesis that the EBP in part reflect the influence of the 
commercial banks’ strategies on corporate bond pricing. This influence emanates 
from the superiority of information on firms' debt repayment and settlement banks 
have and capital market lenders do not. This superiority comes about from the 
relatively high monitoring costs and the constrained restructuring ability capital 
market lenders face. These findings are consistent with the notion that a rise in EBP 
reflects a measure taken by banks that could lead to further downturns in the 
economy. 
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1. Introduction 

At the beginning of the recent global financial crisis, economies around the globe 

suffered severe liquidity shortages and a credit crunch, probably the worst since the 

Great Depression. Since this recent crisis monetary policymakers and monetary 

economics researchers have been paying much more attention and giving much more 

consideration to the functioning of the monetary policy transmission mechanism, that 

is, the channel from the monetary policy key rate to interest rates in the financial 

market and through it to investors, savers and other economic agents.  

 In line with this development, Gilchrist and Zakrajsek (2012) (henceforth GZ) 

consider the yield spread (henceforth "credit spreads") in the bond market as part of 

the monetary transmission mechanism to argue that "… credit spreads—the difference 

in yields between various private debt instruments and government securities of 

comparable maturity—served as a crucial gauge of the degree of strains in the 

financial system…. In addition, movements in credit spreads were thought to contain 

important signals regarding the evolution of the real economy…". (GZ) 

Elton et al. (2001), in explaining the credit spreads, distinguish between (i) the 

effect of the expected default loss on the credit spread; (ii) the effect of the tax 

treatment of corporate bonds; and (iii) the effect of the credit risk premium. 

Consistently with this decomposition, they find empirical support in the US data for 

these effects. Similarly GZ decompose the credit spreads into two components. The 

first is a component that captures the countercyclical movements in expected default 

of the corporate bond issuer. This component reflects the available firm-specific 

information on the borrowing firm’s financial health and is by definition correlated 

with a measure of the probability of default loss of the corporate debt issuer. The 

second component, which GZ termed an excessive bond premium (henceforth EBP), is 
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an unexplained portion of the variation in the credit spreads that reflects (capital 

markets and banks) lenders preferences towards risk and risk management strategies. 

More precisely it is a default-risk factor that captures compensation for bearing 

exposure to corporate firm's credit risk, required by lenders above and beyond the 

expected default loss.69F

70  

In that respect GZ argue that "This decomposition is motivated in part by the 

existence of the 'credit spread puzzle,' the well-known result from the corporate 

finance literature, showing that less than one-half of the variation in corporate bond 

credit spreads can be attributed to the financial health of the issuer,...". GZ use US data 

on the financial health of the corporate borrowing firms, and apply Merton (1974) to 

compute the borrower's distance to default (henceforth DD) - an index for the 

repayment ability of the borrowing firm. Note that GZ do not directly compute the 

EBP based on a conceptual framework, but rather derive it empirically as a residual 

component. The EBP is hence by construction orthogonal to the DD. 

Both components of the credit spreads were found by GZ to have certain 

characteristics, including being leading indicators (having predictive power) of the real 

economic fluctuations. Furthermore, they find that the EBP has a significantly larger 

influence on the real business cycles than the other component of the credit spread. 

These results indicate that a substantial portion of the informative content of the GZ 

credit spread is originated in the deviation of the pricing of the corporate bonds from 

the measure of the expected default loss. Our contribution is in providing theoretical 

and empirical analysis of the EBP dynamics, in particular we show that banking 

strategies affect the capital spreads in a way that is predictable and statistically 

testable. The motivation to examine the influence of bank's strategies on the capital 
                                                           
70 According to GZ, variations in this default-risk factor could originate in changes in the lender's 
attitude toward risk, but they did not pursue this line of research. 
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market pricing comes from the structural asymmetry of information between banks 

and capital market lenders. 

Our view is that when there are frictions in the financial markets in the form of 

information asymmetry between lenders and borrowers and between lenders of 

different types (banks vs. capital market lenders) the effect of the credit risk premium 

(the aforementioned last component) on the credit spreads is more pronounced. (A 

discussion of the role of these frictions in pricing of the corporate bonds appears in the 

next section.) Consistently with this view, we examine and test whether the EBP is 

influenced by the financial intermediary's strategies. This is the main contribution of 

our research.  

The financial intermediary's strategies can be reflected in changes in the 

availability of banking supply of funds or in changes in their risk management. These 

changes are hypothetically correlated with the real business cycles. Since by 

construction the EBP is orthogonal to the DD, anything that is found significantly 

influencing the EBP is expected to be orthogonal to the DD. In order to test this 

hypothesis we empirically identify banking strategies as well as the informative 

content of the credit spreads in an environment that shies away from the frictionless 

financial markets of Modigliani and Miller.  

In this environment financial intermediaries play a central role in the linkages 

between the quality of the borrowers and their access to external finance. By activating 

measures like monitoring borrowers, exploiting economies to scale in their risk 

managements, applying credit rationing strategy and the like, they (the banks) can in 

fact mitigate the effects of the information asymmetry. This analysis integrates into the 

literature that shows that financial intermediation and debt contracts help in 

ameliorating the economic consequences of information asymmetry with beneficial 
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implications for resource allocation and economic activity (see Townsend (1979); 

Diamond and Dybvig (1983); Diamond (1984); Gale and Hellwig (1985); Boyd and 

Prescott (1986); and Beck et al. (2000) to mention few). 

Bleaney et al. (2012) apply GZ’s methodology utilizing European bond 

markets, and find similar results regarding the influence of the EBP on the real 

business cycles. Gilchrist & Mojon (2014) also study the informative content of the 

bond yield spreads for different sectors (including the financial sectors) in the 

Eurozone. They also found the credit spreads to be robust leading indicators for the 

real business cycles. In line with this literature, Sasi-Brodesky (2013) also uses Merton 

(1974) to calculate the probability of default of corporate firms utilizing Israeli data 

and examines whether the credit spreads in the capital market are large enough to 

compensate lenders for the corporate firm’s probability of default. In line with GZ she 

finds that there is excessive bond premium.  

For the empirical application we use a panel of micro-level Israeli data from the 

capital markets including, among others, yields on corporate bonds and on 

government bonds; other financial characteristics of the corporate firms; and financial 

data on the Israeli banking system. To empirically identify the banks’ strategies we 

use special US and Israeli data (specified later).70F

71 Our main finding is the empirical 

support for the hypothesis regarding the influence of the banks' strategies on the EBP. 

In the application of the GZ methodology using Israeli capital market data we find 

that the EBP components of the credit spreads in the Israeli capital market are leading 

indicators for the real business cycles as was found in the US and in Europe. Our 

study integrates also into the literature that describes the link between the banking 

                                                           
71 Unfortunately, the length of the available Israeli data series is significantly smaller than that of the 
US, hence limiting our statistical analysis. 
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system and macroeconomic activity (see, for example, Monnin and Jokipii (2010)), 

but in our paper this relationship transpires through bond market pricing. 

The paper is organized as follows. Following the introduction, we provide a 

brief conceptual framework that mainly deals with the role of the assumed 

information asymmetry. In section 3 the credit spreads are constructed and then 

followed by the study of their effects on the real business cycles. The decomposition 

of the credit spreads is done in section 4, utilizing the Merton (1974) index for the 

computation of the probability of default of Israeli corporate firms. The next section 

explores the extent to which the two decomposed components of the credit spreads 

maintain the property of being leading indicators of the real business cycles. In 

Section 6 we identify the effects of the Israeli commercial banks' strategies on the 

excess bond premium, and in section 7 we conclude. Most of the technical work, in 

which we simply follow GZ in their treatment of the credit spreads, appears in 

appendices A–D. 

2. Conceptual Framework 

As we alluded to in the introduction, the hypothesized relationship between the 

banking strategies and the EBP, if exists, may have originated in the financial market 

friction in the form of information asymmetry. The conceptual framework within 

which this relationship emerges consists of information known to certain players 

while others rely on signals in order to appropriately price their assets and/or 

liabilities. Conceptually, under the efficient market hypothesis, the borrowers' and 

lenders' information that is relevant and known in the capital markets should be 

correlated with the borrower's probability of default, and thus by construction be 

orthogonal to the EBP. However, since we assume there are frictions in the capital 

markets, some exclusive information known to banks triggers the use of the banks' 
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specific strategies that send signals to the capital markets. This signaling eventually 

influences the pricing in these markets and thus its effect may appear in the EBP.  

We assume there are two kinds of financial market frictions in the model 

environment. The first includes frictions that stem from the costly state verification 

characteristics that give rise to superior information regarding their net worth that 

borrowers have over financial intermediaries (banks) and other capital market lenders. 

The second type includes frictions that come about due to the inferiority of 

information on firms' debt repayment and settlement that is available in the capital 

markets as compared with the information known to banks. This latter kind of 

information asymmetry emerges due to the relatively high monitoring costs and the 

constrained restructuring ability capital market lenders face. For lenders to evaluate 

the required premium, they need to identify the shock that makes the information 

asymmetry relevant and assess its influence on both lenders and borrowers. The 

decomposition of the credit spreads, as is done in GZ, enables us to track the influence 

of the shocks on the pricing of bonds including that of the EBP. 

Financial market frictions prevent financial institutions and other lenders from 

appropriately pricing their extended loans. Instead, these institutions (mainly banks) 

resort to various policy strategies71F

72 including restructuring their borrower debts, credit 

rationing, monitoring, required collaterals, holding financial capital, employing risk 

management experts, the accumulation of loan loss reserves and so forth. These 

measures are considered within the framework of banks' prudential risk management 

and, once activated, may have bearings on capital market equilibrium pricing. 

The dynamics that is generated by the frictions works as follows. In the case 

of the costly state verification a shock to the net worth cannot be identified and 
                                                           
72 Banks can usually resort to a wider range of tools and constraints than other lenders. 
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thereby be evaluated in the probability of default of the borrower firm, and can only 

trigger the aforementioned measures to be undertaken by banks and possibly by some 

other lenders. These measures either influence capital market equilibrium directly by 

shifting borrowers away from or to banks, or deliver signals to capital market 

participants which they take into consideration in pricing the bonds. Consequently in 

these cases due to the frictions, the pricing of the corporate bonds will be done by 

adjusting the EBP.  

In the case of the capital markets' inferior information (relative to banks) on 

the borrowers' financial health, the measures employed by the banks in reaction to a 

financial shock may drive their own clientele and others into or out of the capital 

market. Because of this inferiority capital market lenders cannot differentiate between 

borrowers' financial health and consequently resort to indiscriminative pricing 

through the EBP. These frictions are therefore instrumental in generating the 

influence of these banking policy strategies on the EBP. Bryant (1980) demonstrates 

explicitly how banks’ strategies send relevant signals to the capital markets, which 

influence the pricing in those markets. 

3. Corporate Bond Credit Spread Index  

We follow GZ’s methodology in constructing corporate bond credit spread indices, 

adopting their "bottom-up" approach (see Gilchrist, Yankov, and Zakrajsek (2009)) to 

have an index with high informative content for future economic developments. A 

micro-level sample of Israeli nonfinancial firms72F

73 is utilized for this study. The 

sample includes information on 688 firms over the 2003–2011 period, totaling 23,606 

observations. For each firm in the sample we obtained its average monthly bond 

market value, duration, maturity at issue and credit rating of its daily issues during the 

                                                           
73 Excluding financial corporate firms, but construction and holding companies are included. 
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month and other available information (summarized in Table 1).73F

74 To avoid duration 

mismatch in the computation of the credit spreads, we match each corporate bond 

with a zero-coupon government bond with similar duration and with similar present 

value of its cash flow.74F

75 Similar to GZ we define the credit spread by the difference 

between the corporate bond's yield and its government counterpart. For the 

computation of the credit spreads we used micro-level daily data. 75F

76 

Table 1. Summary Statistics of Corporate Bond Characteristics 

  Variable Mean SD Min P50 Max 

Number of CPI-indexed corporate 
bonds per firm/month 

1.89 1.56 1.0 1.0 14 

Number of nonindexed corporate 
bonds per firm/month 

1.65 1.10 1.0 1.0 8 

Market value of issue  
(NIL million, constant prices) 

512 1,348 0.0336 96.5 19,950 

Maturity at issue (years) 8.2 2.6 1.55 7.5 21.7 

Term to maturity (years) 5.3 2.6 0.0219 5.1 21.6 

Duration (years) 3.0 1.5 0.40 2.8 15.1 

Credit rating (Moodey's)   D AA- AAA 

Credit spread on CPI indexed 
corporate bonds (pct.) 

7.13 8.76 0.016 3.80 49.78 

Credit spread on unindexed 
corporate bonds (pct)  

3.68 6.42 0.0016 1.81 49.79 

Note: Sample period: 2003.1–2011.7, Number of firms = 688.  
Sample statistics of the top 7 rows are based on the original collected data, Observations = 23,606.  

         Sample statistics on the credit spreads are based on trimmed data (see text for details), Observations = 18,502. 

 

To ensure that our results are not driven by a small number of extreme 

observations, we filter out all observations for which the spread was negative or 

greater than 50, as well as observations in which the debt values are not strictly 

positive. The market values of the corporate firm's debt were all in constant prices. 

                                                           
74 Unlike GZ, due to the small size of the Israeli capital market, we couldn't filter out issues to have 
only senior, unsecured ones with a fixed coupon schedule. However, we did take into account in our 
statistical methodology a tradability measure of the corporate bond, which to some extent indicates the 
firm’s capital structure (see later in the text).    
75 For the computation of the present value we use the one-year government yield. 
76 To aggregate the daily credit spread into monthly frequency we followed two steps: first, for each 
corporate firm we take a weighted average of the credit spreads of all of its bond series traded in that 
day. In the second step we simply use the monthly average of all of the daily credit spreads of each 
corporate firm traded in that month. For each corporate firm the weights were the daily share of the 
market values of the bond's obligation in its total bonds' obligation traded on that day. 
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The final (filtered) sample includes 16,535 credit spreads of CPI-indexed bonds and 

1,967 of unindexed bonds. 

For time series analysis we also derive month t aggregate (over all firms) 

credit spreads, CSt, where, following GZ, we apply the arithmetic average 

methodology in which the spread is calculated as 
i k s

ikst
t

t CS
N

CS 1  at each 

month t, where Nt is the number of bonds outstanding in our sample and CSikst is the 

credit spread of corporate bond k (relative to a government bond with similar 

characteristics) of firm i on day s of month t. In Figure 1, we depict the dynamics of 

the CSt along with two other frequently used types of spreads over the 2003–2011 

period. The other two types of credit spreads are the average yield differences 

between BBB-rated corporate bonds and AA-rated corporate bonds, and the yield 

spread between business sector bonds with durations ranging for 0.5–2 years and 

government bonds with similar durations. The shaded area indicates periods of 

recession. 

Apparently all of these three credit spreads widened during recessions, 

indicating a higher risk premium and counter-cyclicality (see Figure 1). Furthermore, 

all three started to rise about 6 quarters before the OECD identification of the 

beginning of the 2008–2009 recession. 
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Note: Sample period 2003.1–2011.7. The figure depicts the following credit spreads: our spread; Bbb–Aa 
rated corporate bond spreads; Business sector corporate vs. government bonds with duration ranging 0.5–2 
years 
. 

Figure 1. Selected Corporate Credit Spreads 
 

Next we analyze the relationship between credit spreads and current economic 

activity and whether the credit spread is a leading indicator of fluctuations in the real 

business cycle. To that end, and in the spirit of GZ, we estimate the following 

equation: 

tttttt ZRBCSdYdY 211       (1) 

where Yt denotes the level of real activity and )/ln( 1ttt YYdY ; CS denotes the credit 

spreads; RB is the real short-run interest; Zt is a vector of exogenous control variables; 

and t  is the forecast error. In addition we use the aforementioned alternative measure 

for our CS. (For more details of the analysis and estimation results see Appendix A). 

The bottom line that comes up in this analysis is that, similar to GZ, we found 

the credit spreads to be leading indicators of fluctuations in the real business cycles. 

That is, there is informative content in the credit spreads that helps in forecasting real 
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activity. In what follows, we study this informative content and particularly its 

relationship with the financial intermediaries.76 F

77 

4. Predicted Credit Spread and Excess Bond Premium 

To further explore the informative content embedded in the credit spreads, we follow 

GZ in decomposing the credit spread CS into two parts: a component that captures the 

premium required by capital market lenders as compensation for the expected 

probability of default of the corporate issuer firm; and the residual EBP. In line with 

our conceptual framework we argue that the latter is affected by the private 

information held by banks regarding their borrowers that is revealed to the capital 

market participants through the banks' strategy choices and conduct.   

Similar to GZ, in order to accomplish this decomposition we use the empirical 

work of Berndt, et al. (2008), where the log credit spread on bond j issued by firm i at 

time t is a function of the probability of default (EXDFTt) of the corporate firm and a 

vector of the bond/firm characteristics, tiZ , , as represented in equation (2). 

tittititi ZEXDFTCS ,,,, ')ln(         (2) 

where the zero mean disturbance ti,  represents pricing errors. Calculating the 

average credit spread of all outstanding bonds for each firm in every period and given 

the probability of default of firm i at each period t (derived later in line with Merton 

(1974)) we were able to estimate equation (2) using an OLS regression.77F

78  

                                                           
77 In addition to the credit yield spread our study required data on the corporate firm's equity and debt, 
the return on equity, market value of the debt, and the corporate firm's use of banking loans. This 
information was obtained from the corporate financial statements and reports to the stock and bond 
markets. All firms that do not have the full information needed were deleted from the sample, further 
reducing the number of observations to 13,148. 
78 Equation (2) relates various variables to the credit spread. By construction, only variables that 
influence corporate bonds differently than they do government bonds, affect the credit spreads. Hence 
confounding macro factors and (matching) durations are unlikely to influence the credit spreads. 
Therefore we think that estimating equation (2) by OLS is in place. However to check for robustness 
we did also use other methods of estimation including the SUR methodology. The estimated 
coefficients of equation (2) are found insignificantly different between these various empirical 
methodologies and thus found robust. 
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The fitted value of the credit spread regression of equation (2), tiSC ,
ˆ  is 

averaged out across firms at period t:   

)
2
ˆ'ˆˆexp(1ˆ1ˆ

2

,,
i

titi
i

itt ZEXDFT
N

SC
N

SC       (3) 

where 2ˆ is the estimated variance of disturbance term ti , . The EBP in period t is 

simply78 F

79 computed by  

ttt SCCSEBP ˆ .          (4) 

Given this decomposition we can estimate the forecasting power of the expected 

distance to default and the EBP in affecting economic activities.  

In Appendix B we follow GZ and others in estimating the corporate firm's 

probability of default, using the distance to default framework developed in Merton 

(1974), and apply it to our data. Our sample runs from January 2003 until July 2011 

and initially included 11,153 observations. After excluding extreme observations of 

DD values, our final sample has 8,752 observations.79F

80 

Figure 2 displays the weighted average of DD, where the weights are the share 

of each firm's debt in total debt as of period t throughout our sample period.80F

81 We also 

marked the recession periods by the shaded vertical bars.81F

82 By construction, higher 

DD means lower default risk. We identify a decline in DD in the earlier months of 

2003 (the second Intifada unrest), during the more recent recession of 2008, and 

recently in mid-2011. A very similar pattern is found in the average US firm DD (as 

                                                           
79 We adopt the approach of Bleaney, et al. (2012) in constructing the EBP, where they subtract the 
fitted value of CS in (4) at the firm level and only thereafter average out. In contrast, GZ average out 
first and then subtract the fitted value. We deviate here from GZ because we don’t have a complete data 
set for each bond characteristic and at every point in time. 
80 Following GZ, we eliminate from the sample all observations with a DD value of less than -2 or 
more than 20. We also check different cutoff values and find the results to be robust. 
81 In each month the average of DD values are weighted by the firm's debt as a share of total debt. 
82 Recession periods based on the Bank of Israel Composite State of the Economy Index (Marom, et al., 
2003).  
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computed in GZ, although in periods of high growth the level of the Israeli DD is 

much lower than the value in the US. 

 

Figure 2. Weighted Average Distance to Default 
 
 In order to evaluate the risk premium embedded in the corporate bonds we 

regress credit spread CS on the tiDD ,  and other control variables that relate to bond 

specific characteristics including the term premium, the degree of liquidity (specified 

below), the bond's duration in years (DUR), the outstanding value of the firm's bonds 

(PAR) and the age since issued in days (AGE).82F

83 In order to compare our results with 

those of GZ, we include their results in the last column of Table B.3 in Appendix B. 

Since the (lack of) liquidity in the capital markets may account for most of the 

price volatility in these markets, we also incorporate three alternative liquidity indices 

in the estimation of equation (2): (i) the one suggested in Amihud (2002) (denoted by 

Liq_stock_d); (ii) an index derived from Bid-Ask data (denoted by Bid_ask_d); and 

(iii) derived price elasticity in the bond market (denoted by Elas_bond_d). (For more 

                                                           
83 The panel data regression also includes dummy variables for industries like construction and holding 
companies, fixed effects at the firm's bonds level and also a dummy variable for the 2008 recession. In 
some of the regressions we add other variables like dummy variables for the credit rating (Dum_Rank) 
that gets 1 for bonds rated A and above, and zero otherwise. 
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details see Appendix C.) We then add the degree of the liquidity indices to the 

regression of the credit spread and report the results in Table C.1 (in Appendix C). All 

three estimate coefficients of the effect of liquidity are of the right sign and at a level 

of significance of at least at 10 percent. The estimate coefficients of DD remain intact, 

and so do most of the other variables. 

5. EBP as Predictor to Economic Activity  

We now decompose the credit spreads CS into its two components—the fitted value 

and the EBP—and then separately study the effects of each component on the 

economy (the growth of GDP; the growth of business product; unemployment and 

investment). To that end we re-estimate the regressions presented in Tables A.1 and 

A.2 (Appendix A), where we replace the total credit spread with the two derived 

components as explanatory variables. The results are documented in Table 2. 

 

DU DU GDPBS_GR GDP_GR Financial 
Indicator 

(4) 
 

(3) 
0.043 

]1.40[  

(2) 
0.593-  

]3.70[  

(1) 
0.540- 

]2.62[ 

 
RB(-2) 
 

0.118 
]7.20[  

0.110-  
]6.59[  

0.865 
]7.27[  

0.593 
]5.35[ 

WTO_GR 
 

  0.796-  
]5.86[  

0.710- 
]3.54[ 

CS_PR 

  -0.128 
]1.43[  

0.241- 
]2.31[ 

EBP(-1) 

0.007 
]0.40[  

0.029 
]1.27[  

  CS_PR(-2) 

0.035 
]1.78[  

0.033 
]1.74[  

  EBP(-4) 

0.068-  
]0.53[  

0.369-  
]1.48[  

11.15 
]11.4[  

10.16 
]7.38[ 

Constant 

0.761 0.770 0.855 0.831 Adj. R2 

NOTE: Sample period 2003:Q2–2011:Q3. Each specification also includes the dependent 
variable in the previous quarter. In some regressions we also add the term spread variable 
and dummy for the Second Lebanon war (not reported). t-statistics are reported in 
brackets. 
 

Table 2. The Excess Bond Premium and Economic Activity 
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The first column of Table 2 indicates that the excess bond premium is a 

predicator of GDP growth but insignificantly so for the business sector. The fitted 

credit spread explains GDP growth contemporaneously, while the EBP does so one 

quarter ahead. This last result is in line with Bleaney et al. (2012) estimators for the 

European corporate credit spreads, but the coefficient estimate of the EBP when the 

Israeli data are used, is much smaller than the European estimators and closer to the 

US estimator. Since unemployment lags GDP growth, it turns out that the two 

decomposed components of credit spread serve as leading variables, with 3–4 quarters 

lead over the quarterly changes in the unemployment rate. The decomposition of the 

credit spreads improves the goodness of fit of the regression in explaining the 

economic activity as reflected in the adjR2 in all specifications.83F

84  

6. Commercial Banks and the EBP 

So far we have shown that excess bond premium exists and that it does have some 

predictability power regarding the real business cycles. Our hypothesis is that 

information on banks' strategies which, in the case of a bond issuer is orthogonal to 

the DD, may affect the excess bond premium in the capital market. This information 

may be embedded in strategic choices banks make, which are not directly related to or 

derived from the single borrower's ability to repay his/her debt. For example, suppose 

that due to some aggregative (macro) realization, banks decide to require additional 

collateral from all borrowers belonging to a particular sector, which, given the 

asymmetry of information, should not in principle be applied equally or 

indiscriminately to all members of this sector. This requirement may induce capital 

market lenders to increase the bond premium they charge all borrowers who belong to 

                                                           
84 Regarding the lags that we report in Table 2, it is the best lag structure that we ended up getting in 
the regression, and indeed various combinations of lags were examined including the lag structure that 
is originally (before the decomposition) found significant and reported  in Tables A:1 and A:2. 
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that sector regardless of whether a particular borrower's distance to default was 

affected by the shock.   

When such an aggregative development emerges and additional collateral is 

not feasible, banks could instead resort to loan loss provisions to cope with the 

expected realization of the aggregate development. This information on the banks' 

new provision, once realized in the capital market, may signal to the capital market 

lenders to require a higher risk premium. Yet because of the asymmetry of 

information between banks and their borrowers it sheds only partial light, or in some 

cases even no light at all, on the assessment of the borrower's DD. Credit crunch and 

credit rationing are other examples of a bank's strategies that convey valuable 

information to capital market participants regarding their pricing, yet do not fully 

affect the borrowers' DD because of the asymmetry of information. 

 As for the selection of explanatory variables in the EBP regression84F

85, since 

banks can mitigate the effects of the information asymmetry on the credit spreads by 

activating appropriate measures (strategies), the inclusion of the latters in that 

regression need be considered.  

6.1 The share of the firm's debt to commercial banks 

Another type of information that may affect the premium in the capital market with 

the same aforementioned characteristics is if a borrower in the capital market also has 

debt to commercial banks. Since banks have an advantage over the capital market 

lenders in monitoring and restructuring their borrowers' debt, the mere fact that a 

borrower is screened and followed by banks could be rather valuable for the capital 

market participants in pricing that borrower. It actually has two opposing effects on 

                                                           
85 Earlier in the paper we note that the first component of the decomposition reflects the available firm-
specific information on the borrowing firm's financial health and is by construction correlated with a 
measure of the probability of default of the corporate debt issuer. It is a very specific group of variables 
(according to Merton) that should enter the credit spread regression and we follow suit. 
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the bond premium. On the one hand, capital market borrowers could require a smaller 

premium since they can at least partly rely on the banks’ handling of the borrower’s 

repayment capability. On the other hand, since banks require collateral and capital 

market lenders usually require less, having debt to both may reduce the recovery share 

of the bond holders in a case of default, which implies requiring a higher bond 

premium in advance. 

To verify the existence of these types of effects on the EBP, we empirically 

identify banks' strategies that are independent of the corporate firm's DD and then 

estimate the effects of these strategies on the EBP. We then utilize the following 

empirical methodology. At first we collect for each firm in our sample the share of its 

debt to the banking sector in its total debt (SH). In a panel regression of the EBP we 

used these shares as explanatory variables and found a significant negative 

coefficient, supporting our claim that capital market lenders that rely more on the 

banking sector (larger SH) have the advantage that banks handle their borrowers' 

repayment capabilities.85F

86 This negative relationship became more significant when we 

used fixed effect for the time periods. This result is consistent with the observation 

that most of the variability in these shares originates in the cross-sections. The 

negative sign in this regression remains intact when we replace the SH with a rank 

variable (SHr) that obtains a value of 1 (for SH smaller then 0.25) up to 4 (for SH 

higher then 0.75). We did not find a significant effect in the opposite direction, i.e. 

from the EBP to SH or SHr. 

In the second stage we run similar regressions of the EBP utilizing time series 

data, the results of which are reported in Tables 3 and 3a. In these regressions we use 

quarterly averages of monthly SH and SHr, respectively, as well as of other banking 

                                                           
86 In the regression we use the share of the debt to banks with two lags in order to overcome its 
endogeneity. The regression results can be obtained from the authors. 
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variables that are reported by the banks. These variables may serve as signals to the 

capital market lenders and thus potentially affect their pricing of the bonds. In 

particular we use the banking global loan loss provision as a share of total outstanding 

loan balances (gLLR) and the bank's specific loan loss provision as a share of total 

outstanding loan balances, (sLLR)86F

87, as well as the growth of total bank credit 

(credit_gr), in the EBP regression. 

  

Explanatory variable (1) (2) (3) (4) 

CDS_Isr 0.002 
[3.66] 

0.002 
]2.91[  

 0.001 
[2.43] 

gLLR(-1)  55.66 
]1.63[  

57.57 
 ]2.01[  

56.99 
]1.63[  

sLLR(-1) 19.84 
[3.96] 

 

25.48 
[4.36] 

22.94 
]4.27[  

 

25.88 
[4.25] 

Int_gap(-1)   1.924 
]3.79[  

 

credit_gr(-2) 0.548 
]2.18[  

0.598 
]2.52[  

0.516 
]2.41[  

  

0.581 
[2.39] 

  
SH(-2) -0.16 

]2.37[ 
-0.07 

 ]2.95[ 
  

-0.08 
 ]1.23[ 
  

-0.18 
]2.75[ 
  

Adj.R2 0.636 0.675 0.743 0.662 

No. Obs. 27 27 27 27 

t-statistics are reported in brackets. 

Table 3. Banking indicators affecting the EBP With SH 

 

We also include the spread between the nominal interest rate on 6–12 month 

loans (Int_gap) and the Bank of Israel policy interest rate (r_boi) in this time series 

                                                           
87 Specific loan loss provision is the bank's provision for realized loan losses. Global loan loss 
provision is the bank's provision for deterioration of loan repayments that cannot at that moment be 
identified with a specific borrower. When the bank resorts to gLLR, some of its borrowers' probability 
of default may be provided for twice. For example, consider a weak borrower who belongs to a certain 
sector j in the economy and who has already been provided for in the sLLR policy framework. Suppose 
now that in accordance with the prudential risk management the bank decides to provide for the whole 
sector j by increasing its gLLR. Our borrower is now provided for twice and the bank may decide as a 
result to reduce its excess sLLR.   
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regression as indicators of the commercial banks' market power, as well as the CDS 

on Israeli government bonds (CDS_Isr), reflecting the exogenous country risk. All 

these variables appear in the regression with lags in order to deal with the potential 

endogeneity inherent in such regressions. 

 

Explanatory variable (1) (2) (3) (4) 
 

CDS_Isr 0.023 
]3.31[ 

0.018 
]3.01[ 

 0.017 
[2.12] 

gLLR(-1)  52.98 
]1.39[ 

57.29 
 ]2.04[ 

57.03 
]1.60[ 

sLLR(-1) 17.42 
]3.69[ 

21.04 
 ]3.46[ 

19.26 
]4.07[ 

23.16 
[3.99] 

Int_gap(-1)   2.389 
]4.86[ 

 

Credit_gr(-2) 0.487 
]1.87[ 

 0.381 
]1.84[ 

  

0.510 
]2.02[ 

  
SHr(-2) -0.05 

]2.21[ 
-0.07 

]3.02[ 
  
  

0.01 
 ]1.19[ 

  

-0.06 
 ]2.59[ 

  

Adj. R2 0.627 0.603 0.661 0.652 

No. Obs. 27 27 27 27 

                         t-statistics are reported in brackets. 

Table 3a. Banking indicators affecting the EBP where  
SHr is used 

 

Note that the CDS on the government bonds is different from the other 

explanatory variables in that that it does not directly relate to banks. However we 

include it to control for the effect of the exogenous country risk on the EBP. Note that 

in applying the VAR (section 6.2) we include the stock market variables to control for 

the effect of the stock market on the EBP. This control is necessary since the shocks 

we introduce affect the stock market as well. However, there is no need to control for 

the CDS in the impulse response since the various shocks do not affect the CDS. 
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In almost all regressions we found significant coefficients with the expected 

sign. The regression results are consistent with our hypothesis that a larger SH (as 

well as SHr) reduces the EBP, since the banks' monitoring of the firms’ conduct as 

part of their prudential risk management strengthens capital market discipline. Similar 

regressions were estimated when the EBP as the dependent variable was replaced by 

the fitted credit spread, derived from the estimation of equation (2) (the results of 

which are reported in Table C.1 in appendix C). These regressions were found 

insignificant in explaining the fitted credit spreads. These results are indeed consistent 

with our hypothesis that banks' strategies affect the EBP. 

6.2 Applying VAR to identify the effects of banks’ strategies on the EBP   

Although tables (3 and 3a) provide empirical support for our hypothesis, we in 

addition apply dynamics to our empirical tests in the form of VAR methodology to 

follow the impulse responses of the EBP to bank strategies' shocks. These shocks 

include a) an increase in the bank's sLLR, which reflects a shock to the banks' 

exposure to credit risk; b) an increase in the ratio of equity capital to risk-weighted 

assets, CAP, the banks either choose or required to hold; c) an increase in the banks' 

coverage ratio, defined as the ratio of total operational (non-interest) income to total 

operational expenses, COV. All of these shocks are conceptually unexpected increases 

in the banks' conducts. They all can be interpreted at least in part as shocks to bank 

strategies, and eventually they all affect the EBP in a way that is consistent with the 

bank strategies, revealing relevant information in the capital market. These findings 

complement the results shown in Tables 3 and 3a, and support our hypothesis that 

banking strategies affect the pricing in the capital market through its effect on the 

EBP and in a predictable way. 
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 Specific loan loss reserves are usually strategic variables and in particular 

regarding the timing of the provisions. The instrument variables we use in the case of 

the shock to the sLLR can be identified as bank strategic conducts (see section (a) 

below for the discussion of the IV for the sLLR). Basle indiscriminately instructions 

regarding the required capital ratio make the individual bank's capital ratio a strategic 

decision. The required capital ratio is almost the same for all banks, so for a bank to 

hold higher capital ratio it must be for strategic reason. For the case where the shock is 

to the coverage ratio, it could go either way, it could be bank strategic as well as non-

strategic. However, the on-impact impulse response of the EBP in this case is 

dynamically similar to those of the other shocks. 

 The VAR estimations include in addition to the sLLR, gLLR, CAP and COV the 

following variables: The option-implied volatility on the TA100 (VIX) traded on the 

Tel-Aviv stock exchange and the (value-weighted) market excess return (MER) to 

control for the effect of the stock market on the EBP; and the firm's debt to 

commercial banks as a share of its total debt (SHr), which has already been found to 

have significant influence on pricing in the capital market. Other variables are the 

leverage of the bank (LEV); the bank’s problem loans as a share of total outstanding 

loan balances (PRL); and the profitability of commercial banks, (ROA).87F

88  

 It can be argued that some of the banking data are reported in book time rather 

than real time data and since bank quarterly report comes with a substantial lag, we 

actually use "future" data. In Israel the banking reports are usually received with a lag 

of two and half months (less than 1 quarter). Therefore, for the independent variables 

in the regressions (reported in Tables 3 and 3a) with one quarter lag, they may suffer 

from this problem. But for all independent variables with two quarter lag (SH and SHr 

                                                           
88 The ratio of net profit to total assets of the banking sector.   
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in particular) there is no problem of that kind, because the banking data are in before 

the end of the two lagged quarters. More importantly, in the impulse responses of the 

VAR methodology all explanatory variables appear with two quarter lag and thus do 

not suffer from this problem. 

   To rationalize our view that shocks to banks’ strategies affect the pricing in 

the capital market, we need to assume that there exist as aforementioned two types of 

information asymmetry: between borrowers and lenders (including the banks) and 

between the capital market lenders and the banks. Absence of the information 

asymmetry will have the bank's shock affecting the DD of the borrowing firm rather 

than its EBP, assuming that the bond market is efficient.  

  Since we are interested in the on-impact impulse responses of the EBP 

independently of the on-impact effects of the stock market responses, we neutralize 

the effects of the latter by designing the order of the variables in the VAR such that the 

on-impact effect of the stock market will be orthogonal to the shock in all of the 

shocks. The results of the VAR are displayed in the following Figures 3–5. We 

estimate the VAR representation for the period 2003:Q1 to 2011:Q3 using a lag of two 

periods for each endogenous variable, and also include a dummy variable for the 2008 

global financial crisis.  

The shock to the sLLR generates an announcement effect which causes capital 

market lenders to change their required risk premium by shifting the EBP. However, 

because of the information asymmetry between borrowers and lenders, the latters 

(with the inferior information) charge higher risk premium from all borrowers, 

indiscriminately, regardless whether the borrower is good or bad. The other shocks we 

introduce generate, in addition to the announcement effect, an expected relocation of 

borrowers that motivates capital market participants to further readjust their pricing 
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through the EBP. Here the asymmetry of information between lenders (banks and 

capital market lenders) matters as well. Banks are known to have better information 

due to the monitoring they undertake, and are thus capable of revealing relevant 

information to the market participants. 

a) An increase in the sLLR – a realization of higher exposure to risk 

The impulse response functions to a shock to the sLLR are displayed in Figure 3. The 

stock market is represented here by the MER, and it is designed to be on-impact 

orthogonal to the shock. In the top panel of Figure 3 the shock is displayed as well as 

the impulse responses of the MER. Here we design the VAR dynamics such that the 

gLLR will also be on impact orthogonal to the original shock, so that it will not 

counter on impact the effects of the examined shock. 

As for the main results, we get that on impact, the banking leverages increase 

insignificantly while the SHr remains constant, indicating a weak reaction if any by 

commercial banks to the shock. However, the EBP increases significantly on impact, 

which is consistent with the possibility that the mere knowledge of the bad realization 

in the banking sLLR (an announcement effect) is relevant in pricing the firm's bond 

premium, i.e. requiring a larger premium in the bond market. 

 Three types of criticism can be made regarding this last impulse responses. 

First, the sLLR should be highly correlated with the risk of the borrower and thus it 

should affect the bond premium directly through the DD. In order to examine the 

validity of this argument we replace the sLLR with the gLLR which may be correlated 

with a group of sectorial borrowers of which some are good and sound and others are 

less so. By definition it does not correlate with the DD of a particular borrower. The 

on-impact results of the impulse response to a shock to the gLLR (see figure D.1 

Appendix D) are similar to the shock to the sLLR. 
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Figure 3. Implications of a shock to sLLR on banks' conduct and on the 
EBP 

 

Second, it may be argued that the sLLR is endogenous and thus suffers from the 

endogeneity problem. To overcome this problem we use the ratio of sLLR/PRL as an 

IV for the sLLR, where this ratio reflects the strategic decision of banks regarding the 

appropriate timing to provide for a loan loss given that the borrower is already 

identified as problematic. This is a strategic policy and can serve as IV in this case. 
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Again the impulse response functions (see figure D.2 Appendix D) are similar to 

those we find in the original impulse responses to the shock to sLLR. 

 Finally, it can be argued that these results are specific to the Israeli banks. To 

test this argument we use GZ's US data to reproduce GZ impulse response functions 

to a shock to the broker-dealer’s excess return (Figure 9 in GZ’s paper). We then 

replace this shock with a shock to the US banks’ data on LLR. However, because of 

the possible endogeneity of LLR, we use the US banks’ data on the banks' write-offs 

to construct forward guidance in the form of recovery rates.88F

89 This forward guidance 

can then be used as an instrumental variable to identify the influence of US banks’ 

strategies on pricing in the capital market. We note that the recovery rate in the near 

future is unknown and its realizations can be used as shocks. See Gertler and Karadi 

(2014), who use similar methodology for the identification in implementing the VAR. 

In practice, we run an OLS regression of the US LLR on the write-offs, and use the 

residual (LLR_REC) as an IV in the following VAR.89F

90 The results are displayed in 

Figure D.3 (in Appendix D), where the on-impact impulse response of the EBP is 

again similar to what we found using the Israeli bank data (Figure 3).  

b) An increase in the capital ratio – expectations for higher realization of risk 

In the top panel of Figure 4, the shock to the capital requirement is displayed as well 

as the on-impact orthogonality of the stock market responses (as is displayed by the 

VIX) to the shock. In other words, on impact, the VIX does not respond to the shock. 

                                                           
89 The share of problematic loans that is recovered by the commercial banks. 
90 The details of this regression result can be obtained upon request from the authors. 
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Figure 4. Implications of a shock to CAP on banks' conduct and on the 
EBP 

 

The next three diagrams in Figure 4 show the on impact impulse response 

functions of commercial banks to the shock. In particular, both the leverage and the 

share of the firm’s debt decrease on impact, while sLLR remains unchanged. These 

responses are consistent with the assertion that, in response to the shock, commercial 

banks refuse to grant loans to some (possibly weaker) borrowers, who then reluctantly 

turn to the capital markets. Indeed as shown in the bottom panel of Figure 4, the 

capital market reacts by requiring a higher bond premium on-impact, which is 

reflected in the on impact increase of the EBP. Due to the asymmetry of information 

regarding the borrower’s repayment position, there could very well emerge a situation 

following the aforementioned shock where some good borrowers’ demands for bank 
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loans will be turned down. This is why their DD does not accurately reflect these new 

borrowers' risk. The resulting responses (shown in Figure 4) are consistent with our 

hypothesis that banks' strategies may affect pricing in the capital market through their 

effects on the EBP. 

c) An increase in the bank COV – a realization of larger market power and/or lower 

net cost of provision of financial services 

This shock reflects either a decrease in the bank’s marginal operating costs or an 

increase in the bank’s operating income, or both. As before, on impact the MER is 

orthogonal to the shock and the related impulse responses are as follows. Here we 

take advantage of the fact that commercial banks determine this ratio in accordance 

with their market power and operating costs. When market power increases, 

commercial banks will receive more noninterest income relative to interest income, 

and the COV will therefore increase. In addition, a positive shock to the COV could 

also represent a realization of lower operating costs in the provision of financial 

services, making it less necessary to seek a higher return, which implies higher COV 

and lower exposure to risk. 

 The impulse response functions to this shock are shown in Figure 5. On 

impact, the banks’ leverage and sLLR fall and the SHr is also reduced, although 

insignificantly. As far as the banks' optimal choices are concerned, all of these 

responses are consistent with one another following the realization of lower net cost 

of provision of financial services. 
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Figure 5. Implications of a shock to COV on banks' conduct and on the 

EBP 

 

As for pricing in the capital market, the lower exposure to risk by the 

commercial banks can justifiably be interpreted as a shift of weak borrowers from 

banks to the capital markets and, in light of the asymmetry of information, some of 

these borrowers are actually financially sound. Consequently, these changes could not 

be fully reflected in the DD, leading capital market lenders to require a higher 

premium, as is indeed reflected in the higher EBP (see Figure 5). 
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deposit rate (profit management known as cross-subsidy). Our impulse response of 

the interest rate gap to the shock shows no sign of such a development. 

To check the robustness of the impulse response results that are shown in 

Figure 5, we examine the impulse response to a shock to the interest income margin 

which can also be interpreted as a shock to the utilization of market power. Indeed the 

findings (see Figure D.4 in Appendix D) are similar to the impulse responses shown 

in Figure 5. 

7. Conclusions 

This paper builds on the framework introduced by GZ, where they find that the credit 

spreads contain informative content with regard to the real business cycles. They 

decompose the credit spread into the bond risk premium based on the probability of 

default of the bond issuer and the derived residual which they refer to as an excess 

bond premium. They find that this derived excess bond premium is a good predictor 

of real business cycles and thus a good leading indicator. We reproduce GZ’s results 

using Israeli capital market data and aim to explain the causes for the dynamics of this 

derived excess bond premium that makes it a good leading indicator of the real 

business cycles.  

 To that end we propose and show that this excess bond premium reflects, 

among other things, the commercial banks' influence on the corporate firm’s pricing 

of its bonds traded in the capital markets. To support this proposition we find 

empirical evidence of the relationship between the excess bond premium and the 

corporate firm’s debt to the banking sector as a share of its total debt. We find that the 

larger the share, the smaller the excess bond premium, implying that the commercial 

banks’ capability of monitoring and following their clients and their prudential risk 



501133-L-bw-Barnea501133-L-bw-Barnea501133-L-bw-Barnea501133-L-bw-Barnea

152 
 

management can be counted on in determining and pricing the bond premium. 

Consequently the bond holders can therefore be satisfied with a smaller premium.   

We use VAR estimation and generate impulse response functions to shocks to 

the banks’ strategic (including policy) choices, and find that a positive shock to the 

bank’s capital ratio on impact causes a rise in the excess bond premium. So does a 

positive shock to the specific loan loss reserves, and similarly a positive shock to the 

bank’s coverage ratio that positively affects the required bond premium. In 

conclusion, we notice that the excess bond premium is not only a leading indicator for 

the real business cycles, but also a channel through which the banking sector affects 

these cycles.      

Appendix A. Credit Spreads and Economic Activity 

In this appendix we study the relationship between credit spreads and current 

economic activity and whether the credit spread is a leading indicator of fluctuations  

in the real business cycles. To that end, and in the spirit of GZ, we estimate the 

following equation: 

tttttt ZRBCSdYdY 211              (A:1) 

where Yt denotes the level of real activity and )/ln( 1ttt YYdY ; CS denotes our credit 

spreads which, for our hypothesis, should appear in the estimation with one or more 

lags. Alternatively we replaced our CS by the yield difference between BBB-rated and 

AA-rated corporate bonds; RB is the real short-run interest rate, captured by the Bank 

of Israel's nominal interest rate net of the expected inflation90F

91 (with a lag of 2 

quarters); Zt is a vector of exogenous control variables such as changes in world trade 

and a dummy variable for the third quarter of 2006 reflecting the effect of the second 

                                                           
91 Expected inflation is derived from the yields on the CPI-indexed and nonindexed bonds that are 
traded in the Israeli capital market.   
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Lebanon war, which took place at that time, on the Israeli economy; and finally t  is 

the forecast error.  

In the regression of equation (A:1) we include as control variables: the slope 

of the treasury yield curve91F

92 reflecting the term structure; the real short-term key 

policy rate, reflecting monetary policy; and the growth of world trade (WTO_GR), 

reflecting the global demand for the Israeli exports, recalling that the Israeli economy 

is a small open economy. Our equation helps in examining the marginal informative 

content of the credit spreads, conditional on the aforementioned indicators. In the 

estimation we utilize four quarterly economic activity indicators: (i) the growth of the 

real GDP (GDP_GR); (ii) the growth of domestic business product (GDPBS_GR); 

(iii) the change in fixed capital formation (INV_FX); and (iv) the change in 

unemployment rate (DU). The estimated results of equation (A:1) for each of the 

dependent variables are reported in Tables A.1 and A.2.  

 

GDPBS_GR GDP_GR Financial 
Indicator 

-0.626** 
 ]2.70[ 

-0.496 
 ]91.5[ 

-0.497* 
 ]1.95[ 

-0.396 
[1.60] 

-0.688 
[1.34] 

-0.531** 
]2.44[  

RB(-2) 

1.109*** 
 ]6.89[ 

1.128*** 
 ]7.19[ 

1.023*** 
 ]7.05[ 

0.680*** 
[5.15] 

0.636*** 
[5.09] 

0.799*** 
[6.61] 

WTO_GR 

 -0.107  
 ]1.34[ 

  -0.211*** 
[3.15] 

 
 

BBB_AA(-1) 

-0.135 
[1.08] 

  -0.280** 
[2.52] 

  
 

CS(-1) 

8.146*** 
[7.53] 

7.595*** 
[6.27] 

5.804*** 
[5.17] 

7.400*** 
[6.56] 

3.860** 
[2.61] 

5.400*** 
[5.34] 

      Constant 
 

0.817 0.853 0.721 0.750 0.833 0.682 Adj.R2 
NOTE: Sample period 2003:Q2–2011:Q3. Each specification also includes a constant, GDP growth in the previous quarter, term 
spread variable and dummy for the Second Lebanon war (not reported). The values of the t-statistics are reported in brackets. *** 
Significant at the 1 percent level. ** Significant at 5 percent level. * Significant at 10 percent level.   
 
Table A.1. GDP and GDPBS Regressions 

(Quarterly data in annual terms) 

 

 

                                                           
92 The ratio of the 10-year Treasury yield to the one-year yield. 
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INV_GR1 DU Financial 
Indicator 

-0.434  
 ]1.06[ 

-0.292  
 ]0.66[ 

0.628** - 
 ]2.26[ 

0.054**  
 ]2.35[ 

0.028  
 ]0.84[ 

0.095**  
 ]2.25[ 

RB(-2) 

0.490**  
 ]2.09[ 

0.482*  
 ]2.00[ 

0.424*  
 ]1.71[ 

-0.117***  
 ]6.21[ 

0.131*** - 
 ]6.76[ 

-0.095***  
 ]4.52[ 

WTO_GR 

 -0.349**  
 ]2.20[ 

  0.024  
 ]1.62[ 

 
 

BBB_AA(-2) 

-0.700**  
 ]2.55[ 

5.224*** 
[3.37] 

 
 

3.306** 
[2.25] 

 
 

2.657*** 
[2.87] 

0.042**  
 ]2.55[ 

-0.366** 
[2.53] 

 
 

-0.242 
[1.59] 

 
 

-0.374** 
[2.17] 

CS(-2) 
 

Constant 

0.270 0.126 0.136 0.648 0.678 0.544 Adj. R2 
NOTE: Sample period 2003:Q2–2011:Q3. Each specification also includes a constant, dependent variable with 
one lag, and term spread variable (not reported). The values of the t-statistics are reported in brackets. *** 
Significant at the 1 percent level. ** Significant at 5 percent level. * Significant at 10 percent level. 
1. In quarterly terms. 

 
Table A.2. Unemployment and Investment Regressions 

(first difference) 

There are two panels in each of these Tables, where each panel corresponds to 

a different dependent variable. The first column in each panel is considered the 

baseline regression results. It is empirically evident that in each of the baseline 

regressions there are significant negative (positive in the DU regression) effects of the 

real short-term interest rate with a lag of two quarters and significant positive 

(negative in the DU regression) effects of the increase in the growth of world trade. 

The remaining two columns in each panel describe the results of the baseline 

regressions augmented by the two credit spread indicators. The latter were found to 

have significant negative effects on the GDP growth and on the growth in investment 

with a lag of one and two quarters, respectively. On the change in unemployment only 

the credit spread CS (as opposed to the BBB_AA spread) was found to have a 

significant positive effect with a lag of two quarters. In fact, the inclusion of the credit 

spreads in the regressions (relative to the baseline) improves the goodness of fit as 

measured by the adjusted R2 in most of the panels. The magnitude of the estimated 

coefficient of the CS spread is insignificantly greater than those of the BBB_AA 
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spreads. 92F

93 A current increase of 100 basis points in the CS credit spread implies an 

almost 0.28 percentage point (annual) drop in GDP growth in the next quarter. The 

standardized estimate of the CS spread is about 0.4 and is similar to the estimator for 

the US spread in GZ (2012).  

The bottom line of all this analysis is that using Israeli data, the credit spreads 

were found to be leading indicators of the real business cycles. That is, there is 

informative content in the credit spreads that help in forecasting real activity. We 

study this informative content and in particular its relationship with the financial 

intermediaries (commercial banks). 

 Next in this appendix we display (see Table A.3) and examine the results of 

the credit spread (CS) regressions in which the explanatory variables include the 

default risk measurement DD. These regressions are necessary for the decomposition 

of the credit spreads and the construction of the EBP.   

The difference between the three regressions, (columns (1)–(3)) is that 

regressions (2) and (3) include a Liquidity index and the third regression (column (3)) 

also includes the dummy variable d_Rank (equals 1 if the bond rated A and above, and 

0 otherwise). From the results documented in Table A.3 we find that the elasticity of 

the credit spread with respect to the DD in each of the four regressions including that 

of GZ are statistically similar and significant. In addition we see that a larger duration 

of the debt reduces these elasticities as shown in the significant positive coefficient of 

the interaction variable DD*ln(DUR). 

 
 

                                                           
93 We use the Wald test to examine whether the two estimates are significantly different. The sample period in the 
regression that includes the difference between the BBB-rated and the AA rated corporate bonds is shorter 
(2005:Q3–2011:Q3) with respect to the other regression. Utilizing the same sample period for regressions that 
have different indicators of credit spreads results in an insignificant difference in the adjusted R2.  
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Explanatory 
variable 

(1) (2) (3) (4) 
U.S  data 

       GZ (2012) 
-DD 0.095*** 

]11.8[ 
0.076*** 

]10.6[ 
0.066*** 

]7.37[ 
0.075*** 

[15.0] 

ln(PAR) -0.135*** 
]9.46[ 

0.088*** 
]5.35[ 

0.151*** 
]9.56[ 

0.171*** 
]9.5[ 

ln(AGE) -0.047***   
]4.64[ 

 

-0.042***  
]4.25[ 

 

-0.017*  
]1.66[ 

 

0.047*** 
[5.87] 

ln(DUR) -0.477*** 
]6.57[ 

-0.597*** 
]8.77[ 

-0.426*** 
]6.09[ 

0.106*** 
]5.88[ 

-DD*ln(DUR) 0.024***- 
]4.73[ 

0.021***- 
]4.39[ 

-0.017*** 
]3.60[ 

 

Liq index  0.382*** 
]27.5[ 

0.308*** 
]18.6[ 

 

d_Rank NO NO YES YES 

Adj.R2 0.481 0.571 0.379 0.649 

No. Obs. 8,752 8,750 8,750 346,126 

t-statistics are reported in brackets. *** Significant at the 1 percent level. ** 
Significant at 5 percent level. * Significant at 10 percent level.  

 
Table A.3. Credit Spreads (logs) and the Distance to Default  

(Panel Data fixed-effect) 

 

As for the effect of the Duration on the credit spread there are two possibly 

opposite effects. Higher Duration implies higher exposure to risk because of the 

uncertainty regarding the future, thus a positive effect of duration on credit spreads is 

likely to emerge, similar to the result in GZ (2012). But longer duration increases the 

probability of exiting from bad times and thus moderates the aforementioned positive 

effect of duration on the CS. This latter effect is captured by the estimate coefficient 

of the interaction DD*ln(DUR). Brodesky (2011), who utilizes similar Israeli data, got 

a negative effect of Duration on the credit spreads. 

Appendix B. Measuring the Probability of Default 93F

94 

For the decomposition of the credit spreads, and in line with GZ, we estimate the 

firm's probability of defaults using the distance to default (DD) framework developed 

                                                           
94 In this appendix we closely follow GZ in the derivation of the firms’ DD. 
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in Merton (1974). The derivation of the probability of default is based on the claim 

that the equity of firm, E, can be viewed as a call option on the underlying value of 

the firm, V, with a strike price equal to the value of the firm’s debt, D. 

The first assumption in this framework is that the value of the firm follows a 

geometric Brownian motion (see equation 4 in GZ), that is: 

VdwVdtdV VV ,                (B:1) 

where V is the unobservable value of the firm, V  represents the expected return on 

V;  V  is the volatility of the firm’s value, and dw is an increment of the standard 

Weiner process. We further assume that the firm has just issued a single discount 

bond in the amount D in T periods. 

According to Black-Scholes - Merton option-pricing framework, the value of 

the firm's equity is : 

][][ 21 KDeKVE rT                 (B:2) 

Where r is the risk free interest rate;  is the cumulative standard normal distribution 

function 
T

TrDVK
V

V )5.0()/ln( 2

1 ; and TKK V12 . 

Taking the forecasting horizon to be one year, i.e. T=1, we can use the 

monthly 1-year treasury yield for r. We estimate E  from historical daily stock 

returns using a 180-day moving window.94F

95 The debt is equal to the sum of the firm's 

current liabilities and one-half of its long-term liabilities.95F

96 Similar to GZ, we use the 

procedure of Bharath and Shumway (2008) to derive the initial value of V  from the 

following ))/(( DEDEv . 

                                                           
95 We take the observation of the last day in each month as the relevant monthly data. 
96 Moody's and others use the same assumption in constructing their expected default frequencies 
(EDF). This assumption comes from the fact that short-term debt requires a repayment relatively soon 
whereas long-term debt requires the firm to pay only the coupon payment. 
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Utilizing equation (B:2) and the derived V  enables us to compute the firm's 

monthly value V. With this new time series of V we calculate the implied monthly 

return dlnV and new estimates for V  and V . We then repeat this iteration again and 

again until convergence is accomplished.  

The resulting solutions of this framework allow us to calculate the firm’s 

"distance to default" in each month over a one-year horizon as follows: 

V

VVDVDD )5.0()/ln( 2

               (B:3) 

A default occurs when )5.0()/ln( 2
VVDV . The implied probability of default 

is given by )( DD . 

 

 

Appendix C. Liquidity in the credit spread equations 

Since the available liquidity in the capital markets may account for most of the price 

volatility in these markets, we incorporate three liquidity indices in our study: (i) 

taken from Amihud (2002) (denoted by Liq_stock_d); (ii) derived from the Bid-Ask 

data (denoted by Bid_ask_d); and (iii) based on the direct computation of price 

elasticity in the bond market (denoted by Elas_bond_d). The Liq_stock_d index 

represents the degree of liquidity in the stock market, and is derived from firm j stocks 

at month t by  

Liq_stock_dt  = 
tjN

i tjijit

jit

jt PVOL
R

N

,

1 1

1  

where Njt is the number of trading days in the stocks of firm j during month t; Rjit is 

the daily return on the stock of firm j on day i within month t; VOLjit is the trading 
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volume of shares of firm j on day i of month t; and Pji-1t is the closing stock price of 

firm j on day i-1 of month t. This index is smaller when liquidity increases.96F

97  

 
Explanatory 
variable 

(1) (2) (3) 

-DD 0.076*** 
]10.6[ 

0.074*** 
]9.81[ 

0.090*** 
]11.9[ 

    
Liq_stock_d 0.382*** 

]27.4[ 
 
 

 
 

Bid_ask_d  0.363*** 
]33.9[ 

 
 

Elas_bond_d   ***0.105 
]25.3[ 

 
Adj. R2 0.571 0.572 0.492 
No. Obs. 8,750 8,750 8,750 

Notes: The three regressions contain all the explanatory 
variables that appear in the regressions of Table A.3 but are 
not reported here. The t-statistics are reported in brackets. 
*** Significant at the 1 percent level. ** Significant at 5 
percent level. * Significant at 10 percent level. 
 

Table C.1. Credit Spreads (in log), Distance to Default  
     and Liquidity Indices 

We note that the relevancy of this index in measuring the liquidity position 

depends on the validity of the assumption that the degree of liquidity of firm j in the 

stock market is a good indicator of its liquidity position in the bond market. The Index 

Bid_ask_d represents the degree of liquidity as it transpires from the daily average 

spread between the bid and the ask values in the bond market for each firm j. The 

larger is this spread the less liquid the market is for the specific bond.97 F

98 

                                                           
97 For elaboration see Amihud (2002). 
98 For more details see Gamrasni (2011). 
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Figure C.1. Israeli Average Credit Spreads, Predicated Israeli Credit Spreads 
and the US GZ Credit Spreads 

 

Finally the Elas_bond_d liquidity index is derived from the inverse of (direct 

computation of) elasticity of firm j's outstanding bond balances with respect to its 

daily return.98 F

99 The larger this inverse elasticity index is (in absolute value) the less 

liquid the firm's bonds are. To normalize the liquidity indices we transformed each 

index to the "degree" of liquidity, which includes four possible levels, from the 

highest liquidity position (marked by the value 1) to the lowest liquidity position 

(marked by the value 4). We further assumed a uniform (flat) distribution such that 

each group of firms with degree of liquidity k, k=1,…,4, contains 25 percent of the 

sampled population. 

We now add the degree of liquidity indices to the regression of the credit 

spread and report the results in Table C.1. All the three estimate coefficients are of the 

right sign and of at least at 10 percent significant level. The estimate coefficients of 

                                                           

99 The inverse of the elasticity is calculated as follows 
b
r

b
r1  where r is the average daily 

return on the bond and b is the average outstanding balances. 
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DD remain intact, as did most of the other variables. Note that even if there is some 

endogeneity in these liquidity indices, it doesn't affect significantly the results. 

Figure C.1 displays the monthly average of daily credit spread data 

(percentage point) alongside the fitted values of the regressions that include the three 

liquidity indices, where each one appears separately in the sample period 2003:M1–

2011:M7. The Figure also includes the average credit spread of US data (GZ_SPR) 

that was taken from GZ (2012). Over most of the sample period the spread and the 

three fitted spreads are relatively small. They increase sharply in the wake of the 

financial crisis (mid–2008 until mid–2009). In this case there emerges a substantial 

gap between the actual credit spreads and the predicted (fitted) credit Spread. 

 

Figure C.2. The Excess Bond Premium for Israel and US Data   
 

All three fitted credit spreads are correlated with each other. As such, we focus 

on the predicted credit spread that uses the inverse elasticity as the liquidity index 

(Spread_fit_elasbond_d). Consistent with equation (4), and in line with GZ, we define 

the EBP by the difference between the actual credit spreads and the fitted values. 
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Figure C.2 displays two series of the monthly average of daily EBP, one for 

the Israeli data (denoted EBP_elasbond_d) and another for the US that is taken from 

GZ (2012) (denoted EBP_US). Similar to EBP_US, the EBP_elstbond_d increased 

significantly prior to or during cyclical downturns. In the 2008 recession, it starts to 

increase somewhat earlier—at the end of 2007 and the first half of 2008.99F

100 

Appendix D. Auxiliary Impulse Response functions 

In this appendix we present four auxiliary impulse responses to shocks that 

complement the analysis in section 7. In addition a summary statistics of variables 

that appear in the VAR estimation are displayed in Table D.1. 

 

Variable Mean SD Min P50 Max 

MER (pct.) 14.9 31.7 -55.3 14.2 84.3 
VIX  22.5 6.8 15.3 19.6 47.7 
sLLR 
PRL 

0.24 
0.072 

0.08 
0.016 

-0.03 
0.045 

0.25 
0.071 

0.42 
0.096 

gLLR 
LEV 
CAP 
COV 

0.008 
16.5 

11.56 
0.58 

0.013 
1 

1.33 
0.05 

-0.028 
14.8 

10.14 
0.46 

0.008 
16.4 

10.98 
0.59 

0.037 
19.1 

14.23 
0.70 

ROA 0.002 0.000 -0.001 0.002 0.003 
Credit_gr 0.009 0.016 -0.036 0.008 0.043 
SH 0.394 0.098 0.308 0.342 0.622 
Int_gap 0.033 0.009 0.015 0.032 0.056 

           Sample period: 2003:Q1–2011:Q3. 

Table D.1. Summary Statistics of variables in the VAR estimation 

Auxiliary impulse response functions  

D.1 An increase in the commercial bank’s exposure to risk as reflected by the gLLR 

The dynamics created by this shock are shown in Figure D.1. In this impulse response 

function, we design the VAR dynamics such that the specific loan loss provision sLLR 

will be orthogonal on impact to the shock, so that it will not counter the shock. The 

                                                           
100By construction, the EBP in the panel data and also the US data are uncorrelated with the fitted 
credit spreads. But in the time series dimension the average fitted credit spread and the average EBP 
have some correlation (as shown in the Figures 3 and 4) but this relationship is spurious. 
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stock market is represented by the MER, and as in all impulse response functions, it is 

also designed to be on-impact orthogonal to the shock. 

 

Figure D.1. Implications of a shock to gLLR on banks' conducts and on the EBP 

According to the estimation, the impulse responses to the positive shock to the 

gLLR are similar on impact to the responses that transpired following the shock to the 

sLLR (shown in Figure 3 in the text). It seems to suggest that similar to the effect of a 

shock to the sLLR, the unexpected increase of the gLLR is informative for the capital 

 



501133-L-bw-Barnea501133-L-bw-Barnea501133-L-bw-Barnea501133-L-bw-Barnea

164 
 

market participants, mainly through its effect on pricing in the bond market, where the 

only significant on-impact response transpires. 

 

Figure D.2. Implications of a shock to sLLR_INST on the EBP 

D.2 An increase in the commercial bank’s ratio of the sLLR to the PRL 

In this case we use the ratio of the sLLR to the PRL as an instrument variable for the 

sLLR, and utilize the standard 2SLS procedure. The impulse responses are shown in 
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Figure D.2, where it can be seen that the on-impact responses are qualitatively the 

same as in Figure 3. 

D.3 An increase in the commercial bank LLR (US data) 

Here we reproduce the GZ impulse responses to shock to the broker-dealer 

excess return and then replace this shock with the US banks’ data on LLR. However, 

because of the possible endogeneity of LLR, and since we have data on the US banks’ 

write-offs of loans, we can construct a forward guidance in the form of the recovery 

rate. This forward guidance can then be used as an instrument variable to identify the 

influence of US banks’ strategies on pricing in the capital market. We note that the 

recovery rate in the near future is unknown and its realizations can be used as shocks. 

See Gertler and Karadi (2014), who use this methodology in implementing VAR. 

We run an OLS regression of the LLR on the charge-offs and use the residual 

(LLR_REC) as an instrument in the following VAR. The results are shown in Figure 

D.3 where the on-impact impulse response of the EBP is similar to what we found 

using Israeli bank data (Figure 3).    
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Figure D.3. Implications of a shock to US data LLR on the EBP 

D.4 An increase of the interest income margin, Int_Gap 

With this shock we study the reactions of commercial banks and the EBP to an 

increase in the Int_Gap between the bank lending rate and the monetary policy rate 

(which is a good proxy for the interest income margin). This shock may reflect higher 

market power of commercial banks. The impulse response functions are shown in 

Figure D.4. 

A comparison of the on-impact responses here to the responses to a shock to 

the COV shown in Figure 5 supports the hypothesis that the two shocks qualitatively 

generate the same responses and probably originated in the same type of shock. We 

argue that the original shock could very well be a shock to the market power of the 

banks in Israel. 
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D.4. Implications of a shock to Int_Gap on banks' conducts and on the EBP 
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CONCLUDING REMARKS 

Several main findings are brought up in this study. In the first chapter we consider the 

model that identifies how, and what circumstances monetary policy tools can be used 

to achieve financial stability and vice versa. According to the transmission mechanism 

derived in that section, when the Central Bank interest rate reaches the zero bound, 

the monetary authority can affect the market rate (including bank lending rate) by 

adjusting the capital requirement ratio. In the second chapter, we find that credible 

commitment produces a negative association of the real interest rate with inflation 

expectations along the stable saddle path. We analytically establish in chapter three 

that dynamics exist which that emanate from the wedge between the actual financial 

capital ratio of a bank and its steady state position. In the last chapter, we use VAR 

estimation and find that a positive shock to the bank’s capital ratio on impact causes a 

rise in the excess bond premium. A positive shock to the specific loan loss reserves 

does as well, and similarly a positive shock to the bank’s coverage ratio that 

positively affects the required bond premium. We then conclude that the excess bond 

premium is not only a leading indicator for the real business cycles, but also a channel 

through which the banking sector affects these cycles.   
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Samenvatting 

 

Mijn proefschrift bestaat uit vier hoofdstukken : ( i ) Monetair beleid en financiële 

stabiliteit in een bancaire economie : transmissiemechanisme en beleidsmatige 

afwegingen ; ( ii ) Reflecties op het falen van het Taylor-principe onder commitment; 

( iii ) De dynamiek van de  kapitaalaccumulatie door banken; ( iv ) strategieën van 

banken en kredietmarges als leidende indicatoren voor de reële 

conjunctuurfluctuaties. De belangrijkste kwesties die worden onderzocht in deze 

hoofdstukken hebben direct of indirect betrekking  op het transmissiemechanisme van 

het monetaire beleid, dat hernieuwde aandacht heeft gekregen zowel in de 

economische literatuur als van  centrale banken na de wereldwijde financiële crisis 

van 2008. Deze crisis heeft aangetoond dat monetair beleid en financiële stabiliteit 

beleid nauwer met elkaar verbonden zijn dan voorheen werd gedacht.  

 

Het eerste hoofdstuk analyseert de interacties tussen deze beleidsterreinen met behulp 

van een niet-lineair algemeen evenwichtsmodel met overlappende generaties en 

financiële fricties in de vorm van bancaire financiële intermediatie. Het hoofdstuk 

bevat negatieve externaliteiten als gevolg van besmettingseffecten in fysieke 

investeringen, die de noodzaak creëeren  voor financiee stabiliteitsbeleid. In dit 

hoofdstuk wordt aangetoond dat de transmissie van het monetaire beleid  afhankelijk 

is van zowel de instrumenten voor financieel stabiliteitsbeleid  als de regelgevende en 

institutionele beperkingen. Beleidsafwegingen uiten zich in een poging om de 

doelstellingen voor zowel het monetaire beleid als voor de  financiële stabiliteit te 

bereiken. Het hoofdstuk laat expliciet het modelleren van de zero-lower-bound en 

onconventioneel monetair beleid toe, en maakt het daarmee mogelijk hun effecten op 
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het transmissiemechanisme te bestuderen. Volgens het transmissiemechanisme dat 

hieruit wordt afgeleid kan de centrale bank, indien rente de zero-lower-bound heeft 

bereikt, de marktrente (inclusief de rente die door banken in rekening wordt gebracht) 

beïnvloeden door aanpassing van de kapitaalvereisten 

 

Het tweede hoofdstuk gaat over het falen van het Taylor-principe in een omgeving 

met  een commitment-regime. In een transmissiemechanisme  onder optimaal 

monetair beleid van, dat is herleid van het Taylor principe, moet de nominale rente 

optimaal  met meer dan de verwachte inflatieschok worden verhoogd (verlaagd) om 

de monetaire beleidsdoelstellingen voor inflatie en de output gap doelstellingen te 

kunnen bereiken.  

Dit hoofdstuk laat zien dat niet aan  het Taylor-principe voldaan hoeft te zijn onder 

een optimaal beleid als de monetaire autoriteit onder een regime van commitment (in 

plaats van discretie) opereert. Geloofwaardig commitment met een optimale 

monetaire beleidsregel laat een minder krachtige optimale reactie van de centrale 

bank op een aanbodschok toe en maakt  lage inflatie in de toekomst. Geloofwaardig 

commitment  levert een negatieve associatie tussen de reële rente en 

inflatieverwachtingen langs een stabiel zadelpad. 

 

Het derde hoofdstuk construeert een dynamisch neoklassiek model met bankkapitaal 

(zonder wettelijke kapitaalvereisten), waarbij de dynamiek wordt aangestuurd door de 

ingehouden winsten van de bank en het gerealiseerde kredietrisico. Dit hoofdstuk 

bestudeert de evolutie van de winst-maximaliserende kapitaalratio van banken en hoe 

deze reageert op exogene schokken, met name in tijden van langdurige neergang van 

de economie. Het modelleren van financiële fricties in dit hoofdstuk wordt verrijkt 
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door expliciet  kenmerken te introduceren die inherent zijn aan de banksector, zoals 

marktdisciplin, adverse selection, moral hazard, monitoring en imperfecte 

concurrentie. Het bancaire model dat we introduceren in dit hoofdstuk kan worden 

geïntegreerd in het transmissiemechanisme dat onderdeel  Is van een dynamisch 

stochastisch algemeen evenwichtsmodel ( DSGE ) om de effecten van financiële 

fricties op de economie vast te leggen, hetgeen past in de recente ontwikkeling van de 

literatuur (zie Curdia en Woodford 2011) . 

 

Het laatste hoofdstuk gaat over de invloed van de strategieën van banken op de 

prijsstelling van obligaties op de kapitaalmarkten. In navolging van Gilchrist en 

Zakrajšek (2012) laat het zien dat de renteverschillen op de kapitaalmarkt- het 

transmissiemechanisme van de kapitaalmarkt - kan worden ontleed in een component 

die de kans op wanbetaling door de emittent weerspiegelt en een restterm die wordt  

aangeduid als de "Excess Bond Premium" (EBP). De laatste lijkt een leidende 

indicator te zijn van de reële conjunctuurfluctuaties. De belangrijkste bevinding is dat 

de dynamiek van de EBP in deel de invloed weerspiegelt van de strategieën van 

commerciële banken voor de prijsstelling van bedrijfsobligaties. Daarom vinden we 

dat een positieve schok op de kapitaalratio van banken een stijging van het EBP 

veroorzaakt. Op een vergelijkbare manier genereert een positieve schok op de 

specifieke kredietvoorzieningen reserves hetzelfde effect.Tenslotte heeft een positieve 

schok op de dekkingsgraad van de bank een positief effect op de vereiste 

obligatiepremie, hetgeen weerspiegeld wordt in een hogere EBP. Deze bevindingen 

komen overeen met de notie dat een stijging van de EBP een weerspiegeling is  van 

een maatregel door de banken die kan leiden tot een verdere neergang in de economie. 


