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Abstract

We develop a theoretical framework that extends the Bernanke and Blinder (1988) model to
incorporate imperfect substitution between internal and external finance of firms in order to
study the operation of both the bank lending and the balance sheet channels of monetary
transmission in the US. Our model is used to quantify the financial accelerator effects due to
the operation of these channels. Empirically, we employ multivariate cointegration techniques
to identify the equilibrium relationships included in our model, and we provide evidence that
only the balance sheet channel is operational for the period before and after the global financial
crisis.
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1. Introduction

In the traditional “money” view of monetary transmission, exemplified by the simple IS-
LM model, monetary policy operates through the liabilities side of bank balance sheets.
Through the reserves market or through the supply and demand for money more broadly,
monetary transmission through the primary mechanism, which is the interest rate channel,
focuses on influencing the real rate of interest and the user cost of capital and, subsequently,
firm investment and consumption of durables (Kuttner and Mosser, 2002). The standard
interest rate channel, however, fell short of explaining the apparent strength of monetary policy
effects on the economy. Thus research moved toward the “credit” view of monetary
transmission that builds on the assumption of incomplete markets characterized by imperfect

information.

There are two independent channels of monetary transmission that arise as a result of
information problems in credit markets (Mishkin, 1995): the bank lending channel and the
balance sheet channel, both of which are conduits of the credit channel for monetary
transmission. In the case of the bank lending channel, monetary policy is assumed to influence
the supply side of the loan market and, given the imperfect substitutability between loans and
bonds caused by imperfect information problems, it produces an enhanced effect on aggregate
demand and output in the economy. On the other hand, in the case of the balance sheet channel,
monetary policy influences the demand side of the loan market by influencing net worth of
borrowers that in turn influences demand for loans, given the imperfect substitutability between
loans (external finance) and retained earnings (internal finance). Again, through the balance
channel, the initial effects of monetary policy on aggregate economic activity are reinforced —
under the so-called financial accelerator mechanism (see e.g., Bernanke and Gertler, 1995;
Bernanke et al., 1996, 1999; Gertler and Kiyotaki, 2010).

Empirical work to examine the strength of the bank lending and the balance sheet channels
looks at various aspects of the workings of these channels; a review of this work is given in
Section 2. The findings of this literature confirm that the lending channel is unlikely to be
operative in the US, although this channel may still be important for economies that remain

relatively more bank-dependent (Bernanke, 2007). In contrast, there is widespread belief that



the balance sheet channel is operative. Nevertheless, our review of Section 2 shows that
empirical work on this channel is rather limited in scope, is not generally based on a structural
equations model but uses proxies for balance sheet strength in the context of single equation
models, and does not attempt any comparison between the two channels. This is not surprising:
Bernanke and Gertler (1995) point out to the difficulty in identifying the independent effects
by noting that “it is extremely difficult to carry out an empirical test that would conclusively
separate the bank lending channel from the balance sheet channel. For this reason, we are more
confident in the existence of a credit channel in general than we are in our ability to distinguish

sharply between the two mechanisms of the credit channel” (Bernanke and Gertler, 1995, p.42).

In our study we aim to capture both loan demand and supply effects so as to address the
identification issue and to examine the operation of the two channels simultaneously. Bernanke
and Blinder (1988) provide the necessary theoretical background for our methodological
approach — they examine only the operation of the bank lending channel. Here we develop a
theoretical framework that is based on the Bernanke and Blinder model, extended to
incorporate imperfect substitution between internal and external finance of firms, and thus
allowing us to assess both the bank lending and balance sheet channels. Imperfect substitution
implies that firms are facing a cost differential when raising finance from different sources and

thus make their financial decisions on the basis of their relative financial structure.

The paper seeks to give an answer to a number of interesting questions. What are the
conditions for the non-operation of the bank lending and/or the balance sheet channel? Are the
basic transmission channels of monetary policy — bank lending, balance sheet and interest rate
channels — operational before and after the financial crisis of 2007-2008 in the US? How can
we assess the possible magnifying effects of the components of the credit channel after a
monetary shift? The findings of this study indeed help us to attain an appreciation of how the

operation of the transmission channels that we analyze has affected the potency of monetary
policy.
The operation of the bank lending and balance sheet channels in the US is investigated

empirically by applying the Johansen multivariate analysis to the model we develop

theoretically. In particular, we identify the relationships included in this model as equilibrium



relationships (cointegrating vectors) from a vector error correction (VEC) model by using the
methodology developed by Pesaran and Shin (2002) and test appropriate restrictions on
estimated cointegrating vectors that pertain to the existence of the bank lending and balance
sheet channels. Our analysis shows that if we identify three cointegrating vectors, the bank
lending and balance sheet channels will be operative (in addition to the interest rate channel).
If two cointegrating vectors are found, this signifies the operation of the balance sheet channel
only. Finally, if we find only one cointegration relationship, then none of the two sub-channels
of the credit channel is in operation.

Based on our empirical analysis, a structural breakpoint is detected in the fourth quarter of
2008 that coincides with the spread of the US financial crisis around the world. The results of
the Johansen test reveal that only two cointegrating vectors are identified in both sub-periods.
Thus, it appears that only the interest rate and the balance sheet channels are operational in the
whole sample period in the US. There is no evidence for the operation of the bank lending
channel in both sub-periods, as we accept the hypothesis that there is perfect asset
substitutability for borrowers and banks. This could be justified because of the stronger
relationships between banking institutions and financial markets in the last decades, which
involved firm funding through alternative financial instruments and reduced credit supply
effects after a monetary policy shift. Also, the significant support to the banking system through
equity injections, debt guarantees and new loans by the US government at the end of 2008,
contributed to limiting the adverse effects of monetary shocks during the crisis period.

Our paper contributes to the existing literature on both components of the credit channel
for monetary transmission in a number of respects. First, it sets up a theoretical model
extending the Bernanke and Blinder (1988) model to incorporate imperfect substitution
between firms’ internal and external finance. This permits us to test under what conditions the
bank lending and the balance sheet channel operate in monetary transmission. The
methodology we follow is to specify a vector error correction model, derive the cointegrating
relationships according to this model, and test a number of restrictions that are necessary for
the existence of perfect/imperfect asset substitutability. Second, in the context of our model,

we derive analytically the amplifying effect of monetary policy shifts through the operation of



the bank lending and the balance sheet channels. The effect of monetary policy on total output
is greater when the three transmission channels are in operation simultaneously, relative to the
case where the interest rate and the balance sheet channel or only the interest rate channel are
operational. Third, the study allows us to examine empirically if the structural changes
observed in the financial markets over the last thirty years, the financial deregulation in the
banking system and the unconventional monetary policy measures that were applied during the
recent global financial crisis have limited the operation of the two components of the credit

channel.

The rest of this paper is organized as follows. Section 2 provides a detailed overview of
the operation of the bank lending and the balance sheet channels and reviews the existing
relevant literature. Section 3 develops the theoretical model which is used to examine the
operation of the above two transmission channels and their amplifying effect on monetary
policy. Section 4 reformulates the theoretical model in a suitable form for empirical testing,
displays the empirical approach, describes the data and presents the empirical results. Section

5 summarizes the main findings and offers concluding remarks.
2. The literature on the credit channel

The interest rate channel is the basic channel for the transmission of monetary policy.
Monetary policy actions that cause changes in short-term interest rates imply a variation in the
cost of capital (or user cost of capital), which in turn leads to changes in firms’ investment and
in consumers’ durable expenditure and finally on aggregate output. However, monetary policy
actions may also affect the cost of capital through the operation of the credit channel (Bernanke
and Gertler, 1995). The credit channel operates complementary to the interest rate channel and
its operation contributes to the amplification of monetary policy effects. Indeed, the basic idea
of the operation of the credit channel is that information asymmetries between borrowers and
lenders in the economy, which arise because of the presence of financial frictions, enhance the

impact of shifts in monetary policy on interest rates.



The credit channel consists of two independent channels, the bank lending channel and the
balance sheet channel®. The bank lending channel emphasizes changes in the supply of loans
after a change in monetary policy. On the other hand, the balance sheet channel underlines the
consequences of monetary policy changes for borrowers’ balance sheets. A prerequisite for the
bank lending channel is the imperfect substitution between loans and bonds for borrowers
and/or banks, while for the balance sheet channel the imperfect substitution between internal

and external financing for borrowers, due to the existence of incomplete financial markets.
2.1 Overview of the bank lending channel

Monetary policy can have significant effects on the real economy that are being transmitted
not only via the interest rate channel but also via the operation of the bank lending channel. In
fact, it has been suggested (Bernanke and Blinder, 1988) that the effect of monetary policy on
aggregate demand through interest rates can be enhanced by conditions of asymmetric
information in financial markets and the existence of imperfect substitutability between loans
and bonds as a means of borrowing for firms and also in bank portfolios. Bernanke and Blinder
(1988) develop a short-run equilibrium model which is practically the only structural model
available and the benchmark model as regards the assessment of the bank lending channel.
Their model departs from the 1S-LM framework by taking into account the loan market. A key
result of this model is that the existence of imperfect substitutability between bank loans and
bonds provides another transmission channel of monetary policy, the operation of which
enhances the monetary policy effect on the economy. Thus a contractionary monetary policy
reduces bank deposits, which in turn implies a reduction in aggregate loan supply. Given the
imperfect substitutability between bank loans and bonds for borrowers and/or banks, the
operation of the bank lending channel strengthens the interest rate induced effect of monetary
policy on the real economy. The bank lending channel does not operate when both loan demand

and loan supply are perfectly elastic with respect to the loan rate and output demand is not

! The bank lending channel is also called narrow credit channel (e.g., Kashyap et al., 1993)) and the balance sheet
channel is labeled as broad credit channel (e.g., Gertler and Gilchrist, 1993). A variant of the balance sheet
channel is the cash flow channel operating through the effect of monetary policy on cash flow and firms’ balance
sheet (see Boivin et al., 2010).



responsive to changes in the loan rate. Both conditions imply that Modigliani and Miller’s

“financial irrelevance” applies to borrowers.

To test for the existence of a bank lending channel, Bernanke and Blinder (1992) apply
VAR analysis to US data to examine impulse responses of bank loans, deposits, securities and
unemployment following a contractionary monetary policy. Their empirical analysis shows
that bank loans decline over a relatively long period of time in response to monetary policy
tightening. However, the decline could reflect a reduction in loans demanded as the economy
slows down following the tighter monetary policy, rather than the contraction of loans supplied

by banks, since loans responded with the same lag as unemployment to the policy shock.

It is important to determine the different effects that movements in loan demand and loan
supply exert on the quantity of bank loans and on aggregate demand. There are different
methodological approaches to solve the identification problem. Brissimis and Magginas (2005)
directly assess the Bernanke and Blinder model. The authors use time series data and
multivariate cointegration techniques in order to identify the equilibrium relationships included
in the Bernanke-Blinder model and test appropriate restrictions that pertain to the existence of
perfect asset substitutability. They observe that, as the modern financial system tends, more
and more, to a market-based structure, the role of the bank lending channel, regarding the
transmission of monetary policy, is weakened. Their empirical results show that the bank

lending channel is inoperative in the US during the 80s and the 90s.

Furthermore, Brissimis and Delis (2009) use panel data to overcome the identification
problem and adopt the assumption of a competitive market for loans and that individual banks
can be considered as price takers for a given time period. This approach allows the direct
estimation of the loan supply function. The operation of the bank lending channel is strongly
rejected for the US and the period 1996 to 2003.

The bulk of empirical studies on the bank lending channel used panel data to solve the
identification problem of the lending channel, i.e. distinguishing between shifts in loan demand
and shifts in loan supply. These studies tested for loan supply shifts through estimation of
reduced form equations that examine the relationship between bank lending, a monetary policy

variable and bank characteristics. Their strategy relies on the hypothesis that bank



characteristics influence only loan supply movements, while loan demand is independent of
these characteristics. Thus, when heterogeneity in bank characteristics is present, loan supply

shifts can be traced.

Using bank balance sheet data, Kashyap and Stein (2000) propose size and liquidity to be
the relevant bank-specific characteristics for the above identification strategy. They
demonstrate that US smaller-sized banks and those that hold less liquid assets are forced to
restrict lending during periods of monetary tightening, since raising external finance becomes
more difficult. Nevertheless, they conclude that the operation of the bank lending channel
concerns that part of the banking system that is responsible only for a small share of total bank
lending in the US. Campello (2002) shows that small-sized banks can respond to a change in
monetary policy, without reducing their debt, as long as they are part of a large banking network
that can provide them with additional funding through internal capital markets. Kishan and
Opiela (2000) find that banks with higher capitalization, and therefore less leverage, respond
more effectively in safeguarding their ability to supply loans in case monetary policy makes
financing harder. Ashcraft (2006) shows that the existence of internal capital markets in bank-
holding companies limits the negative effects of a reduction in the available bank credit caused
by a monetary contraction. This in turn limits the operation of the bank lending channel.
Cetorelli and Goldberg (2012) report that banks running global operations are insulated from
changes in monetary policy, while banks without global operations are more affected by
monetary policy than previously found. Finally, Brissimis et al. (2014) find that bank market
power is the main bank characteristic reducing the potency of the bank lending channel,
compared with other bank characteristics, although their empirical results suggest that the

potency of the lending channel has increased since 2007.

Indeed, with the 2007-2009 financial crisis and the launching of Quantitative Easing (QE),
the role of the supply of credit and thus of the bank lending channel might have been expected

to become more important.

Several studies present evidence, sometimes indirect, for a lending channel during the
recent financial crisis. Campello et al. (2010) derive a survey-based measure of financial

constraint during the global financial crisis of 2008 and find that the inability of many firms to



borrow externally caused them to rein in many of their investment projects. Carvalho et al.
(2015) study the transmission of bank distress to non-financial firms in a large number of
countries during the 2007-2009 financial crisis and find that bank distress is associated with
investment cuts to borrower firms with the strongest lending relationships with banks.
Chodorow-Reich (2014) investigates the effects of bank lending frictions on employment
outcomes in a large sample of non-financial firms during the 2008-2009 crisis. Using the
dispersion in lender health as an index of the availability of credit to borrowers, he reports that
firms that had pre-crisis relationships with less healthy lenders paid a higher interest rate if they
borrowed during the crisis, and reduced employment by more compared to the pre-crisis
borrowers from healthier lenders. The empirical analysis shows that lender health had a
significant effect on employment of small and medium firms, but no effect on the largest firms.
Edgerton (2012) finds that lenders’ distress during the financial crisis of 2008 affected
significantly firm-level investment outcomes after the crisis, accounting for about one-third of
the total decline in financing in the sample of small businesses that he used. lvashina and
Scharfstein (2010) show that stresses on bank liquidity in 2008 led them to cut lending, and
this reduction was greater for banks that were more vulnerable to credit-line drawdowns after

the failure of Lehman Brothers and smaller for banks that had better access to deposit financing.

However, evidence from other research casts doubt on the importance of the bank lending
channel in the crisis period. Kahle and Stulz (2013) question the significance of the causal link
between corporate credit supply and capital expenditures since, inter alia, bank dependent firms
hoarded cash during the crisis compared with unlevered firms, and also the average cumulative
decrease in net equity issuance from the start of the crisis through to the first quarter of 2009
was more than twice the average decrease in net debt issuance. Campello et al. (2011) using a
large dataset show that credit lines eased the impact on corporate spending during the 2008-
2011 financial crisis; they find that credit lines were associated with greater spending when
companies were not constrained in their operation by a lack of internal finance. Also, De Fiore
and Uhlig (2015) present a DSGE model in which firms optimally choose among alternative
instruments of external finance. In this way, they explain the observed shift from bank finance
to bond finance during the financial crisis of 2008-2009 when the cost of market debt rose

above the cost of bank loans.
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The Great Recession of 2007-2009 has led the Fed to conduct unconventional monetary
policy aiming to reduce long-term yields given the zero lower bound on short-term rates, boost
lending, and stimulate economic activity. The most prominent tool used in this respect was the
purchase of financial assets, such as Treasury securities or mortgage-backed securities (MBS),
known as quantitative easing. The recent literature on the impact of quantitative easing is
sparse. Some academics or policy makers think that QE helped the post-crisis recovery, which
would have been slower without it. Others think that QE might have been by and large

ineffective.

Chakraborty et al. (2019) using micro-level data examine the effects through the bank
lending channel of the three rounds of QE (QE1, QE2, QE3) and of the Maturity Extension
Program (MEP), consisting of purchases by the Fed made in response to maturing securities so
that the size of its balance sheet would be maintained. The authors find that banks which
benefited from MBS purchases (in the context of QE1 and QE3) increased mortgage lending
but at the expense of commercial and industrial lending, which was reduced for firms that
borrowed from those banks, and the consequence of which was a decrease in investment. The
effect of purchases of Treasury securities (in the period through QE2 and the MEP) is found to
be insignificant in most cases. Other recent studies reach similar conclusions, complementing
the above findings. Thus, Rodnyansky and Darmouni (2017) report a strong impact on lending
by the third round of quantitative easing (QE3), and a significant impact by QE1, though
smaller than that of QE3; QE2 had no significant impact, consistent with the relatively small
holdings of Treasuries by banks. Di Maggio et al. (2016) examining the effect of
unconventional monetary policy on mortgage lending, find that financial institutions originated
more mortgages of the type that were eligible for purchase by the Fed, which led to additional
mortgage refinancing and consumption. There is also evidence (Foley-Fisher et al., 2016) that
some firms, because of their capital structure, may have obtained advantageous financing due
to QE.

2.2 Overview of the balance sheet channel

Information asymmetries between borrowers and lenders are also underlying the imperfect

substitution between internal and external finance of firms, which is an additional source of
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increased impact of monetary policy on the economy through the operation of the balance sheet
channel. Because of the existence of these asymmetries, it may be difficult for firms to gain
access to external sources of finance. In order to overcome financial constraints, firms are
obliged to rely on their own funds to self-finance investment. In this case, firms’ investment
decisions will be determined not only by the net present value of investment projects but also

by the level of their available internal funds (balance sheet conditions).

The higher these asymmetries are, the lower the substitution between internal and external
funds becomes and the larger the wedge between the cost of these two financing options. In
turn, the larger this wedge is, the higher are the financial constraints that firms will have to face
in realizing their investment plans. The wedge between the cost of capital raised from external
sources, i.e. equity, bond or debt markets, and the cost of capital raised internally by retaining
earnings, also known as the external finance premium (Bernanke and Gertler (1995)), is of

critical importance for the operation of the balance sheet channel.

In this respect, after a monetary policy shock, firms with lower internal funds (net worth)
face higher credit constraints and larger financing costs, and are obliged to reduce more their
investment projects over the business cycle, implying overall additional negative effects on
aggregate economic activity. This amplification is referred to as the financial accelerator?
(Bernanke et al. (1996)).

Two main assumptions provide the basis for the financial accelerator (Bernanke et al.
(1996)). First, the cost of internal finance is lower than the cost of external finance, and second,
there is a negative relationship between the firm’s net worth and the external finance premium,
due to the existence of capital market imperfections. Because there is a cost for lenders to
overcome these imperfections, this cost will be passed on to borrowers. For this reason it is
assumed that the cost of external finance is always greater than the cost of internal finance. The

2 The terms balance sheet channel and financial accelerator describe identical mechanisms when a monetary shock
occurs; both mechanisms contribute to the enhancement and propagation of this shock, through the borrowers’
balance sheet conditions. The first term was introduced by Bernanke and Gertler (1995) and the second by
Bernanke et al. (1996). Note that the starting point for the financial accelerator effect could also be a technology
shock, a productivity shock, a banking crisis shock, a shock in the labor market, or a government shock, among
others.

12



higher the dependence on external financing is, the stronger the effects from the operation of
the balance sheet channel are. A reduction in capital market imperfections decreases the wedge
between the cost of internal and external funds, as the information asymmetries between

borrowers and lenders become less severe.®

The imperfect substitution between the borrower’s internal and external funds is the main
impulse and the sine qua non for the operation of the balance sheet channel. This channel,
which operates complementary to the interest rate channel, plays a distinct and crucial role in
the implementation of monetary policy. The operation of the balance sheet channel can be
illustrated as follows. An increase in the short-term interest rate, after a contractionary
monetary policy, implies not only a decrease in the demand for capital, but also a decrease in
equity prices and net worth. Furthermore, borrowers’ asset prices decline and this causes a
reduction in the value of collateral that they can use in order to increase their financing.

As a result, loan supply declines due to the amplification of adverse selection and moral
hazard problems, and consequently investment and aggregate demand also decrease (Mishkin
(1995)).* Under these circumstances, borrowers lack adequate capital and the required
collateral that they could use in order to increase their external financing. Thus, they will have
to pay a higher external financing cost to lenders so as to raise the external funds that are
necessary for the implementation of their investment projects in the event their internal funds
are insufficient. This rise in the external finance premium is caused by the asymmetric
information that increases the risk which creditors undertake. Thus, a negative relation between
borrowers’ balance sheets and the external finance premium, which influences investment

spending, is observed.

3 Many researchers, among them, Bernanke and Gertler (1989), Gertler (1992), Greenwald and Stiglitz (1993),
Kiyotaki and Moore (1997), Schiantarelli (1996), Almeida and Campello (2007), Agca and Mozumdar (2008)
and Guariglia (2008), have examined the effects of these imperfections — through changes in the external finance
premium — on business investment policy.

4 The consequences on aggregate economic activity will be more serious after a tightening of monetary policy for
borrowers whose investment depends, to a great extent, on bank credit. According to Bernanke (1993), this may
restrict their access to bank loans or raise the cost of bank credit, which in turn will reduce their investment
expenditure to a greater extent.
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However, there is a problem of definition concerning the external finance premium, which
has not been highlighted in the literature thus far. In particular, most studies consider the above
premium as the difference between the cost of external finance and the opportunity cost® of
internal finance, which is not the same as the cost of internal finance. To address this issue, in
this paper the return on retained earnings to firm owners is used in order to specify the cost of
internal finance. In this respect, Brissimis and Papafilis (2021) have shown that the basic
assumption that the cost of external finance is always greater than the cost of internal finance
is not valid. Thus, the term “cost differential” rather than “external finance premium” describes

better the relation between external and internal finance.

As regards the empirical investigation of the balance sheet channel, Bernanke et al. (1996)
point out the difficulties of incorporating a financial accelerator mechanism in a fully
articulated model of the business cycle, as certain factors would complicate the calculation of
the equilibrium in such a model. This prevented researchers from developing theoretical
frameworks that are both tractable and able to fit well the data. However, a number of studies
have developed DSGE models that feature a financial accelerator, although in a relatively

stylized way.

Most work in this field of research aims to capture and describe the financial accelerator
mechanism on the basis of the external finance premium. Bernanke and Gertler (1989) were
the first to develop a neoclassical model of the business cycle in order to capture the financial
accelerator effect. In their model, the external finance premium creates a link between
borrowers’ balance sheet conditions (net worth) and real variables (investment, output). An
exogenous productivity shock weakens borrowers’ balance sheets and amplifies the need for
external financing due to the reduction of internal cash flows. This in turn increases the external
finance premium and reduces more the level of investment demand. The initial shock is
strengthened because lower investment contributes to lower cash flows and lower economic
growth in the following periods. Bernanke and Gertler (1989) also provide evidence that the

financial accelerator effect is stronger for borrowers with lower net worth (cash flows).

5See, e.g., Bernanke and Gertler (1995); Serven and Solimano (1992); Bernanke et al. (1999); Gertler and Kiyotaki
(2010).
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Bernanke et al. (1999), in a more structural approach, develop a dynamic general
equilibrium model of a closed economy with non-flexible prices, in order to capture the
financial accelerator effect. Their model allows the specification of the interaction between the
financial conditions of a firm and its investment behavior after a shock, by including the
external finance premium. Procyclical variations in the firm's net worth will cause
countercyclical changes in the external finance premium over the business cycle. The authors
show empirically that those entrepreneurs with a higher level of financial constraints (i.e. a
higher external finance premium) present higher investment sensitivity after a monetary policy
shock, while the magnitude, persistence and diffusion of this shock to the real economy will be

greater.

There are alternative approaches that are not based on the external finance premium to
describe the financial accelerator mechanism. Greenwald and Stiglitz (1993) develop a general
equilibrium macroeconomic model and show that the financial accelerator effect arises due to
the existence of information asymmetries in equity and in the behavior of the firm’s
management, which is risk averse because of personal interests. Moreover, Kiyotaki and Moore
(1997) build a general equilibrium model in which changes in net worth are caused not only

by changes in borrowers’ cash flow, but also by changes in asset prices.

As noted by Bernanke et al. (1996), an indication of the operation of the financial
accelerator is a greater reduction of available credit for those borrowers who face higher agency
costs, when a monetary policy shock occurs — firms with lower net worth bear a higher cost of
external financing relative to those firms whose access to credit markets continues in a steady
way. Therefore, the former are obliged to reduce their investment spending earlier and more
sharply when there is an economic recession, as they experience reduced access to credit from
lenders who exhibit a “flight to quality”. This in turn amplifies the consequences of a monetary
shock. However, Bernanke et al. (1996) claim that by using aggregate data, it is not possible to
specify the timing relationships between aggregate output and aggregate credit, and distinguish

the financial accelerator theory from alternative approaches.

Empirical studies exploring disaggregated data have been more successful in assessing the

operation of the balance sheet channel. There are several econometric approaches that have

15



been applied in this respect. They all test the importance of the borrowers’ financial constraints
for investment in the model derived under conditions of perfect capital markets (Schiantarelli,
1996); they encompass the neoclassical model, the accelerator model, the Tobin’s Q model and
the Euler equation model. In these models, different variables are added in the investment
equation as proxies for firms' internal funds (cash flow, coverage ratio, net worth, stock of
liquid assets or total debt as a fraction of total assets) and their significance is tested for

borrowers’ investment.

In the neoclassical model (Fazzari et al., 1988) the optimal level of investment is specified
as a function of the user cost of capital, output and cash flow. Also, the accelerator model (Abel
and Blanchard, 1988) links the demand for capital goods to the level or change in a firm’s
output or sales, and proxies for internal finance. A weakness of the model is that it does not
take into consideration any price variable in the empirical specification.

Two alternative models, based on the assumption that the real user cost of capital does not
change, are Tobin’s Q and the Euler equation. The Tobin’s Q model (Tobin, 1969), frequently
encountered in the empirical literature, does not include the user cost of capital but the value
of the firm’s assets.® It also uses a number of different variables (e.g. cash flow and liquid
assets), which capture the firm's potential to expand investment based on its own funds, in order
to estimate the effects of financial constraints (Fazzari et al. (1988); Devereux and Schiantarelli
(1990); Gertler and Hubbard (1988), among others). If these variables are found to have
significant effects on investment, this will provide evidence for the operation of the balance

sheet channel.

The standard Euler equation model (Gilchrist (1990); Hubbard and Kashyap (1992);
Whited (1992); Hubbard et al. (1995), among others.) is preferred to the Tobin’s Q model when
there is no information about firms in the stock markets or there is insufficient data to construct
the Q variable. The Euler equation is derived from the firm’s value maximization problem. As

in the Q model, a variable is included as a proxy for borrower's financial conditions.

& This variable is defined as the ratio of the firm’s total value to the replacement cost of its total capital stock
(average Tobin’s Q).
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Undoubtedly, the financial variable most used in investment equations to test the
importance of the borrowers’ financial constraints has been cash flow, which measures the
capacity of firms to finance investment with their own funds. Many studies using panel data
document a strong association between firm cash flow and investment. The basic hypothesis
about the sensitivity of investment to cash flow is that this sensitivity is higher for those firms
that are subject to credit constraints. The research strategy followed has been to estimate
investment equations for different groups of firms sorted according to a priori criteria, notably
size, which seek to identify financially constrained firms. The seminal work in this very large
literature is Fazzari et al. (1988). Although financial imperfections play an important role in
the link between cash flow and investment, other factors, such as the correlation of the cash
flow with future profitability, could lead to such linkages. Studies using various techniques to
control for such factors confirmed the relevance of imperfections (Claessens and Kose, 2017).
Firms with relevant asymmetric information problems will face high external financing costs

or constraints on the amount of credit obtained.

The balance sheets of firms deteriorated during the Great Recession, although not as
severely as those of households. Cross-sectional studies show that firms with initially weaker
balance sheets (in terms of higher leverage, lower internal cash or less collateral), or smaller or
younger firms, have been more sensitive to deteriorating financial conditions. Giroux and
Mueller (2017) find that during the Great Recession high-leveraged firms reduced employment
significantly more than other firms did in response to a decline in household demand. They
conclude that firms’ balance sheets were an important part of the link between final demand
and employment. Similarly, Duchin et al. (2010) find that corporate investment declined
significantly after the start of the crisis, the decline being greater for firms that had low cash
reserves or high net short-term debt, were financially constrained or operated in industries
dependent on external finance. Finally, Gilchrist et al. (2017) analyze inflation dynamics during
the financial crisis with a novel approach. They note that in the nadir of the crisis, in the
presence of financial frictions, firms with weak balance sheets and limited internal liquidity
found it necessary to raise their prices to preserve internal liquidity and avoid costly external
finance in response to adverse demand and financial shocks. By contrast, their liquidity

unconstrained counterparts lowered prices in the same period. Such pricing behavior led to a
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further deterioration in the liquidity position of financially constrained firms which amplified
the large contraction of aggregate output due to the crisis but dampened the downward pressure

on prices that accompanied the severe economic slowdown.

The literature on the balance sheet transmission channel is even thinner for the period of
unconventional monetary policies due to the lack of supporting empirical evidence. Gurkaynak
et al. (2021) using firm-level data (S&P firms) in a sample spanning the period from 2004 to
2018, examine the cash-flow effect of monetary policy, which propagates through changes in
balance sheets and ultimately influences investment behavior, and provide strong evidence for
investment sensitivity to cash flow. Also, they provide evidence that the cash-flow sensitivity
of investment was not different at the zero lower bound (ZLB) period of interest rates implying
that the ZLB did not disrupt the cash-flow channel of monetary policy. A further test of the
cash-flow channel involved examining the behavior of net worth which is a key variable for all
financial accelerator mechanisms where having less cash in a firm leads to persistently lower
net worth. Again, their empirical results validate the cash-flow channel, showing that its
working was not altered by the ZLB. Finally, Gurkaynak et al. (2021) use a measure of financial
constraint applicable to listed US firms to test whether financial frictions drive the real effects
of monetary policy and report that financial constraints indeed matter and that more constrained

firms show large sensitivity to cash flows triggered by monetary policy shocks.

3. The theoretical framework
3.1 The model

In this section we develop the theoretical framework that is based on the Bernanke and
Blinder (1988) model, extended to incorporate imperfect substitution between internal and
external finance of firms, and thus allowing to put to a structural test both the bank lending and

balance sheet channels of monetary policy transmission.

Two essential features of the proposed framework are distinguished. Firstly, because of
the existence inter alia of informational asymmetries, different types of finance for firms are

imperfect substitutes. The bank lending channel assumes imperfect substitution between loans
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and bonds, both of which are types of external finance. The balance sheet channel, on the other
hand, assumes imperfect substitution between internal and external finance. With a changing
financial structure, firms face a cost differential when raising finance from different sources.
Secondly, the cost of capital influencing investment decisions is a weighted average of the cost
of individual types of finance and this in turn implies interdependence between changes in

financial structure and investment demand (and thus output demand).”

Our model is assumed to be linear for analytical convenience and contains the basic
components of the financial structure by specifying demand equations for these components.
It also contains a supply of loans equation, which, together with the relevant equilibrium
condition, integrates the loan market in the model. Loans are a component of firms’ external
finance. The model specification is completed by a conventional LM curve (demand for
deposits equation) and an IS curve (output demand equation) that coincides with the traditional
IS curve when there is perfect substitutability between all types of finance as suggested by the
irrelevance proposition of Modigliani and Miller (1958). The market for bonds is not
considered, as in Bernanke and Blinder (1988), by appealing to Walras’s law. Also, as in the
above study, we assume that the expected inflation rate is constant, so we suppress it because
a Keynesian type model takes both the price level and inflation as given. Finally, we assume
for simplicity that there are no reserve requirements, an assumption that is not crucial for

developing our tests.®

Table 3.1 and Figure 3.1 below presenting the structure of total liabilities in the firms’
balance sheets and the cost of the main components, help us in making a number of simplifying
assumptions that allow us to obtain analytical results: (i) The “other liabilities” item of external
finance (see Table 3.1), including inter alia trade accounts and all other liabilities, both current

(e.g. excise and sales taxes) and non-current (e.g. deferred income taxes), are not considered in

"We note that the stylized model proposed by Bernanke and Blinder (1988) for analyzing the bank lending channel
explicitly incorporates this interdependence. The model was estimated as a structural system for six major
economies by Brissimis and Magginas (2005).

8 The results in our model do not depend on the use of reserve requirements as an instrument of monetary control;
monetary policy could have tightened through an open market operation reducing the reserve base, with increased
leverage in the presence of a bank lending channel and a balance sheet channel.
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the present study; these represent about one third of total liabilities and are not likely to be

influenced by (real) rates of return. (ii) Equity finance is also not considered, as firms tend to

maintain an inflexible level of dividends per share, an empirical regularity already pointed out

in the seminal work by Lintner (1956), which still has continuing validity.

Table 3.1: Sources of finance (end-year figures, percent of total)

Type of finance 1994 1995 2000 2005 2010 2015 2017@
Internal finance

Retained Earnings (R) 22.1 22.7 23.3 24.8 28.3 29.6 28.0
External finance

Loans (L) 9.3 9.5 9.8 6.6 6.3 6.7 6.8
Bonds (B) 16.4 16.0 15.0 14.1 17.0 21.1 21.7
Equity (E) 139 139 155 175 160 105 119
Other Liabilities (O)  38.3 37.9 36.3 37.0 32.5 32.1 31.5
Total (bn USD) 4036 4381 6058 7744 10068 13128 14199

Notes: R: retained earnings (stock); L: bank loans; B: bonds; E: stockholders’ equity; O:other

liabilities.

@The figures refer to 2017:Q2.

Source: QFR database and authors’ calculations.
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Figure 3.1: Real cost of corporate finance (in percent)

Notes: i: bond rate (10-year Government Benchmark bond yield); p: bank lending rate (bank

prime loan rate); ¢: cost of retained earnings; 0: cost of equity.
“The cost of equity (0) is defined as the ratio of total dividends to total capitalization.
Source: FRED and QFR databases and authors’ calculations.

Figure 3.1, presenting the real cost of the various forms of corporate finance, shows that
the cost of equity has historically, at least in our sample, been “sticky”, in contrast to the cost

of other types of finance, which fluctuated considerably.

We define the cost of retained earnings by noting that this cost is really the return on retained
earnings (whether we choose to call it a “cost” or a “return” is a matter of perspective). The
return on retained earnings in a given period can be seen to have two components: (a) the flow
of retained earnings (ARE) in the period, where RE is the stock of retained earnings, and (b)

the depreciation flow, i.e. the amount of earnings required to finance capital consumption of
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the period (DEP).>!° The sum of these components as a percentage of retained earnings gives
the (real) cost of retained earnings for the firm (see Brissimis and Papafilis, 2021). Given the
cost of retained earnings ¢, firms make their financial decisions on the basis of their relative

capital structure.

The loan market in the model is specified as follows:

LY =ag+a;y—a,(p—1i)—as;(p— @) a,,a,,as >0 (3.1)
LS = bO + le + bz(p - l) bl’ bz > 0 (32)
L14=15=1L (3.3)

where L, y and D are real loans, output and deposits, (p-i) is the spread between the bank
lending rate (p) and the bond rate (i), (p-¢) is the spread between the bank lending rate (p) and
the rate of return on retained earnings (¢), while superscripts d and s refer to loan demand and
loan supply, respectively.!! Loan demand is negatively related to both interest rate spreads and
positively to the output variable. The latter is the scale variable in Eg. (3.1), while the deposit
variable has the same role in Eq. (3.2). Variations in the interest rate spread (p-i) and deposits
affect loan supply positively. The inclusion of the spreads in Egs. (3.1) and (3.2) is based on
the premise that borrowers’ financing decisions and bank portfolio decisions are characterized
by rate of return homogeneity. In this case, an equal increase in the financing costs for all forms
of borrowing will not affect the structure of firms’ liabilities, while banks’ loan supply policy
depends on the relative return on loans. Moreover, the inclusion of the interest rate spread in
both equations implies that loans and bonds are imperfect substitutes in bank portfolios or as
sources of external finance for borrowers. Eq. (3.3) is the equilibrium condition for the loan

market.

9 We use an operational definition for the cost of internal finance that distinguishes it from the opportunity cost
of internal finance, which is a fundamental part of the external finance premium employed extensively in the
literature, but also from the cost of equity capital, given that equity capital constitutes an external source of
corporate finance.

10 These earnings are already deducted from accounting measures of net earnings and therefore need to be added
back to the flow of retained earnings as they represent the minimum return the firm, as a going concern, has to
deliver in order to maintain its physical capital stock in operation.

11 Rates of return are real rates.
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The demand for retained earnings equation is specified as:?
R=co+ciy—c(p—i)+c3(p— o) €1,C2,63>0 (3.4)

where R is the stock of retained earnings. It incorporates the notion that retained earnings are
characterized by imperfect substitutability with the two types of external finance considered
here.

The money market can be expressed as follows:
D = dO + dly - dz i dl' dz > 0 (35)

where D is demand for deposits, which is related positively to income and negatively to the
bond rate.:

Assuming that output is demand determined, the output market is specified by the

following equation:*

y=e —eji—e(p—i)teslp—o9) ej,ey,e3>0 (3.6)

Aggregate demand is related negatively to the bond rate and the spread between the loan
and bond rates, and positively to the spread between the loan rate and the rate of return on
retained earnings. Eq. (3.6) is a modified IS curve when there is imperfect substitution between

loans, bonds and retained earnings for borrowers.

Two conditions must be met for a bank lending channel to exist. First, borrowers are not
able to fully insulate their real spending from a decline in the availability of bank loans, i.e.
loans are imperfect substitutes for other sources of external finance. Second, there are no
perfect substitutes for loans in bank portfolios. Respectively, a necessary condition for the
operation of the balance sheet channel is the existence of imperfect substitution between

borrowers’ internal and external finance.

12 Eq. (3.4) arises from the following reformulation of the initial specification: R = my + m;y + m,(p — @) +
m; (i — @) = my + myy + (m; + m3)(p — @) — m3z(p — i).

13 We assume that total wealth is constant while the rate of return on deposits is exogenously fixed and normalized
to zero.

14 Eq. (3.6) is the result of the following reformulation: y = wy —wyi —w,p— w5 @ =wy — (w; +w, +
w3)i— (W +w3)(p—1) +ws(p—@).
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Imperfect substitution implies that the derivatives of loan demand and loan supply with
respect to the spreads (coefficients az, az and b2) and the corresponding derivatives of the
demand for retained earnings (coefficients c, and cs) are finite, and moreover that output
demand responds to the spreads (e2, e3 >0), as well as to the interest rate. When, on the other
hand, loan supply is perfectly elastic with respect to the spread (p-i) (i.e. bo—o0) and hence p-
i=0 (i.e. a2=C>=e,=0), loans and bonds will be perfect substitutes for either borrowers or banks.
In this case, the bank lending channel does not operate, the loan supply function, due to the
existence of perfect substitution, cannot be defined separately for banking institutions, and the
(p-i) spread is zero and therefore is not a determining factor in the demand equations for loans,

retained earnings and output.

Also, when the demand for retained earnings is perfectly elastic with respect to the spread
(p-0) (i.e. ca—) and hence p-¢=0 (i.e. az=e3=0), retained earnings will be perfect substitutes

for both loans and bonds for borrowers. In this case, the balance sheet channel does not operate.

When the values of the critical parameters of the system of structural equations (i.e. az, as,
b2, C2, C3, €2, €3) are not subject to the restrictions specified above, this implies that there is
imperfect substitutability between bonds and loans and also between internal and external

sources of finance, and the bank lending and balance sheet channels are both operational.

The system of Egs. (3.1) to (3.6) can be reduced to a set of three equations that can be used
as a basis for assessing the potency of both the bank lending and balance sheet channels. The
first of these equations represents an inverted loan supply function, the second is an inverted
demand function for retained earnings and the last combines the demand function for loans,

deposits and output.

Bank loans are an important source of funding for firms. Monetary policy variations could
have significant effects on financing decisions of firms and investment through changes in loan
supply, especially for borrowers with significant dependence on bank loans. Thus,
identification of the loan supply function would enable an assessment of the importance of the
lending channel. We express Eg. (3.2) in an equivalent way, as an inverted loan supply

function:

p — 1= —bo/b; = (b1/bz)D + (1/b7)L 3.7)
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Based on Eqg. (3.7), we are able to directly identify the structural parameters of the loan
supply function by testing the restriction that b,—oo. If bo—o0, loan supply would be perfectly
elastic with respect to the interest rate spread. In this case, as already noted, the loan supply
function is not defined, the two rates on loans and bonds are equal, p=i, and the bank lending

channel will be non-operational.
Eq. (3.4) can be solved for (p-o) as a function of y, R and (p-i):
p— ¢ =—cofc3—(c1/c3)y + (1/c3)R + (cz/c3)(p — D) (3.8)

Under conditions of perfect substitutability between the two sources of external finance,
i.e. loans and bonds, the bank lending channel does not operate and the spread (p-i) drops from
the equation (i.e. c2=0). Perfect substitutability, on the other hand, between loans and retained
earnings (i.e. c3—o0) implies that the spread (p-¢) is zero and this time the balance sheet

channel does not operate.
Finally, we solve Eq. (3.1) for the spread (p-o):
p— @ =ag/az + (ar/az)y — (1/az)L — (az/as)(p — i) (3.9)
and Eq. (3.5) for the bond rate:
i =dy/d, +(dy/dy)y—(1/d,)D (3.10)
Substitution of Egs. (3.9) and (3.10) into Eq. (3.6) yields the following equation:
y =[(eg — e, do/d, + e3a9/asz) + (e1/d,)D — (e3/az)L
—(e;, + ezay/a3)(p—1)]/(1 +edy/d, —ezai/az) (3.11)

According to this specification, when there is perfect substitutability between internal and
external finance for borrowers (i.e. as—o, e3=0) the loan variable drops from Eg. (3.11) and
the balance sheet channel will not work, while when loans and bonds are perfect substitutes for
borrowers (i.e. a2=0, e2=0), the spread (p-i) drops from the equation and the irrelevance of the

bank lending channel is established.

Through the system of the three Egs. (3.7), (3.8) and (3.11), our aim is to examine the
operation of the bank lending and balance sheet channels following a monetary policy shock.
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To recapitulate, Eq. (3.7) captures the structural parameters of the loan supply function under
conditions of equilibrium in the loan market, Eq. (3.8) captures the parameters of the demand
function for retained earnings, and the last quasi-reduced form Eq. (3.11) describes the
combined demand side of the loan, deposit and output markets.

3.2 The amplifying effect of monetary policy

Both the bank lending and the balance sheet monetary transmission channels have been
shown to amplify monetary policy shocks to the economy. The bank lending channel, whose
existence is based on credit market imperfections caused inter alia by asymmetric information,
makes monetary policy more expansionary than in the IS-LM model (Bernanke and Blinder,
1988). In the context of the Bernanke-Blinder model, the loan market plays a central role in
amplifying monetary impulses, which can influence aggregate demand, not only through
interest rates as in the traditional interest rate channel, but also through their impact on the
supply of bank loans, assuming that these loans are imperfect substitutes with debt securities
(bonds) for borrowers and banks. Thus, when monetary policy is tightened, the bank loan
supply schedule shifts up and to the left, which complements the interest-rate induced effect
on aggregate demand.

Whilst the bank lending channel analyzes the impact of monetary policy shocks on the
supply of loans by depository institutions, the balance sheet channel focuses on the potential
impact of shocks on firms’ balance sheets and their ability to borrow. Thus, a monetary shock
that causes a rise in interest rates worsens borrowers’ financial conditions and increases the
wedge between the cost of external and internal finance, which reduces firms’ loan demand.
This mechanism (balance sheet channel) reinforces the initial effects on aggregate economic

activity.

Although the bank lending and the balance sheet channels are theoretically different, they
both incorporate a key fundamental, the financial accelerator. The financial accelerator
hypothesis states that information costs that arise from imperfect/asymmetric information
between borrowers and lenders alter the costs of firms’ financing that have significant
consequences on output, amplifying the effect of monetary policy. Below, we show this by
using the model consisting of Egs. (3.7), (3.8) and (3.11). An important result is that the
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amplification is much stronger if both channels are in operation compared to the case where

only one plays a role in monetary transmission.

In particular, in cases where the bank lending and the balance sheet channels are
operational, the above system of equations may be written in matrix notation as follows:
AX=BZ, where:

1 0 0
A= < —Cz/c3 1 c1/¢3 )
ez +83a2/a3 O 1+€1d1/d2 —€3a1/a3

—by/b, 1/b, 0 —by/b,
B= —Co/C3 0 1/c5 0
eo — ey do/d; + ezap/az; —esfaz; 0 e1/d,
. Con
p—i N
X= <p — (p) Z=
% R
D

In this case the effect of monetary policy on output is given by the derivative (dY/dD),
which is the element in the third row and fourth column of the matrix AB. This effect is shown
in Table 3.2, line 1.

If only the balance sheet channel is operational, the A and B matrices become:
1 0 0
A = (O 1 Cl/Cg )
0 0 1+ed;/d, —eza,/a3
0 0 0 0
B:< —Co/C3 0 1/c; 0 )
eo — ey do/d; +ezap/az —ezfaz 0 e/d;

and the effect of monetary policy on output, shown in Table 3.2, line 2, is now smaller since
the amplification mechanism is constrained from the non-operation of the bank lending

channel.

Finally, if neither the balance sheet channel nor the bank lending channel is operational,

the A and B matrices become:
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1 0 0 0 0 0 0
A:<0 1 0 ) B:< 0 0 0 0 >
O 0 1+eld1/d2 eo_el do/dz 0 O el/dz

and the effect of monetary policy on output is limited further, as shown in Table 3.2, line 3,
and this indicates that we have no amplification effects at all when there no component of the
credit channel at work.

Table 3.2: The amplifying effect of monetary policy through the operation of monetary

transmission channels

Channels in Effect of expansionary monetary policy
operation on output (dY/dD)

Interest rate, bank

. e t(e; + ezay/az)d;(by/by)
lending and balance Al =
J d; + e;d; — (eza;d;)/a;s

sheet channels

Interest rate and e;
A2 = < Al
balance sheet channels d; + eid; — (eza,dy)/a;s
| hannel A3=—1 a2
nterest rate channe =L Ted

Source: Authors’ calculations

4. Empirical evidence

Based on the theoretical structural relationships developed in Section 3 (Egs. (3.1) to
(3.6)), we investigate empirically the operation of the bank lending and balance sheet channels
in the US by using the Johansen multivariate cointegration analysis. We identify the
relationships included in our model as equilibrium relationships (cointegrating vectors) from a
VEC model and test appropriate restrictions on estimated cointegrating vectors that pertain to

the existence of the bank lending and balance sheet channels.
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The three-equation system derived above (Egs. (3.7), (3.8) and (3.11)) and used for
assessing theoretically the magnifying effect of monetary policy on real economic activity
when one or two monetary transmission channels are in operation, is not suitable for
empirically testing the existence of the two components of the credit channel, since it is not
exactly identified. It is therefore necessary to reformulate it, in order to achieve exact
identification of the equilibrium parameters, in conformity with Pesaran and Shin’s (2002)
theory of identification of an equilibrium structure in a VEC model. Thus, based on the system
of structural equations (Egs.(3.1) to (3.6)), we specify a re-parameterization of equilibrium

relationships that is amenable to estimation.

More specifically, we substitute Egs. (3.1) and (3.2) in Eq. (3.3) and solve for the spread

(p-i), as follows:
p=i=fot+fiy=flo—¢)—f3D fufarf3 >0 (4.1)
where fy = (ag — bg)/(a, + by), fi = a1 /(a, + by), f> = as/(a, + by),
fz =b1/(az; + by),
Solving Eq. (3.4) for the spread (p-¢), we obtain:
P—P=90—91Y+9R+g3(p—1)  Gg1,92,93>0 (4.2)
where gy = —co/C3,91 =C1/C3, 92 = 1/c3, 93 = C3/C3
Finally, substitution of Eq. (3.10) into Eqg. (3.6) yields:
y=hy+hD—-hy(p—i)+hs(p—¢) hy,hy,h;3>0 (4.3)
where hy = (eg — e, do/dy) /(1 + e1d,/d))
hy = (e1/d3)/(1 + e;dq/d5)
h,=(e;)/(1 + e dq/d>)
hs=(e3)/(1 + e dq/d>)

Therefore, the equilibrium relationships on which we focus are Egs. (4.1), (4.2) and (4.3).
If we identify empirically the existence of these three equations, this implies the operation of

the bank lending and balance sheet channels in addition to the interest rate channel. If there are
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no information asymmetries in the loan and bond markets, the identification of a distinct loan
demand function is not possible because loans and bonds are perfect substitutes for borrowers
and p=i. Similarly, loans and bonds are perfect substitutes in bank portfolios. Under these

conditions, only two equilibrium relationships can be identified, i.e. Egs. (4.2) and (4.3):

pP—9 =gy —09.y+3:R 91,92’ >0 (4.4)
y =ho+hiD +hy'(p— @) hy',hy' >0 (4.5)

In this case, of the two components of the credit channel, only the balance sheet channel
is operating.™® If, in addition, there are no information asymmetries in the firms’ access to
internal and external finance, loans and retained earnings are perfect substitutes and p=¢. As a
result, there is a further reduction of the two-equation system to one equation, which is:

y = h()” + h:ll’D h1” > O (46)

As mentioned in Section 3, perfect substitutability between loans and bonds for banks and
borrowers implies that the bank lending channel is not operational. In addition, perfect
substitutability between internal and external finance for borrowers renders the balance sheet
channel non-operational. As already indicated, the existence of informational asymmetries is a
necessary condition for the operation of both channels. Otherwise, when the channels are not
active, the identification of distinct loan demand and supply functions is not possible, while
output demand and the demand for retained earnings are not responsive to changes in the

spreads.

Thus, in what follows, we will seek to disentangle shifts in loan supply from shifts in loan
demand and identify shifts in the demand for retained earnings in an attempt to quantify
empirically the two components of the credit channel. However, internal and external sources
of finance have experienced profound changes in the last decades, especially after the financial
crisis of 2008, which may have caused significant changes in the transmission of monetary
policy. Accordingly, we will examine how these changes have manifested themselves as

5 1f, however, loans and retained earnings are perfect substitutes (i.e. p=¢), the two equilibrium relationships
wouldbe:p—i=f'+ fi'v— fo'Dand y = hy' + hy'D — h,'(p — i) and the bank lending channel, rather than
the balance sheet channel, would be operating. This hypothesis is examined and rejected below by testing the
appropriate over-identifying restrictions.
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changes in the underlying equilibrium relationships (Egs. (4.2), (4.3) and (4.4)), which can take
the form of changes in the number of these relationships and/or in the parameters of the

cointegrating vectors.

In order to specify the existence of cointegrating relationships among the variables, we
estimate an unrestricted vector autoregressive (VAR) model over the entire sample period and
over two subperiods (see below), which are determined according to the recursive and
breakpoint stability tests. The general reduced form of a VAR (k,p) model with k variables and

p lags is:
Ve =0+A1Ye 1t AYe o+ -+ Ay + Bx + e,

where y; = [V1t, ., Yiel 18 a kx1 vector of k endogenous non-stationary variables, x; =
[X1f, ., Xge]” 18 @ dx1 vector of exogenous and/or deterministic variables, A1,...Ap are kxk
matrices of the coefficients of endogenous variables for i = 1,2,...,p, p is the order of the VAR
model, B is a kx(d+1) matrix of the coefficients of exogenous variables, et is a white noise kx1

vector of error terms and 6 is a kx1 vector of intercepts.

The VAR model can be re-parameterized as a VEC model (Hendry, 1995). A VEC model
is given by the following form:

p—1
Ayt =06+ Hyt—l + Z FiAYt—i + BXt + €t
i=1
where I1 = Z]P=1Aj — I, IT 1s a (kxk) matrix of equilibrium parameters, I'i=

_vP
j=i+1

Aj, T is the matrix of short-run adjustment parameters, p is the order of the VEC
model and A is the first-difference operator. Based on the test statistics of Johansen and Juselius
(1990) and Johansen (1995), the rank r of the matrix IT determines the appropriate model
specification. If r<k, i.e. IT has reduced rank, and the variables are I(1), there must be r
cointegrating relationships among them that are stationary. In this case, the matrix IT can be
factorized as a product of two matrices o and B, such that IT=af’, where o is the matrix of
loading factors which capture the speed of adjustment toward equilibrium and f is the matrix
of r cointegrating vectors. By using the Johansen cointegration technique, the orthogonalization

of B implies a unique estimation of a and B3, which satisfies the equation IT=af3".
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The above identification method sets a number of specific restrictions. Pesaran and Shin
(2002) criticize this approach claiming that there is no economic theoretical background for its
support. For reasons of mathematical convenience it is not possible to test restrictions predicted
by economic theory or other relevant a priori information. Therefore, in order to be able to
derive conclusions according to economic theory, it is necessary to impose and examine a
number of appropriate restrictions concerning the parameters of the p matrix. The imposition
of r? restrictions is a necessary and sufficient condition for the exact identification of the
cointegrating vectors (r restrictions in each of the r cointegrating vectors), in agreement with
specific theoretical economic assumptions. By imposing linear over-identifying restrictions on
the elements of matrix 3, according to the cointegration approach developed by Pesaran and
Shin (2002), we are in a position to test the validity of a series of economically meaningful
hypotheses, based on the theoretical restrictions developed in Section 3. In this way, we will

be able to examine the existence of the bank lending and the balance sheet channels.

We investigate the operation of the bank lending and balance sheet channels in the US
over the period from 1994:Q1 to 2017:Q2, by using aggregate data. In the empirical analysis,
we use quarterly observations. Bank loans (L), deposits (D) and retained earnings (stock) (R)
are end-of-quarter variables, deflated by the consumer price index. These variables and real

GDP are expressed in logarithms and are seasonally adjusted.

As for the interest rate/rate of return variables, these are real variables. The real loan rate
(p) and real bond rate (i) are calculated by subtracting the annual inflation rate from their
nominal values, and are expressed as quarterly averages. The inflation rate is computed in terms
of the consumer price index as the year-on-year percentage change. The rate of return on
retained earnings (¢) is calculated as the ratio of the flow of retained earnings and depreciation
to the stock of retained earnings, where for this calculation primary data are used. The main

sources of the data are the Federal Reserve Economic Data (FRED) and Quarterly Financial
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Report (QFR)®!" databases. In the appendix, we cite the definitions and sources of all

variables.

To start with, we estimate an unrestricted VAR model for the full sample period. The
specification of the lag length is based on the Schwarz Information Criterion (SIC). We also

perform the standard diagnostic tests for heteroskedasticity, normality and autocorrelation.

As a preliminary step for the VAR analysis, we test the time series for stationarity applying
the Phillips-Perron (PP), and the Kwiatkowski-Phillips-Schmidt-Shin (KPSS) standard unit
root tests over the entire sample period.'® We also examine the stationarity properties of the
series applying a modified augmented Dickey-Fuller unit root test, which allows the
identification of a breakpoint in the series endogenously from the data.!® We test the null
hypothesis that the series has a unit root with a possible intercept break, versus the alternative
that the series is stationary with a breakpoint.

The lag structure in the above tests is specified based on the Schwarz criterion. We
consider that a time series has a unit root when at least two of the above three tests show the
existence of a unit root at a 5% significance level. We find that all variables have a unit root.

In this case, we calculate first-differences in order to achieve stationarity and repeat the unit

16 The QFR database includes quarterly data for all sizes of Manufacturing, Mining, Wholesale, Trade and selected
Service Industries. One of the advantages of the QFR data is that they include firms that are publicly traded and
firms that are not, while they are available at a quarterly frequency (Oliner and Rudebusch, 1996). Thus, the
database captures the behavior of small and large firms (Gertler and Gilchrist, 1994; Bernanke et al., 1996) and
permits quantitative assessment of the aggregate implications of credit constraints. Moreover, aggregate time
series are available also in disaggregated form, according to firm size class and industry class.

17 The sectoral classification for QFR data was changed in 2000:Q4. Up to 2000:Q3 the Standard Industrial
Classification (SIC) classification was used, while from 2000:Q4 onwards, the North American Industry
Classification System (NAICS) classification is followed. As a result of this change, some sectors have been
reclassified. In addition, the total across all sectors has been affected as some sectors covered under the previous
classification are no longer covered and vice-versa. To deal with the resulting break in the series, these have been
spliced, using the relationship of the series for the period for which reporting under both classification schemes is
available (2000:Q4-2001:Q2).

18 In testing for stationarity, the KPSS test is more reliable for small samples. The null hypothesis of the KPSS
test is that the series is stationary, in contrast to the PP unit root test where the null hypothesis is that the series
has a unit root.

19 Perron (1989) has shown that this approach is more robust, in case where the variables are trend stationary,
while standard unit root test results are biased toward the non-rejection of the null hypothesis when there is a
structural break in the mean of a stationary time series.
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root tests. The first differences are stationary. We conclude that our variables are integrated of

order one, i.e. I1(1).

We then proceed to examine for cointegration, based on the Johansen maximum
eigenvalue test (1995),%%2Lin order to estimate the number of cointegrating relationships among
the non-stationary time series in our sample. We find evidence for two cointegrating

relationships among the variables.

Before proceeding to estimation, we need to test for temporal instability which, if existent,
may bias seriously our estimates. The recent financial crisis could be a case in point. Thus, we
run a series of stability tests to identify potential structural breakpoints. In particular, plots of
the restricted cointegrating relationships after imposing just-identifying restrictions (Figure
4.1) and the one-step forecast (probability) and recursive residuals stability tests for the system
as a whole (Figure 4.2) indicate abnormal variations in 2008:Q4. This could be a sign of a
possible break. This instability is also verified by the Bai-Perron breakpoint test, which
determines the structural breakpoints endogenously from the data.?? The results show that there
was a structural change after the financial crisis of 2008, which represents a shift in the
underlying financial structure. Thus, we set the breakpoint in 2008:Q4% and split our sample,

20 More specifically, we specify the number of cointegrating relationships according to the maximum eigenvalue
test results, at the 5% significance level. The maximum eigenvalue test is Amax= -T In (1-Ar+1), r=0,1, ..., k-1. The
Ho hypothesis is r<ro for ro=0,1,...,k-1, where Kk is the number of variables. The Hy hypothesis assumes that there
are ro+1 cointegrating vectors. We include a constant (intercept) in each cointegrating equation, which reflects in
a more plausible way the generating mechanism of the data.

21 Liitkepohl et al. (2001), based on Monte Carlo simulations, compare the maximum eigenvalue and the trace
tests for the specification of the cointegrating rank of a VAR process. They provide evidence that the trace test
has superior power performance relative to the maximum eigenvalue test in some situations. However, they show
that the trace test tends to have more distorted size in small samples in comparison with its competitor. Juselius
(2006) also argues that size and power distortions could arise with the application of the trace test when the sample
is small. Since in our case the sample is relatively small, we prefer the maximum eigenvalue test for the
determination of the cointegrating rank.

22 The Bai-Perron test allows the error distribution to vary across breaks.

2 Qur findings are also robust when we test for the potential breakpoint based on the Chow test.
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in order to ensure parameter constancy. A dummy variable is also included in the VEC model

in the first subperiod, in order to capture the effects of abnormal variations in 2002:Q3.24 2
Figure 4.1: Plots of the restricted cointegrating vectors
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24 We examine the residuals of the initial VEC model, and if we find outliers greater than 3 standard deviations,
we include a series of point dummy variables — as exogenous variables — to capture specific abnormal events
during the period under study. Our results are robust to a range of threshold values between 2.5 and 3.5 standard
deviations.

25 We do not split the sample in 2002:Q3 because there is no structural change with permanent effects, while the
size of the sample is not sufficient to obtain reliable results. This breakpoint possibly captures the US stock market
downturn in September 2002.
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subperiods in order to specify the optimal lag length. The optimal length, specified according
to the Schwarz criterion, is equal to 2 and 1, for the first and second subperiod, respectively.
Diagnostic test results provide evidence that there is no autocorrelation, the residuals are

multivariate normal, while there is no heteroskedasticity.

Once again, we run the aforementioned unit root tests but this time in each subperiod. All
the variables are also found to be I(1). Stability test results, for each subperiod verify that the
cointegrating parameters are relatively constant. We perform the Johansen cointegration test
on the subsamples. We assume unrestricted intercepts and no trends in the cointegration test
and the VAR model. Johansen’s maximum eigenvalue test results are presented in Table 4.1,
for both subperiods. The cointegration results provide evidence for the existence of only two
cointegrating vectors in both subperiods. In this case, we have to examine that only one of the
sub-channels of the credit channel is operational in these subperiods, and works additionally to

the traditional interest rate channel.

For this purpose, we need to impose a number of over-identifying restrictions in the
cointegrating relationships in order to test the operation of the monetary channels in both
subperiods, under conditions of imperfect substitutability between alternative sources of
external financing, or between sources of internal and external financing. The restrictions
which are imposed to identify the appropriate cointegrating vectors rely on the economic
assumptions defined above, in accordance with our theoretical setup. We start by testing the

operation of the balance sheet channel. By using the likelihood ratio test of Johansen and
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Juselius (1994), we test the over-identifying restrictions that lead to the system of equations
(4.4) and (4.5) against the exactly-identifying restrictions that underlie the system of equations
(4.2) and (4.3).%5

% The standard likelihood ratio test of the over-identifying restrictions follows asymptotically a x*(k-r)
distribution, where k is the number of restrictions and r is the number of cointegrating relationships.
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Table 4.1: Cointegration analysis

Panel A: Johansen cointegration test

Period 1994:Q1 - 2008:Q4 2009:Q1 - 2017:Q2
Number of cointegrating
a 2 2
vectors
Maximum eigenvalue 27.584 24.831
test (0.0538) (0.1082)
Panel B: Coefficients on cointegrating vector variables®
Period 1994:Q1 - 2008:Q4 2009:Q1 - 2017:Q2
Variables Vectorl  Vector2 Vectorl Vector2
p-i 0.000 0.000 0.000 0.000
1.000 -1.478 1.000 0.326
p-® (0.225) (0.013)
[-6.558] [25.051]
1.697 1.000 1.061 1.000
Y (0.258) (0.169)
[6.568] [6.256]
-1.224 0.000 -0.742 0.000
R (0.174) (0.047)
[-7.035] [-15.481]
L 0.000 0.000 0.000 0.000
0.000 -0.792 0.000 -0.481
D (0.053) (0.016)
[-14.714] [-29.913]
x%(4)=10.002 x%(4)=4.231
LR test®d ) 4)
(0.040) (0.375)

Note: 2Numbers in parenthesis are the Mackinnon-Haug-Michelis (1999) probability values to accept
the null hypothesis at the 5% significance level.

b Numbers in parentheses are asymptotic standard errors, while numbers in brackets are the t-
statistics.

¢Numbers in parentheses are probabilities to accept the over-identifying restrictions.

d* ** and *** denote rejection of the null hypothesis at the 10%, 5%, and 1% significance level,
respectively.
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Table 4.1 reports the maximum likelihood estimates of the over-identified model in both
subperiods. The likelihood ratio test is equal to 10.002 (p-value=0.040) and 4.231 (p-
value=0.375) in the first and second subperiod, respectively. Based on these test results, we
cannot reject the zero restriction on the coefficient of the (p-i) spread variable in both
subperiods. This implies the existence of perfect asset substitutability for borrowers and banks,
and as a result the non-operation of the bank lending channel. Moreover, all the coefficients of
the estimated cointegrating vectors are significant and correctly signed in both subperiods. The
only exception is the sign of the coefficient of the spread variable (p-¢) in the second subperiod.

This divergence is possibly attributed to the restricted sample size.?’
5. Conclusions

In this paper we developed a small-scale structural model based on the Bernanke and
Blinder (1988) model to study the operation of both components of the credit channel of
monetary transmission, i.e. the bank lending and the balance sheet channel. The Bernanke and
Blinder model was extended to incorporate imperfect substitution between internal and external
finance of firms so that the new model incorporated the most important elements of a changing
financial structure. The latter implies that firms are facing a cost differential when raising
internal or external finance, and also that the changes in financial structure themselves are
interdependent with investment demand (and thus output demand); these two features are
shared by our model. The reason why both the bank lending channel and the balance sheet
channel jointly received little attention in the literature may simply be the lack of an available

model that concisely captures the essence of both transmission mechanisms.

Our model contains the basic components of the financial structure by specifying demand
equations for these components. It also contains a supply of loans equation which, together
with the relevant equilibrium condition, integrates the loan market in the model. The model

27 To verify the validity of the above results, we also test for the possible operation of the bank lending channel
instead of the balance sheet channel, by imposing the appropriate over-identifying restriction (p-¢=0) in the
system of Eqgs. (4.1) and (4.3). The likelihood ratio test results show that we cannot accept the null hypothesis (p-
value=0) in both subperiods, which implies that there is imperfect substitution between loans and retained earnings
(i.e. p#9). Thus, we proceed by considering that only the balance sheet channel is operational, since in the first
place we have identified the existence of two cointegrating vectors.
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specification is completed by a conventional LM curve and an IS curve. Before going ahead to
estimation, we used the model to quantify the financial accelerator effects due to the operation
of the two sub-channels of the credit channel. An important result of our analysis is that the
amplification consequences of monetary policy are much stronger if both the bank lending
channel and the balance sheet channel are in operation compared to the case where only one

plays a role in monetary transmission.

Next, our model was brought to a form suitable for empirical testing by reformulating it
so that the identification of a loan supply function and a loan demand function would be
possible. Our framework provided us with a number of testable restrictions related to the degree
of asset substitution and thus to the effectiveness of the two components of the credit channel.
These restrictions were tested in the context of a VEC model that was applied to US aggregate
data and was used to identify the equilibrium relationships included in our model, i.e. the
cointegrating relationships. We found evidence of two cointegrating relationships among the
variables. The restrictions which were then imposed on these relationships were necessary in
accordance with our theoretical setup in order to test for the operation of both channels of
monetary transmission. It should be reiterated at this point that, according to Pesaran and Shin’s
(2001) theory, identification of the equilibrium structure and thus testing of restrictions on this

structure can be achieved without imposing restrictions on the model’s dynamic structure.

Before proceeding to estimation and testing for restrictions in the equilibrium
relationships, we needed to test for temporal instability, which, if present, might bias our
estimates and test results. The recent financial crisis was a case in point. For this purpose, we
ran a series of stability tests indicating a possible break after the financial crisis of 2008. Thus
we set the breakpoint in 2008:Q4 and split our sample, in order to ensure parameter constancy.
Stability test results for each sub-period verified that the cointegrating parameters were
relatively constant. Having determined that the number of cointegrating relationships in each
sub-period is two, we went on to examine that only one of the sub-channels of the credit channel
is operational in these sub-periods in addition to the traditional interest rate channel. Testing
the appropriate overidentifying restrictions in these cointegrating relationships, we arrived at
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the conclusion that of the two sub-channels only the balance sheet channel is at work, while

the operation of the bank lending channel could not be documented.

The fact that the bank lending channel may not be significant for monetary transmission
does not detract from the importance of informational asymmetries which affect the operation
of the balance sheet channel. Our results have shed new light on this issue, and at the same
time direct our attention to the need for expanding the framework of analysis to include other
frictions, such as frictions in goods markets and portfolio choices, investment frictions or habits
in consumption, which, if relevant, may produce important changes in the responses of key
macroeconomic variables to monetary policy shocks, compared to those reported in other

studies that are based on a frictionless model.
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Appendix: Data definitions and sources

The dataset begins in 1994:Q: and ends in 2017:Q2. Sources of the data are the Federal

Reserve Economic Data (FRED) and Quarterly Financial Report (QFR) databases published

by the Federal Reserve Bank of St. Louis and the U.S. Census Bureau, respectively. The

definition of the data and the corresponding sources are as follows:

Loans: Commercial and industrial loans, all commercial banks - (FRED)
Deposits: Deposits, all commercial banks - (FRED)
GDP: Real gross domestic product, billions of chained 2009 dollars, annual rate - (FRED)

Retained earnings (stock): Retained earnings of manufacturing, mining and trade

corporations - (QFR)

Retained earnings (flow): Retained earnings of manufacturing, mining and trade

corporations - (QFR)

Depreciation (flow): Depreciation of manufacturing, mining and trade corporations -

(QFR)

Lending rate: Bank prime loan rate - (FRED)
Bond rate: 10-year government benchmark bond yield - (FRED)
CPI: Consumer price index, Total all items for the United States, index 2010=1 - (FRED)
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