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Abstract
I investigate a model of the U.S. economy with nominal rigidities and a financial accelerator
mechanism a la Bernanke et al. (1999). I calculate total factor productivity and monetary
policy deviations for the U.S. and quantitatively explore the ability of the model to account
for the cyclical patterns of GDP (excluding government), investment, consumption, the
share of hours worked, inflation and the quarterly interest rate spread between the Baa
corporate bond yield and the 20-year Treasury bill rate during the Great Moderation. I show
that the magnitude and cyclicality of the external finance premium depend nonlinearly on the
degree of price stickiness (or lack thereof) in the Bernanke et al. (1999) model and on the
specification of both the target Taylor (1993) rate for policy and the exogenous monetary
shock process. The strong countercyclicality of the external finance premium induces
substitution away from consumption and into investment in periods where output grows
above its long-run trend as the premium tends to fall below its steady state and financing
investment becomes temporarily cheaper. The less frequently prices change in this
environment, the more accentuated the fluctuations of the external finance premium are and
the more dominant they become on the dynamics of investment, hours worked and output.
However, these features—the countercyclicality and large volatility of the spread—are
counterfactual and appear to be a key impediment limiting the ability of the model to
account for the U.S. data over the Great Moderation period.
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1 Introduction

The 2007 recession has led to renewed concern about the role of the financial system among researchers and
policymakers alike. The ‘credit crunch’ in the U.S. has focused attention back on the determinants of lending
and the impact of financing conditions on the transmission mechanism for monetary policy. However, the
standard variants of the New Keynesian framework that had become dominant for the analysis of monetary
policy since the 1990s (see, e.g., Woodford (2003) and Galf (2008)) typically abstract from financial frictions.
Evidence from past banking crises and the 2007 downturn suggests—or, at least, has re-invigorated the
view—that the role of the financial channel may be important in the propagation and amplification of
shocks.

The role of monetary policy rules and their interaction with financial frictions has become also an issue
of first-order importance in academic and policy circles. Indeed, the monetary authorities’ reaction—both
in the U.S. and other major industrialized countries—has been unusual during the current episode and very
aggressive relative to their prior experience over the past 25 years of the so-called Great Moderation. In this
context, the role of monetary policy is once again being hotly contested. A heated debate about the scope
of monetary policy and the contribution to business cycles of deviations from well-established policy rules
such as Taylor (1993)’s rule has ensued, and it is likely to continue for a long time.

To provide a quantitative analysis of the issues raised by these ongoing policy debates, I focus my attention
on the nexus between monetary policy and financial frictions. In particular, I ask how one can evaluate the
macroeconomic performance of monetary policy in an environment where policymakers understand that the
nominal short-term interest rate they control—net of inflation—is not equal to the marginal lending rates
that determine the cost of borrowing for economic agents—in other words, in economic environments where
there is a non-trivial spread between the actual cost of borrowing and the real risk-free rate.

In a conventional New Keynesian model with no financial frictions, the transmission mechanism for
monetary policy is rather stylized. Borrowing and lending has no impact on the monetary transmission
mechanism and, consequently, no real effects. In a world with financial frictions, the implications of the
Modigliani-Miller theorem no longer hold and the capital structure of firms and other economic agents
becomes important, so the financial-side of the model can no longer be ignored.

To investigate the economic consequences of financial frictions, I draw on the well-known financial accel-
erator model of Bernanke et al. (1999) where interest rate spreads are tied to the aggregate characteristics
of the borrowers (mor precisely, to the borrowers’ leverage ratio). This model offers a tractable framework
for integrating financial frictions into an otherwise standard New Keynesian general equilibrium model with
nominal rigidities. Moreover, the model has the appealing feature relative to other models of financial fric-
tions that: (a) defaults and spreads (the external finance premium) occur endogenously in equilibrium, and
(b) asset prices (the price of capital) feed into the spreads linking the two together endogenously.

I find that the economy has a stronger financial mechanism when the model incorporates standard New
Keynesian features such as monopolistic competition and price stickiness. I emphasize that the financial
accelerator by itself has only mild effects unless it interacts with frictions such as the type of nominal

rigidities favored in the New Keynesian literature. I also illustrate that the financial accelerator model can

! The Modigliani-Miller theorem, derived from the seminal work of Modigliani and Miller (1958), is also known as the capital
structure irrelevance principle. The theorem indicates that, lacking some specific frictions or taxes, the value of the firm does
not depend on whether the firm is financed by issuing equity (from their net worth) or debt (or simply taking on loans).



have a significant amplification effect when it interacts with different specifications of the policy rule and
with the addition of monetary policy shocks. However, these results are very sensitive to: (a) the degree
of price stickiness assumed under Calvo price-setting, (b) the specification of the systematic part of the
monetary policy rule, and (c) the interpretation one assigns to the exogenous and discretionary component
of monetary policy.

Furthermore, I also show that a stronger financial accelerator mechanism does not necessarily mean that
the model of Bernanke et al. (1999) is better suited to explain the path of endogenous variables like real
per capita private output (excluding government), real per capita investment, real per capita consumption,
the share of hours worked per capita, the year-over-year inflation rate or even the quarterly interest rate
spread between the Baa corporate bond yield and the 20-year Treasury bill rate since the onset of the Great
Moderation. In fact, a plain vanilla Real Business Cycle (RBC) model parameterized in a way consistent
with that of the financial accelerator model—or a variant of it augmented with the financial friction, but no
nominal rigidities—produce simulations of the endogenous variables that correlate more strongly with the
actual data than the full-fledge financial accelerator model does.

I have several additions to the literature. First, I consistently and thoroughly examine the U.S. data and
provide a coherent mapping between the data and the model. I also explicitly consider the possibility that
there was a level shift in the data after the 2007 recession in establishing the mapping of the data into the
model. The consistency between the way in which the model is laid down to account for the business cycle
fluctuations and how the data itself is measured and detrended (or expressed in deviations from a long-run
mean or target) is crucial in helping evaluate the strength and weaknesses of the model.

Second, I quantitatively investigate the ability of the financial accelerator model of Bernanke et al.
(1999) to explain the cyclical fluctuations in the U.S. data. Although this is not the first paper to investigate
the financial accelerator model’s performance (see, e.g., the estimation in Meier and Miiller (2006)), it is
the first paper to my knowledge that does it by the simulation method taking as given the realizations
of the detrended Solow residual and the monetary policy deviations straight from the data—rather than
estimating them based on imposing ex ante the structure of the model on the observable variables. While
both approaches are complementary, I argue that the exercise I conduct in this paper is useful for the purpose
of evaluating the model and accounting for the cyclical features of the data without having to worry (among
other things) that misspecification may be biasing the estimates of the structural parameters. Moreover, it
is also quite useful as a tool to inspect the financial accelerator mechanism and understand how it operates.

Third, I also aim to provide insight about the first-order effects of the interaction between financial
frictions and nominal rigidities in the model of Bernanke et al. (1999). To do so, I adopt a simple first-order
perturbation method to characterize the short-run dynamics of the financial accelerator model as Bernanke
et al. (1999) did too. First-order approximations to the equilibrium conditions can be very useful to track
fluctuations around the steady state arising from small perturbations of exogenous shocks, but might be
quite inaccurate when the shocks are fairly large or the economy is far away from its long-run steady state.
When I take account of the non-stationarity in the U.S. data and calculate the realization of the TFP and
monetary shocks driving the business cycle, it is reassuring that I do not see a strong case to back the idea
that fluctuations have been unusually pronounced during most of the period since the mid-1980s—although
in the case of the monetary shocks the question may be far less settled.

While the short-run dynamics of the model are indeed linear in the variables under the first-order approx-

imation that I have adopted, the coefficients are highly nonlinear functions of the structural parameters of



the model. T contend that these nonlinearities in the coefficients are important to understand the interaction
between nominal rigidities and financial frictions. This nonlinear interaction, in turn, can have large effects
on the path the endogenous variables take in response to a given realization of the shocks—I find the degree
of price stickiness, in particular, to be crucial for the amplification of fluctuations in the external finance
premium and on investment.

My paper proceeds as follows: Section 2 outlines the Bernanke et al. (1999) financial accelerator and
several nested variants that abstract from all frictions (the RBC model), that abstract from nominal rigidities
(the FA model), and that eliminate the financial friction (the DNK model). I continue in section 3 with
a discussion of the parameterization of the model and the derivation of the shock realizations, and then I

present the quantitative findings in section 4. Section 5 provides some discussion and concludes.

2 The Financial Accelerator Model

One framework incorporating a financial accelerator in general equilibrium that has been extensively used
in the literature is Bernanke et al. (1999)’s model of financial intermediation with ‘costly state verification’.
Costly monitoring of the realized return on capital of the defaulting borrowers and an endogenous probability
of default result in increased borrowing costs on loans over the risk-free rate and introduce time-variation
on the loan rates over the business cycle. The external finance premium—the spread of the loan rate over
the risk-free rate—makes investment and capital accumulation more expensive. This, in turn, intensifies the
impact and can even alter the propagation of a given shock. The model of Bernanke et al. (1999), however,
includes other distortions—in particular, it includes standard New Keynesian frictions such as monopolistic
competition and nominal price rigidities.

I adopt the model of Bernanke et al. (1999) for its tractability and intuitive economic appeal. Also,
because financial intermediation plays a key role in funding investment—a connection that I want to explore
further in light of the investment collapse observed in the U.S. data during the 2007 recession.? The model
shares an important characteristic with the framework of collateral borrowing constraints articulated by
Kiyotaki and Moore (1997) in that asset price movements serve to reinforce credit market imperfections.
Fluctuations on the value of capital contribute directly to volatility in the leverage of the borrowers. This
feature is missing in the Carlstrom and Fuerst (1997) framework which also builds on the idea of ‘costly state
verification’, as noted by Gomes et al. (2003). Another difference between the Carlstrom and Fuerst (1997)
and Bernanke et al. (1999) environments is that financial intermediation is intratemporal in the former and
intertemporal in the latter.?

The model of Bernanke et al. (1999) is populated by households and entrepreneurs, a variety of firm
types (capital producers, wholesale producers, and retailers) as well as financial intermediaries (banks) and
a central bank entrusted with the conduct of monetary policy. Households own all capital producing firms,

retailers and banks. Capital producers determine a relative price for investment goods, and are subject to

2The literature has investigated other roles of financial intermediation: for instance, funding the wage bill instead of the
capital bill (see, e.g., Carlstrom and Fuerst (2001)). The financial accelerator model of Bernanke et al. (1999) has the potential
to amplify the effects of a shock, but by constraining capital accumulation, it can affect the propagation of shocks as well.

3Faia and Monacelli (2007) and Walentin (2005) provide a comparative analysis of the Bernanke et al. (1999) and Carlstrom
and Fuerst (1997) models.



technological constraints in how they can transform final output into productive capital that can be used to
produce wholesale output.

Retailers are separated from wholesale producers in order to introduce differentiation in the wholesale
goods, and add nominal rigidities into the model. Wholesale producers are formed and operated by en-
trepreneurs. The capital returns they generate tomorrow with today’s allocation of capital are paid net of
borrowing costs as dividends back to the entrepreneurs if there is no default. Capital returns on wholesalers
are subject to idiosyncratic shocks that affect the revenue stream for the entrepreneurs who own them.
Therefore, entrepreneurs are exposed to bankruptcy risk on the wholesale firms which occurs whenever capi-
tal returns fall short of the required loan repayment. In that case, the entrepreneurs lose the capital returns
and the undepreciated stock of capital on the defaulting wholesalers.

The financial system intermediates between the households and the entrepreneurs. Banks are risk-neutral
firms facilitating loans to the risk-neutral entrepreneurs who borrow to fund the stock of capital they need for
wholesale production. Entrepreneurs are more impatient than households, dying out at an exogenous rate,
and that motivates them to borrow. Entrepreneurs’ deaths also prevents them from accumulating enough
net worth (internal funds) to be able to self-finance their capital holdings every period.

Capital returns are determined by the marginal product of capital and the capital gains on the value
of the assets (the capital), but also by the realization of an idiosyncratic shock which is observable to
the entrepreneurs but not to the financial intermediaries. Banks can only determine the realization of
the idiosyncratic shock and, therefore, the true returns to capital after paying a non-zero monitoring or
verification cost. Loan contracts cannot be made conditional on the realization of the idiosyncratic shock
because they are unobserved by the banks. However, the design of the loans is meant to reduce the costs
associated with this asymmetry of information between the entrepreneurs who own the wholesale firms and
the banks.

Financial intermediaries offer one-period deposits available to households promising the real risk-free rate
and use the funds they are able to raise to make one-period loans available to the entrepreneurs. The implied
loan rate charges a spread over the real risk-free rate—the external finance premium—for banks to cover
the costs of monitoring the defaulting entrepreneurs and any shortfall on loan repayment that may occur.
All entrepreneurs face the same borrowing costs. Ex post there is always a fraction of wholesale producers
with low draws from the idiosyncratic shock that do not generate enough revenue from their capital for the
entrepreneurs to meet the loan repayment, causing them to default.

Ex ante the banks know the distribution of the idiosyncratic shock and can determine the probability of
default and its associated costs under the terms of the loan—even if banks do not know which entrepreneurs
will end up defaulting next period, they know how many defaults to expect. Banks are perfectly competitive
so they structure their loans to cover solely the costs of default (as they face no other costs), and make no
profits on the loans. The expected default rates priced into the loan rates are always confirmed ex post in
equilibrium. Banks supply whatever loan amount is desired by the entrepreneurs under the terms of the
offered loan, and accept any amount that households wish to deposit at the prevailing real risk-free rate. As
a result, ex post banks always break even and distribute zero-profits in every period to the households who
own them.

Finally, a central bank is added which sets monetary policy in terms of a nominal short-term interest rate.
Monetary policy is non-neutral in the short run, irrespective of the capital structure of the entrepreneurs or

the functioning of the loan market. Monetary policy non-neutrality arises as in the standard New Keynesian



framework simply because of nominal rigidities on prices. I modify the model of Bernanke et al. (1999)
to include a more standard monetary policy rule a la Taylor (1993) to characterize the perceived monetary
policy regime over the Great Moderation period. The model is, otherwise, the same one derived in Bernanke
et al. (1999) in log-linear form with only minor simplifications in the timing of pricing decisions and the role
of entrepreneurs’ consumption and government consumption shocks.

The contribution of this paper is not predicated on any theoretical improvement upon what is already
a well-established framework for understanding financial distortions, but it is primarily a quantitative one.
For a conventional parameterization of the model, I provide a careful quantitative evaluation of the ability
(of lack thereof) of this financial accelerator channel to answer questions on the role of monetary policy over
the U.S. business cycle, on the cyclical factors behind the Great Moderation, and on the financial aspects of

the 2007 recession.

Log-linearized Equilibrium Conditions of the Financial Accelerator Model. Since the model of
Bernanke et al. (1999) is quite well-known, I refrain from a detailed discussion of its first principles. This
section describes the log-linearized equilibrium conditions of the model that I use and a frictionless variant—
the RBC counterpart—to make the presentation as compact as possible. As a notational convention, all
variables identified with lower-case letters and a caret on top are expressed in logs and as deviations relative
to their steady state values. Since the model abstracts from population growth and accounts only for
stationary cyclical fluctuations, the endogenous variables are matched whenever appropriate to do so with
observed time series expressed in per capita terms and detrended (or demeaned). Further discussion on the
mapping between the data and the model can be found in the Appendix.

On the demand-side, households are infinitely-lived and maximize their lifetime discounted utility, which
is additively separable in consumption and leisure in each period. Aggregate consumption evolves according
to a standard Euler equation,

¢ =~ By [Ciq1] — 0Ty, (1)

where ¢; denotes real aggregate consumption, and 711 is the Fisherian real interest rate. This consump-
tion Euler equation is fairly standard and implies that the financial frictions do not directly affect the
consumption-savings decision of the households. Financial intermediaries pay the same real risk-free rate on
deposits. The intertemporal elasticity of substitution, o > 0, regulates the sensitivity of the consumption-
savings decision to the Fisherian real interest rate.

The Fisherian real interest rate is defined as the one-period nominal (risk-free) interest rate minus the
expected inflation over the next quarter, i.e.,

o~

Tir1 = e — By [Teqa], (2)

where T; = p; — D¢—1 is the inflation rate, and p; is the consumer price index (CPI). Nominal (uncontingent)
one-period bonds are traded in zero net supply and guarantee a nominal risk-free rate of /Z.\t+1 paid at time
t 4+ 1 but set at time ¢t. Here, E; [] denotes the expectations operator conditional on information available

up to time t¢.



The first-order condition on labor supply from the households’ problem can be expressed as follows,

~

@t*ﬁtzé t+$/ﬁta (3)
where /f;t represents aggregate household labor, and w; is the competitive nominal wage. The Frisch elasticity
of labor supply, ¢ =7 (%) > 0, indicates the sensitivity of the supply of labor to changes in real wages,
ceteris paribus. The parameter 7 corresponds to the inverse of the coefficient of relative risk aversion on
leisure, and H defines the share of hours worked in steady state.*

On the supply-side, there are retailers, capital producers, wholesale producers (owned and operated by
the entrepreneurs), and financial intermediaries. I implicitly assume that the only input required in the
production of retail varieties is the wholesale good. Retailers acquire wholesale output, costlessly differen-
tiate the wholesale goods into retailer-specific varieties, and sell their varieties for either consumption or
investment. Preferences are defined over all the retail varieties, but not directly over the wholesale goods
which are only utilized as inputs in the production of retail varieties.

Each retailer has monopolistic power in its own variety and chooses its price to maximize the expected
discounted value of its current and future profits, subject to a downward-sloping demand constraint. Price
stickiness is modeled a la Calvo (1983), so in each period only a fraction 0 < 1 — a < 1 of the retailers gets
to re-optimize prices.” The CPI inflation dynamics resulting from aggregating over all retail prices are given

by the following forward-looking Phillips curve,

Ao 0 o] + (S220 ) ()

mcy,
«

where I define the real marginal cost as me; = (P — pr) and denote the wholesale output price as pY.
The intertemporal discount factor of the households is 0 < 3 < 1. Under flexible prices, the retailers
intermediate the exchanges in the market for wholesale goods charging a mark-up over marginal costs but
have no discernible impact on the short-run dynamics (i.e., mc¢; = 0) since the monopolistic competition
mark-up is time-invariant. The mark-up, however, still distorts the steady state allocation relative to the
case under perfect competition.

In keeping with the precedent of Bernanke and Woodford (1997), Bernanke et al. (1999) assume that
prices are set prior to the realization of any aggregate time ¢ shock. The timing in Bernanke et al. (1999)
distorts the equilibrium beyond what the monopolistic competition mark-up and Calvo (1983) price stickiness
already do. In turn, I adopt the convention that prices are set after observing the realized shocks at time
t as in Woodford (2003). The model solution then approximates the case where prices equal a mark-up
over marginal costs in the limit when only an arbitrarily small fraction of firms o — 0 cannot re-optimize.
This facilitates the comparison between the financial accelerator model and the frictionless model that I

investigate in the paper.

4Total hours worked Hy and hours spent in leisurely activities L; are normalized to add up to one (i.e., Hy + Ly = 1). If
consumption and leisure are additively separable as assumed by Bernanke et al. (1999), and I define the per-period preferences
1 LV''(L)
vi(L) -

over leisure generically as V (L¢), then it follows that in steady state n=1 = —

5The retailers add a ‘brand’ name to the wholesale good which introduces differentiation across varieties and, consequently,
retailers gain monopolistic power to charge a mark-up in their prices. The retailers are not price-takers under this market
structure.



Capital accumulation evolves according to a standard law of motion,
kt+1 ~ (1 — 6) kt + 6./13\“ (5)

where E denotes the stock of capital available at time ¢ and Z; stands for real investment in the same period.
The depreciation rate of physical capital is given by 0 < § < 1. The capital goods producers use the same
aggregate of retail varieties that households consume in the production of new capital. To be consistent
with the convention of Bernanke et al. (1999), I also assume that entrepreneurs buy all capital they need
from the capital goods producers—the period before production takes place—and then sell the depreciated
capital stock back to them after being used for the production of wholesale goods.

Capital goods producers face increasing marginal adjustment costs in the production of new capital,
modelled in the form of an increasing and concave adjustment cost which is a function of the investment-
to-capital ratio.> The technological constraint on capital goods producers implies that the investment-to-
capital ratio (:?t — %t) is tied to the shadow value of an additional unit of capital (or Tobin’s q) in units of

consumption, g, by the following relationship,
Z]}%X(J?t—kt)- (6)

The degree of concavity of the cost function around its steady state, x > 0, regulates the sensitivity of the
investment-to-capital ratio to fluctuations in Tobin’s q. Without adjustment costs (i.e., if x = 0), Tobin’s q
becomes time-invariant, i.e.,

q: ~ 0, (7)

and the investment-to-capital ratio is unconstrained. However, without adjustment costs the financial accel-
erator mechanism in Bernanke et al. (1999) would lose the characteristic that asset price movements serve
to reinforce loan market imperfections.

The wholesale firms employ homogenous labor supplied by both households and entrepreneurs as well
as capital in order to produce wholesale output. Entrepreneurs’ labor is differentiated from that of the
households. All factor markets are perfectly competitive, and each wholesale producer relies on the same
Cobb-Douglas technology in capital and in labor from households and entrepreneurs. Aggregate wholesale

output can be expressed as follows,
G ~ @ + Oky + (1= ¢ = 0) by, (8)

where g; denotes wholesale output, and a; is an aggregate productivity (TFP) shock. The capital share in
the production function is 0 < ¥ < 1, while the entrepreneurs’ labor share is 0 < p < 1 and the households’
labor share is 0 < 1 — ¢ — o < 1.7 Entrepreneurs’ labor is assumed to be inelastically supplied and time-

invariant, so it drops out of the log-linearized production function in (8). The TFP shock follows an AR (1)

6 As in Bernanke et al. (1999), profits of the capital goods producers are of second-order importance and, therefore, omitted.
For more details, see footnote 13 in page 1357.

TAs in Bernanke et al. (1999), the entrepreneurs’ labor share is chosen to be small enough that this modification of the
standard production function does not have a significant direct effect on the aggregate dynamics of the model.



process of the following form,
Zit = paﬁt_l + 5?, 6? ~ N (O,Ui) s (9)

where €7 is a zero mean, uncorrelated and normally-distributed innovation. The parameter —1 < p, < 1
determines the persistence of the TFP shock and o, its volatility.

The competitive real wage paid to households is equal to their marginal product, i.e.,
Wy — Py = Mey + (@\t - ht) . (10)

Entrepreneurs’ real wages—which differ from those of the households—are not needed to characterize the
short-run dynamics of the model, though. Combining the labor supply equation for households in (3) with
the households’ labor demand in (10), I derive a households’ labor market equilibrium condition in the
following terms,
ey + (gjt - ﬁt) EECIOE (11)
o 2
This condition suffices to describe the real marginal costs faced by the retailers, without having to keep track
of any real wages explicitly.
Entrepreneurs operating the wholesale firms buy the capital stock every period from the capital goods
producers at a price determined by Tobin’s g, using both internal funds (that is, their own net worth)
and external loans from the financial intermediaries. After production takes place the next period, the

depreciated stock of capital is sold back to the capital goods producers. Accordingly,
ko —~ ~ N ~ ~
ry ~(1—¢) (mct + (yt - kt)) +€qr — Gi—1, (12)

where the aggregate real return on capital, 7F, is equal to a weighted combination of the marginal product
of capital, mc; + (g?t — Et>, and the re-sale value of the depreciated capital stock (as captured by Tobin’s q),
q:, minus the cost of acquiring the stock of capital from the capital goods producers in the previous period,
Q-1

The composite coefficient in the definition of the returns to capital in (12) is characterized as ¢ =

(W) This composite depends on the gross steady state ratio between the cost of external funding
= R’

for entrepreneurs and the real risk-free rate v (fy; 1) = -5 > 1. Moreover, v (’y; 1) is a function of the steady
state gearing or leverage ratio of the entrepreneurs, v, ! = %, that is the ratio of total assets—the stock of
capital K—over the total real net worth—equity N—of the entrepreneurs. Tobin’s q is equal to 1 in steady
state and, therefore, K corresponds to both the stock of capital as well as its value in units of consumption.

Following the logic of the ‘costly state verification’ framework embedded in Bernanke et al. (1999),
the returns to capital of each wholesale producer are subject to idiosyncratic (independent and identically-
distributed) shocks that are observable to the entrepreneurs but costly to monitor for the financial inter-
mediaries. The idiosyncratic shocks are realized only after capital is acquired for wholesale production and
external loans for funding have been secured. Therefore, such idiosyncratic shocks have a direct impact on
the capital returns that entrepreneurs obtain from allocating capital to wholesale production, but do not
affect the allocation of capital itself to each wholesale producer.

Financial intermediaries raise funds from households by offering deposits that pay the real risk-free rate,



T¢11, and make loans in real terms to entrepreneurs to finance their capital stock. On one hand, the return
on deposits for households is guaranteed and inflation-protected. On the other hand, entrepreneurs can
default on their loan contract obligations, and financial intermediaries can find out about their true capital
returns (that is, learn about the realization of the idiosyncratic shock) only after paying a monitoring or
verification cost. The bank lenders solely monitor the entrepreneurs who default, pay the verification costs
when default occurs, and seize all income revenues obtained from the allocation of capital and the remaining
assets (capital) of the defaulting entrepreneurs.

In equilibrium, the financial intermediaries—which are assumed to be risk-neutral—price into their loan
contracts the probability and costs of default, so an endogenous spread arises between the cost at which
banks fund themselves through deposits from households (the real risk-free rate) and the real cost of external
financing through loans faced by the entrepreneurs. The entrepreneurs—who are also assumed to be risk-
neutral—borrow up to the point where the expected real return to capital equals the real cost of external
funding through loans, i.e.,

Ee [7f 1] & Fer + 0 (@ + ke — ﬁt+1) : (13)

As shown in Bernanke et al. (1999), the external financing premium or spread over the real risk-free rate
demanded by the financial intermediaries, §p, = By [F¥,;] — 7441, is a function of the leverage ratio of the
entrepreneurs in any given period, q; + Etﬂ — N¢41, where N1 denotes the net worth (or equity) of the
entrepreneurs at the end of time ¢ and ¢; + /]i\;t+1 denotes the total value of their assets (the value of their

outstanding stock of capital) also at the end of time ¢.

The composite coefficient in (13) is characterized as ¥ = <UU(_1)> where the parameter v’ ('y;l) =

7,11 > 0 is the first derivative of the external financing premium with respect to the entrepreneurs’
leverage ratio v, ! in steady state. Then, the composite coefficient ¥ can be interpreted as the elasticity of
the external financing premium with respect to the entrepreneurs’ leverage ratio evaluated in steady state.
The lower the entrepreneurs’ leverage in steady state (i.e., the closer v, ! = % is to one), the lower the
associated costs of default (and the smaller the elasticity ) will be.

The balance sheet of the entrepreneurs requires the real value of the stock of capital to be equal to real

net worth (equity) plus the real amount in borrowed external funds (loans), i.e.,
Gt + ki1 = ypiegr + (1 —,) L, (14)

where lAtH denotes the total loans in real terms provided by the financial intermediaries to fund the stock
of capital, %t+1, valued at g; per unit of capital at time ¢. As a result, the leverage or gearing ratio of the

entrepreneurs is simply proportional to the entrepreneurs’ debt-to-equity ratio, i.e.,
G+ T = = (1=7,) (o =) (15)

Hence, the more indebted the entrepreneurs become—or the least equity they have at stake—in any given

period, the more leveraged they are and the costlier it gets for entrepreneurs to fund their desired stock of

8Loan contracts are enforced under limited liability, so the bank cannot appropriate more than the value of the collateral
assets (capital) and earned capital income of the defaulting entrepreneurs. Default takes place before the entrepreneurs earn
any labor income.



capital with bank loans given the capital demand in (13).
Banks are perfectly competitive and real deposits held by households must be equal to the total loanable

funds in real terms supplied to the entrepreneurs in every period t, i.e.,
lt ~ dt, (16)

where c?t represents the real value of the households’ deposits. Given the simplicity of the balance sheet of the
banks, it can be said that the model of Bernanke et al. (1999) is silent about the bank lending channel and
in turn places all the emphasis on the borrowers-side. Hence, the external finance premium is unaffected by
the characteristics of the lenders, and only depends on the characteristics of the borrowers (more specifically,
on the leverage of the entrepreneurs). I leave for future research the extension of the model to incorporate
an economically-relevant bank lending channel.

The aggregate real net worth of the entrepreneurs accumulates according to the following law of motion,

ﬁt_}rl ~ (Cﬁil’y;l) (ﬁ — ?t) +?t +ﬁt + ...

~ 7
(0 (t) = D)7t (7 + Goa +Fe) + & (0 (321) 87 = (1= 8)) 722 + e, "

where 0 < ¢ < 1 is interpreted as a survival rate for entrepreneurs in the same spirit as Bernanke et al.
(1999). Households’ consumption and savings are governed by the standard consumption Euler equation

described in (1), but the entrepreneurs’ consumption ¢ is simply proportional to their net worth 7,1, i.e.,

Cp a1, (18)
plus a term of second-order importance that drops out from the log-linearized model.

Equation (17) indicates that the real net worth (or equity) of the entrepreneurs, n;11, accumulates over
the previous period real net worth, n;, at the real risk-free rate, 7;, plus a retained share of the capital
returns net of borrowing costs which is proportional to the real capital return relative to the real risk-free
rate, 7¢ — 7y. The fraction of net real capital returns retained is a function of the steady state gearing or
leverage ratio v, !, the steady state real interest rate /3 ~!. and the survival rate of the entrepreneurs ¢. The
law of motion for net worth in (17) also includes a variety of additional terms of lesser importance under
standard parameterizations—partly related to entrepreneurial labor income.

Entrepreneurs are risk-neutral and discount the future at the same rate [ as households. The assumption
that a fraction of entrepreneurs (1 — ¢) dies out in every period and gets replaced by the same proportion
of new entrepreneurs without any net worth of their own—but with some labor income—introduces entry
and exit in the model. In that case, the effective discount rate for entrepreneurs 8¢ < § is lower than that
of households. Entrepreneurs, who are more impatient as a result, borrow to fund the acquisition of capital;
households save the loanable funds through riskless deposits with the risk-neutral financial intermediaries.

Entrepreneurs have an incentive to borrow, but also to delay consumption and accumulate net worth
(equity) in order to retain more of the high returns on capital that can be obtained using internal funds.
This is because the opportunity cost of internal funds is given by the risk-free rate 7, which is lower than
the implied loan rates from the financial intermediaries. The assumption that a fraction of entrepreneurs
(1 —¢) dies out in every period, therefore, is also meant to preclude entrepreneurs from becoming fully

self-financing over the long-run since that would eliminate the need for external finance through banks and
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kill the financial accelerator channel.

The resource constraint can be approximated as follows,
Ut = YeCr + Y Zt + Ve G (19)

where 0 < 7. < 1 denotes the households’ consumption share in steady state, 0 < v, < 1 is the investment
share, and 0 < 7. < 1 is the entrepreneurs’ consumption share. By construction, it must be the case
that v, =1 — 7, — V... The investment share is a composite coefficient of the structural parameters of the

: — SK __ P _ 0 . o g sps
model given by v, = 63 =6 M(U(%l)ﬁl(l&))) where 4 = 75 > 1 is the monopolistic competition

mark-up and 6 > 1 is the elasticity of substitution across retail varieties. Monopolistic competition distorts
the dynamics of the model through the resource constraint in (19) because the mark-up lowers the long-run
investment share and increase the share of consumption. Similarly, the investment share is also distorted by
the gross steady state ratio between the cost of external funding for entrepreneurs and the real risk-free rate
v (fy,,‘L 1) = %k. The higher the ratio between these two rates, the lower the investment share will be.

The entrepreneurs have been largely modeled as in Bernanke et al. (1999), but I depart from them in
one respect: instead of assuming that dying entrepreneurs consume all their entire net worth and disappear,
I assume that they consume only an arbitrarily small fraction as they exit the economy while the rest is
transferred to the households. This does not change the entrepreneurs’ consumption relationship with net
worth described in (18), but it affects the entrepreneurs’ consumption share in steady state 7. and the
resource constraint in (19). The steady state share . under this alternative assumption is chosen to be
very small such that the entrepreneurs’ consumption does not have a significant direct effect on the model
dynamics.

As discussed in Christiano et al. (2003) and Meier and Miiller (2006), this assumption suffices to ensure
the objective function of the entrepreneurs is well-defined. It also has the desirable feature that entrepre-
neurs’ consumption—which is an artifact of the heterogeneity across agents needed to introduce borrowing
and lending—is almost negligible and, therefore, that total consumption is essentially pined down by the
households’ consumption and governed by the standard Euler equation from the households’ maximization
problem.

The resource constraint in (19) abstracts from the consideration of the resources devoted to monitoring
costs, as those ought to be negligible on the dynamics of the model under standard parameterizations
according to Bernanke et al. (1999). It also equates final aggregate output of all varieties for consumption
and investment purposes with the wholesale output that is used as the sole input in the production of each
retail variety.

In Bernanke et al. (1999) government consumption is modeled as an exogenous shock which detracts
resources from the resource constraint. I simplify the financial accelerator model by excluding government
consumption entirely. I contend that eliminating government consumption shocks does not fundamentally
alter the financial accelerator mechanism developed in Bernanke et al. (1999) or the dynamics of the model
in response to monetary and TEFP shocks since fiscal policy is not fleshed out beyond the exogenous impact
of this government shock on aggregate demand. In turn, I focus my investigation primarily on the traditional

main driver of the business cycle (aggregate TFP) and on the connection between lending and monetary
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policy.? I leave the investigation of the role of fiscal policy and its interplay with loan market imperfections
for future research.

Another important departure from the original model set-up comes from replacing the monetary policy
rule of Bernanke et al. (1999) with a more standard specification. In line with most of the current literature,
I assume that the central bank follows a conventional Taylor (1993)-type reaction function under a dual
mandate that adjusts the short-term nominal rate, ,’L'\t, to respond to fluctuations in inflation, 7, and some
real economic activity measure of the business cycle, y;. Thus, monetary policy is determined by the following
general expression,

€24+R1 =piit P+ (1-p;) (0Tt + Oy Tt] + e, (20)

where the policy parameters ¢, > 1 and ¢, > 0 regulate the sensitivity of the policy rule to inflation and
output fluctuations, and 0 < p, < 1 is the interest rate smoothing parameter. I use the annualized short-term

interest rate as the relevant policy instrument, i{‘R, ie.,

AR N 4y (21)
The monetary policy shock, My, follows an AR (1) process that can be represented as,
my = p,,Mi—1+er, ' ~N (0, O’il) , (22)

where 7" is a zero mean, uncorrelated and normally-distributed innovation. The parameter —1 < p,, < 1
determines the persistence of the policy shock and the parameter o,, > 0 its volatility. I assume that
monetary and TFP shocks are uncorrelated.

In keeping with Taylor (1993)’s original prescription, I consider a specification where the inflation rate
is measured over the previous four quarters, (p; — pi—4), and real economic activity over the business cycle

is tracked with output in deviations from its steady state, ;, i.e.,

Yy =~ Ui (23)

Ty (Pt — Pt—a) =T + Tyt + Ty—o + T3, (24)

Q

I also experiment with an alternative specification of the policy rule in which (p; — pr—4) is replaced with

. ~AR .
the annualized quarter-over-quarter rate, 7; ', i.e.,
~ ~AR ~
Ty AT, R~ AT (25)

The inflation rate in (25) is consistent with how the Taylor rule is specified in most quantitative and theoret-

ical models, but is not the preferred measure of inflation in Taylor (1993).! Another alternative conception

9To make the data consistent with the model, however, output is measured as private market output (excluding government
compensation of employees).

10The rule of Bernanke et al. (1999) characterizes monetary policy in the following form,
i1 = piit + (1= p) Yt + . (26)

This feedback rule assumes monetary policy is inertial and inflation rates is quarter-over-quarter, but that policymakers do not
respond to output at all (i.e., Y, = 0).

12



of the monetary policy reaction function that I do consider here respond to deviations of output from its
potential, T, i.e.,
B~ (27)

rather than to deviations of output from its long-run steady state (i.e., 3;). The output gap Z; = 4 — U;
measures the deviations of output 7; from potential 7" where the potential is defined as the output level
that would prevail in the frictionless model (abstracting from monopolistic competition, nominal rigidities

and the financial frictions under ‘costly state verification’).

Nested Models without Nominal Rigidities and/or Financial Frictions. The financial accelerator
mechanism developed in Bernanke et al. (1999) is integrated into an otherwise standard New Keynesian
model that features nominal rigidities—that is, price stickiness and monopolistic competition—as well. The
combination of both frictions constitutes my benchmark—which I refer to as the BGG model. In investigating
the amplification and propagation effects of the financial accelerator mechanism over the business cycle, I need
to establish a reference for what would have happened otherwise without these two frictions. The frictionless
allocation abstracting from nominal rigidities and financial frictions—which reduces the BGG model to a
standard Real Business Cycle (RBC) economy—offers a natural point of reference for the assessment.

Up to a first-order approximation, the dynamics of the RBC model without frictions differ from those of
the financial accelerator model only in the specification of a small subset of the log-linearized equilibrium
conditions described before. Hence, the RBC variant of the model can be easily nested within the framework
of Bernanke et al. (1999).

Moreover, the financial accelerator also nests other economically-relevant variants that strip down either
financial frictions or nominal frictions alone. Abstracting from each friction separately conveys useful in-
formation to quantitatively asses the contribution of each friction and the interaction between them in the
set-up of Bernanke et al. (1999). The specification variant that eliminates solely the financial friction reduces
the BGG model to a Dynamic New Keynesian (DNK) one. In turn, the specification that assumes flexible
prices and perfect competition—without nominal rigidities—can be interpreted as an RBC model augmented
with financial frictions. I refer to this latter variant of the BGG model as the Financial Accelerator (FA)
model.

The Phillips curve equation in (4)—which emerges under Calvo price stickiness—and the resource con-
straint in (19) are two of the equilibrium conditions that need to be modified under the assumption of
flexible prices and perfect competition. The allocation abstracting from nominal rigidities and monopolistic
competition mark-ups can be obtained simply assuming that: (a) the Phillips curve in (4) is replaced with
a formula that equates real marginal costs me; to zero since under flexible prices and perfect competition
the price charged by retailers must be equal to its marginal costs; and (b) the monopolistic competition
(gross) mark-up is set to 1 (i.e.,, g = 1) in the resource constraint in (19) given the assumption of perfect
competition. The changes postulated in (a) and (b) are needed for the RBC and FA variants of the model,
as they both abstract from nominal rigidities.

Equation (13), which determines the optimal capital allocation, is another one of the equilibrium condi-
tions that needs to be changed whenever state-contingent loans can be used to diversify away all idiosyncratic
risks under the additional assumption of perfect information among borrowers and lenders. In that case,

the allocation abstracting from financial distortions and inefficiencies can be obtained assuming that: (c)
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the gross external finance premium in steady state is set to 1 (i.e., v (y,') = 1) in equations (12) and (13)
which implies that the borrowing cost is equal to the opportunity cost (the cost of internal funds) given by
the real risk-free rate; and (d) the elasticity of the external finance premium relative to the entrepreneurs’
leverage ratio evaluated in steady state is set to 0 (i.e., v/ (’yg 1) = 0 or ¥ = 0) which eliminates the spread
between real borrowing rates and the real risk-free rate in equation (13). The changes required under the
terms of (c) and (d) are necessary to implement the frictionless allocation of the RBC model in addition to
(a) and (b). Conditions (c¢) and (d) are also needed in the standard DNK model set-up.

Assumptions (a) and (b) eliminate the standard New Keynesian distortions, while assumptions (c) and
(d) ensure that it becomes efficient and optimal to accumulate capital to the point where the expected real
return on capital equals the real risk-free rate. However, the role of the entrepreneurs’ must also be recon-
sidered in the frictionless RBC and in the DNK cases as it becomes negligible for the aggregate dynamics.
Entrepreneurs’ consumption and labor income are already negligible by construction.!! Absent financial fric-
tions, entrepreneurs’ aggregate characteristics do not matter for the determination of the investment path
either. The leverage of the entrepreneurs (the borrowers) and their net worth (equity)—which is a state
variable given by equation (17)—become irrelevant to set the borrowing costs and, therefore, the demand
for capital. Hence, entrepreneurs’ can be dropped without much loss of generality whenever the financial
friction is eliminated.

Why does the model of Bernanke et al. (1999) incorporate entrepreneurs anyway? The financial accelera-
tor model distinguishes between two types of economic agents, households and entrepreneurs. Entrepreneurs
are risk-neutral agents which decide on the capital to be accumulated for the purposes of wholesale produc-
tion and on how to finance that stock of capital with a combination of internal funds (net worth or equity)
and external borrowing. The households are savers originating the external funds that are intermediated
by the banks and eventually borrowed by the entrepreneurs. These two types of agents characterize the
borrowers and savers of the economy, respectively.

Absent any financial distortions, the funding costs between internal and external sources must be equal-
ized and given by the real risk-free rate. The predictions of the Modigliani-Miller theorem in a sense are
restored and how the capital stock is funded should not matter for the aggregate dynamics of the economy.
Therefore, the distinction between savers and borrowers becomes irrelevant for the allocation when the cap-
ital structure is undetermined—after all, funding from internal or external sources costs basically the same
and should not affect the capital demand or any other economic decision.

Given the negligible impact of the entrepreneurs, the frictionless allocation of the RBC model and the
DNK set-up can be approximated under the additional simplifying assumption that: (e) entrepreneurs can
be ignored entirely by imposing ¢ = 0 and v,. = 0 in order to derive the first-best allocation in the RBC
case or the standard DNK solution. The simplification introduced in (e), which abstracts from entrepreneurs
altogether, is of little quantitative significance to describe the dynamics of either variant of the model, but
it has the advantage of reducing the number of state variables since tracking the entrepreneurs’ net worth
as in equation (17) is no longer needed.

These modifications and simplifications of the financial accelerator model of Bernanke et al. (1999) suffice

to characterize an approximation to the frictionless RBC allocation with flexible prices, perfect competition

I The labor share of entrepreneurs in the production function is small by assumption (guarantees the entrepreneurs only a
small income stream in every period). The steady state consumption share of the entrepreneurs is small by assumption too.
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and no-financial accelerator. This approximation of the frictionless model defines the notion of potential for
the economy as it abstracts from all frictions. Together with the DNK and FA variants, it also provides the
basis on which to assess the contribution to account for the U.S. business cycle of the financial distortion and
the New Keynesian frictions (monopolistic competition and nominal rigidities) embedded in the Bernanke
et al. (1999) model.

3 Model Parameterization

3.1 Structural Parameters

In this section I describe the choice of the parameter values summarized in Table 1. The values for the taste
and technology parameters that I use are fairly standard in the literature, and keep the model comparable to
that of Bernanke et al. (1999) also in its parameterization. I assume that the discount factor, 3, equals 0.99,
which implies an annualized real rate of return of 4%. The intertemporal elasticity of substitution, o, and
the preference parameter o