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Chapter 2

Financial Innovation and
Firm Debt over the
Business Cycle

2.1 Introduction
Recent decades have been marked by rapid developments in the financial sector,
caused by both financial innovation and deregulation.1 A natural question to
ask is how these developments have influenced the business cycle, in particular,
could financial innovation be the reason why business cycles became less severe
during the Great Moderation?2

Given the events during the recent financial crisis, one could argue that
financial innovation has not been beneficial but harmful for business cycles.
Although it is difficult to deny the harmful effects, the verdict that financial
innovation has only been bad for business cycles may be too harsh. For example,
it may be the case that financial innovation helped to dampen shocks and smooth
business cycles when shocks were small. The price for this benefit enjoyed during
more moderate times seems to have been a greater fragility and an increased risk
of a major collapse when a large shock hits. If there were benefits of financial
innovation, then one should be careful when designing future policies in order
not to destroy these benefits. This view is also held by some prominent policy
makers. For example:

1What is usually meant by financial innovation is the introduction of something new, for
example new financial instruments (such as credit derivatives). Deregulation usually means
the removal of administrative barriers (e.g., permission of interstate banking, abolition of
deposit ceilings, etc.).

2The Great Moderation is the term used for the period between the mid-eighties to the
beginning of the recent recession (the Great Recession). Business cycle fluctuations during
this period were relatively mild compared to those observed before the Great Moderation.

7



Financial Innovation and Firm Debt over the Business Cycle

“To be clear, I do not deny that financial liberalisation and financial inno-
vation over the past two decades have made important contributions to the
overall productivity of our economies. For example, the securitisation of as-
sets - the transformation of bilateral loans into tradable credit instruments -
had tremendous potential for the diversification and efficient management of
economic risk." (Trichet, 2009, p.2)

The purpose of this chapter is to investigate whether those benefits of finan-
cial innovation that supposedly were present during the pre-crisis period were
really there. The issue at stake is how much would be thrown away if the deci-
sion was taken to re-regulate the financial sector in order to reduce the risk of
another major crisis.

Before the onset of the current crisis, the belief that financial innovation and
deregulation helped to reduce frictions in lending, which in turn dampened the
volatility of output, was quite common.3 Most of the literature investigating
the impact of financial innovation on the business cycle has focused either on
consumer and housing finance (Campbell and Hercowitz, 2005, den Haan and
Sterk, 2009) or on monetary policy (Cecchetti and Krause, 2001, Boivin and
Giannoni, 2002 and 2006). One view is that, after financial innovation and
deregulation, financial intermediaries are able to fulfill their role during economic
downturns more efficiently, which helps to stabilise the economy. A related view
is that changes in the financial sector have an impact on the ability of monetary
policy to stabilise the economy (for instance Cecchetti and Krause, 2001).

A typical way to investigate the effect of financial innovation on business
cycles is to split the time series into two subsamples and look at the uncondi-
tional comovement between debt and a measure of real activity. For example,
Campbell and Hercowitz (2005) have done this for household borrowing and
hours worked and found that the correlation between these variables has fallen
considerably.

As pointed out by den Haan and Sterk (2009), the comovement between
two variables is affected by many different shocks and not all of them cause
variables to move in the same direction. A reduction in the comovement could
then be the result of a change in the relative importance of those shocks that
generate the positive comovement. Conditioning on a shock can therefore make
the analysis more precise. A framework that allows conditioning on shocks is
a vector autoregressive model (VAR). This framework allows a researcher to
investigate the dynamic impulse response functions (IRF) of each variable to a
particular shock and to decompose the covariance between two variables into
contributions of different shocks.

The aim of this chapter is to focus on firms. The idea is to investigate
whether the changes in the behaviour of firm debt are consistent with the hy-

3Examples of papers exploring the topic are Campbell and Hercowitz (2005), Dynan,
Elmendorf, and Sichel (2006), Cecchetti, Flores-Lagunes, and Krause (2006), Boivin and
Giannoni (2002 and 2006), Jermann and Quadrini (2006), and many others.
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pothesis about how financial innovation has contributed to the moderation of
the business cycle.4

The financial innovation hypothesis has four implications for firm debt and
output. First, the comovement between firm debt and output should decrease
after financial innovation. Second, during an economic downturn the decrease
in output should be larger before than after financial innovation. Third, the
decrease in firm debt during an economic downturn should be larger before
financial innovation than after it. Finally, firm debt should affect output. An
additional hypothesis that financial innovation has enabled firms to use debt
more effectively to finance inventories is also investigated.

To rule out alternative hypotheses, the chapter considers two alternative
explanations. The first alternative explanation is that firm debt follows output.
The second alternative explanation is that changes in the way monetary policy
is conducted are the reason for the Great Moderation.

The empirical strategy is to start by examining the more general statistics
(levels, trends, unconditional moments) and then to investigate the shocks that
drive the changes in these statistics. The VAR framework is used to examine
the changes in the impulse response functions of firm debt and output in two
subsamples and to establish whether the results are consistent with the implica-
tions of the financial innovation hypothesis. The same analytical framework is
used to decompose the covariance between firm debt and output and to explain
which shocks drive their comovement. The results should show whether the
observed changes are consistent with the financial innovation hypothesis or not.

The main finding of the chapter is that the evidence conditional on the mon-
etary policy shock is consistent with the empirical implications of the financial
innovation hypothesis. The evidence based on the shock to the real activity is
less favourable. There is no support in the data for either of the alternative hy-
potheses. The data do indicate that firm debt and inventories are more closely
linked after financial innovation.

The most prominent result is that there has been a change in the behaviour
of firm debt and output after an unexpected monetary tightening. Before 1980,
an unexpected monetary tightening is followed by a significant decrease in firm
debt, while after 1985 it is followed by a significant increase. Moreover, output
used to fall sharply and significantly after a monetary tightening, but this does
not seem to be the case after 1985. The response of output to an unexpected
monetary tightening is almost flat in the second subsample that starts in 1985.
Monetary policy shocks used to be important drivers of the positive comovement
between firm debt and output, but their contribution to the comovement has
become negligible in the second subsample. These findings - conditioned on a
monetary policy shock - are consistent with the financial innovation hypothesis.

The results conditional on the real activity shock are less favourable for the
financial innovation hypothesis. The response of firm debt to a negative real
activity shock is negative in both subsamples and is stronger in the second

4It would be interesting to look at equity financing, but getting good data on equity
financing is more difficult.
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subsample. Shocks to real activity are particularly important drivers of the
comovement between firm debt and output, and their role has not diminished
in the second subsample. These findings are not consistent with the financial
innovation hypothesis.5

The results regarding the effect of firm debt on output are somewhat more
favourable. There is no evidence that a positive shock to firm debt has a positive
influence on output in the first subsample. In contrast, for the second subsample
the results are consistent with the hypothesis that an increase in firm debt
stimulates output. This change in the relation between firm debt and output is
consistent with the financial innovation hypothesis.

To examine whether an alternative explanation of these empirical findings
is plausible, two alternative hypotheses are investigated. The first alternative
hypothesis states that the change in the debt response following a monetary
tightening is due to the change in the output response. The evidence from
the counterfactual experiments suggests that this is not the case. For example,
when the response of output to a monetary tightening in the second subsample
is counterfactually made to decrease sharply, the firm debt response still remains
positive.

The second alternative hypothesis states that the change in the way mon-
etary policy is conducted is the reason for the observed changes in debt and
output responses. Again the evidence suggests that this is not the case. If the
monetary policy coefficients from the second subsample are used in the VAR
estimated over the first subsample, the responses of both debt and output to a
monetary tightening become even more negative. If the monetary policy coeffi-
cients from the first subsample are used in the second subsample, the response
of debt to a monetary tightening becomes more positive and the response of
output less volatile. The data therefore do not support the hypothesis that the
reason for the changes in the debt and output responses is the change in the
way monetary policy is conducted.6

Finally, an attempt is made to delve deeper into the transmission of the
effects of financial innovation and to investigate the link between firm debt and
inventories. The idea is that greater availability of finance during economic
downturns has enabled firms to use borrowing more effectively to finance a tem-
porary increase in inventories.7 The evidence indicates that output, inventories
and firm debt decrease after a monetary tightening in the first subsample. In
the second subsample, both firm debt and inventories increase after a mone-
tary tightening. Moreover, if the debt response to a monetary tightening in the
second subsample is counterfactually held constant, then the increase in inven-

5Note that the real activity shock is a reduced-form shock, whereas the monetary shock is -
under the relatively standard identification assumptions adopted in this chapter - a structural
shock.

6The evidence from such counterfactual experiments is subject to several criticisms (in
particular to the Lucas critique) and should therefore be taken with caution.

7If firms attempt to sustain the level of production even if demand slows down, inventories
will increase. This is possible as long as firms are able to borrow. If financial innovation has
improved the ability of firms to borrow, they would be able to sustain a more prolonged
increase in inventories.
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tories disappears. This suggests that inventories in the second subsample have
become more closely linked to firm debt.

The remainder of this chapter is organised as follows: section 2 describes a
standard financial innovation hypothesis and its implications; section 3 presents
the data and methods used; section 4 looks at the unconditional moments;
section 5 investigates the impulse response functions and conditional moments;
section 6 provides a more thorough analysis of the relation between output and
firm debt; section 7 investigates an alternative hypothesis, namely that changes
in the debt and output responses are driven by the change in the way monetary
policy is conducted; and finally, section 8 investigates whether the increase in the
responses of firm debt and inventories following a monetary tightening observed
in the second subsample are related.

2.2 Financial innovation hypothesis
There are many theories about the channels through which financial innovation
could have affected business cycles. An intuitive way to think about the effect of
financial innovation and deregulation on the real economy would be to consider
a firm that finds itself in a temporary economic downturn. Its sales fall, so it
cannot generate as much cash flow as it used to do. Such a firm has two options:
to cut back on production (e.g. by firing employees) or to maintain the scale
of operations and temporarily borrow more in order to weather the downturn.8
The second option may be viable only if external financing is available. Financial
innovation is supposed to have increased the availability of external financing
to firms, enabling them to smooth production. Figures 2.1 and 2.2 display the
responses of output and debt after a contractionary shock both before and after
financial innovation according to this simple way of thinking about financial
innovation.

8Firms could also sell some financial assets.
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Figure 2.1: Change in the output response consistent with the financial innova-
tion hypothesis
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Figure 2.2: Change in the debt response consistent with the financial innovation
hypothesis
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In line with the intuition outlined above, the following set of observations
would be consistent with the standard financial innovation hypothesis:

• Financial innovation leads to a reduction in the comovement between the
cyclical components of firm debt and output.

• During an economic downturn, output decreases by more before financial
innovation than after it.

• During an economic downturn, firm debt decreases by more before fi-
nancial innovation than after it. It might even increase after financial
innovation.

• Firm debt affects output, at least to some extent.

As for the third point in the list above, it is important to emphasize that it
is enough that after financial innovation debt decreases by less than it decreased
before. It is not necessary that debt increases during an economic downturn.

Even if it is possible to find empirical evidence for the entire set of obser-
vations consistent with the financial innovation hypothesis, this does not yet
constitute a proof that financial innovation had a favourable impact on the
cyclical behaviour of output. It is possible that a completely different theory
leads to the same set of empirical implications. Nevertheless, it is still useful
to know whether there have been changes that are consistent with the financial
innovation hypothesis.

2.3 Data and methods

2.3.1 Data sources
The key variables are real U.S. GDP and real firm debt. Firm debt data are from
the US Flow of funds accounts and span the period from 1954Q3 to 2009Q1.
GDP and GDP deflator are from the national accounts and cover the same
period. The sector for which firm debt is examined is the nonfarm nonfinancial
corporate sector.

The debt series used in the analysis is labeled as ‘total debt’ (or sometimes as
‘firm debt’) and is the sum of bonds, mortgages, municipal securities, bank loans,
other loans and advances, and commercial paper. These series comprise virtually
all identifiable sources of firm debt financing and thus represent a comprehensive
measure of borrowing of the nonfarm nonfinancial corporate sector. The reason
for using this measure is that it is a good proxy for those debt components
that can be actively managed by the firm when it attempts to raise additional
funds. Because the focus of the analysis is total funds obtained by firms through
debt financing, it is not important (in terms of the typical financial innovation
hypothesis) whether debt financing has come from bank loans, bonds or some
other source. What is important is if the behaviour of total firm debt has
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changed and not the behaviour of its components. Changes in the structure of
firm debt are the subject of the next chapter.9

2.3.2 Levels and trends
To see how large this comprehensive measure of firm debt is and how it evolved
over time, it is useful to look at its magnitude relative to GDP. Figure 2.3 plots
firm debt as a proportion of GDP over time. Both the level of firm debt as well
as its share in GDP have increased considerably over the last thirty years. In
the beginning of the sample, in 1954Q3, total debt was 24.7% of GDP, and at
the end of the sample, in 2009Q1, total debt as a fraction of GDP more than
doubled to 51.2% of GDP. Note that the proportion of firm debt in GDP has
been rising throughout the sample, and somewhat more rapidly after 1981.10
Note also the sharp increase in the volatility of the ratio of firm debt to GDP.

Figure 2.3: Firm debt as a proportion of GDP
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2.3.3 Choice of subsamples
The empirical strategy of this chapter is to estimate a VAR over two subsamples
and investigate whether the behaviour of some variables has changed. To do

9More detail on the series used can be found in appendix 2.C.
10The change in the proportion of firm debt in GDP could to some extent also be due to

the composition effect, because, loosely speaking, more ‘small’ firms have become ‘corporate’.
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this, it is necessary to split the data into two subsamples. There is no clean and
unambiguous way to do this. The process of financial innovation and deregula-
tion was gradual and took place in many steps, so it is impossible to point at a
particular date that splits the sample in two subsamples.

The approach adopted here is pragmatic: after examining some general prop-
erties of data (see section 2.3.2 and section 2.4) and following some commonly
proposed dates in the literature, the data were split as follows: the first sub-
sample (the early period) is from 1954Q3 to 1978Q4 and the second subsample
(the late period) is from 1985Q1 to 2009Q1. In this way, the two subsamples
are separated by several years and both subsamples exclude the volatile Volcker
period. This separation is also consistent with what other authors propose to
be a structural break (for instance, McConnell and Perez-Quiros (2000), and
Kahn et al. (2002) and follows the approach adopted by den Haan and Sterk
(2009)).

2.3.4 VARs and the identification scheme
The main tool used in this and the next chapter is an estimated structural VAR.
The basis is the following reduced-form VAR equation:

Yt = c+ t+Dt +A1Yt−1 + ...+AqYt−q + ut, (2.1)

where c is a constant, t is a linear trend, Dt is a vector of quarterly dummies,
Yt is a vector of endogenous variables (including a policy instrument) and ut is
a reduced-form error term. More precisely, Y ′t = [X ′1,t, rt, X

′
2,t], where X1,t is

a vector of variables whose current values are in the central bank’s information
set (and the central bank can respond to them), X2,t is a vector of variables
whose current values are not in the central bank’s information set, and rt is
the policy instrument.11 The above equation is estimated with all variables in
levels by means of ordinary least squares (OLS).12 The benchmark VAR uses a
constant, a linear trend and quarterly dummies as exogenous variables, and 4
lags of endogenous variables.13

Identification

In order to transform the reduced-form VAR to a structural VAR, one has to
assume some relation between the reduced-form errors, ut, and the structural
shocks, εt. Assuming that this relation is linear, it can be written as follows:

ut = Aεt, (2.2)
11It is assumed that all lagged values are in the central bank’s information set.
12Estimating a VAR in levels yields consistent estimates even if variables are (co)integrated,

provided that enough lags are included to ensure that residuals can be stationary.
13The results are robust to other specifications, see appendix 2.B.
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where A is a matrix that relates structural shocks to reduced-form shocks. Struc-
tural shocks are by definition uncorrelated with each other and are assumed
to have a unit variance. Therefore the covariance matrix of the reduced-form
shocks, Σu, can be written as:

Σu = E[utu
′
t] = AA′. (2.3)

The elements of the matrix A are not known. If k is the number of variables
(and hence the number of reduced-form errors in ut), then matrix A has k2 ele-
ments. From equation 2.3 one can obtain k(k+1)/2 conditions to identify the k2

elements of A. Therefore, k(k− 1)/2 additional restrictions are required. There
are many ways to obtain these additional restrictions. The standard practice,
which is also used in this chapter, is to compute the Cholesky decomposition of
Σu and thus assume that the matrix A is triangular, which gives the missing
k(k − 1)/2 restrictions. In principle, this identifies all ‘structural’ shocks, but
the identification depends on the ordering of the variables. However, Christiano,
Eichenbaum, and Evans (1999) have shown that in order to identify the mon-
etary policy shock, it is enough to assume that A is block-triangular, i.e., that
the ordering of variables within X ′1,t and X ′2,t is not important.14

Monetary policy shock. This chapter follows the standard approach and
assumes that the federal funds rate is the instrument used by the central bank
(see Bernanke and Blinder, 1992).15 Because the data are quarterly, it is as-
sumed that the central bank can react contemporaneously to all other variables
used in the VAR. In terms of the above notation, this means that Y ′t = [X ′1,t, rt].

Real activity shock. Identifying a meaningful (structural) real activity shock
is more difficult than identifying a monetary policy shock. This is why the la-
bel real activity shock will be used to indicate a shock to real output, without
taking a stand on the structural source of this shock. Interpretation of such
a shock is difficult and this should be taken into account when real activity
shocks are discussed. Identification requires additional assumptions. The ap-
proach adopted here relies on A being triangular and the assumption is that
the variables within X ′1,t are ordered as follows: GDP deflator; real output; real
debt; and the federal funds rate.16 The rationale for such an ordering is that
it is likely that firm debt will be the fastest variable to respond to shocks and
inflation will be the slowest variable to respond to shocks.

14This implies that it is not necessary to take a stand on the relation between the remaining
structural shocks (other than the monetary policy shock) and the reduced-form errors in ut.

15The federal funds rate used in this chapter is the average of the daily federal funds rates
during the quarter.

16This ordering is used whenever non-monetary policy shocks are analysed.
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Comovement decomposition

One of the aims of this chapter is to investigate the reasons behind the observed
change in the comovement between firm debt and output. A useful tool is the
comovement statistic proposed by den Haan (2000), which captures the dynamic
aspects of the correlation between two variables and at the same time allows
determination of the importance of different shocks that drive it.

Given the estimated VAR, the covariance between the K-period ahead fore-
cast errors of two variables (xt and yt), COVK(xt, yt), can be written as:

COVK(xt, yt) =

M∑
m=1

COVK,m(xt, yt), (2.4)

where

COVK,m(xt, yt) =

K∑
k=1

ximp,mk yimp,mk . (2.5)

Variables ximp,mk and yimp,mk are the kth-period impulse-responses of vari-
ables x and y to a one-standard-deviation shock to the mth structural shock.
The sign of the product gives an indication whether the two variables move
together after a particular shock or not. The total covariance between two
variables is a sum of the accumulated products for all possible shocks. An im-
portant advantage is that no identification assumption is required to calculate
the covariances at different forecast horizons.17

To obtain a correlation coefficient, the covariances are ‘standardised’ using
the total standard deviations of both variables. By using the total standard
deviations, the sum of ‘standardised’ covariances adds up to the total correlation
coefficient. The procedure to compute these correlations is outlined below.

CORK(xt, yt) =

M∑
m=1

CORK,m(xt, yt), (2.6)

with

CORK,m(xt, yt) =

∑K
k=1 x

imp,m
k yimp,mk

SDxt,KSDyt,K
, (2.7)

where

SDzt,K =

(
M∑
m=1

COVK,m(zt, zt)

)1/2

, for zt = xt, yt.

17Identification assumption is only necessary to decompose the total covariance into con-
tributions of each shock.
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2.4 Unconditional moments
This section investigates changes in the unconditional moments of output and
firm debt over time. As explained in section 2.3.2, the level of debt relative to
output has changed, but this does not imply that its cyclical properties have
changed, too. What is particularly of interest for the financial innovation story
is the (co)movement between the cyclical components of firm debt and output.
To obtain the cyclical component of each series, the data are first seasonally
adjusted,18 transformed to logs, and then HP-filtered (with the smoothing con-
stant set to 1,600). Figure 2.4 below displays the cyclical components of firm
debt and output over the sample period. Shaded areas are recessions (as dated
by the NBER). Because the series are in logs, deviations from zero can be in-
terpreted as percentage deviations from trend.

Figure 2.4: Cyclical components of firm debt and GDP
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Notes: Cyclical components are obtained from the quarterly data using the HP-filter with the
smoothing constant set to 1,600. The shaded areas indicate recessions as dated by the NBER.

The message conveyed by figure 2.4 is that the volatility of total debt relative
to the volatility of output increased substantially after the mid-1980s. Taking
into account that debt is a larger proportion of GDP later in the sample, the
larger volatility of debt means that fluctuations of debt as a proportion of output
have increased even more. A change in the correlation between debt and output

18This was achieved using the X12-ARIMA procedure.
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is not obvious from figure 2.4, but it should be noted that outside the NBER
recessions in particular, debt has often tended to move countercyclically after
1985.

To pinpoint the time of the change in the volatility more precisely, it helps
to look at 20-year rolling-window unconditional volatilities of real debt and
output. These are depicted in figure 2.5 below. The standard deviation of the
cyclical component of total debt is increasing throughout the sample, but tends
to be close to the standard deviation of the cyclical component of output until
around the early 1980s (year 1970 on the x-axis marks the beginning of the 20-
year rolling window from 1970 to 1990). From then on the standard deviation of
output begins to decrease (the standard deviation of output in rolling-windows
starting after around 1970 is smaller), but the standard deviation of firm debt
keeps increasing.19

Figure 2.5: Rolling standard deviations of firm debt and GDP
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Notes: Cyclical components are obtained from the quarterly data using the HP-filter with
the smoothing constant set to 1,600. The x-axis indicates the beginning of the 20-year rolling
window.

Table 2.1 displays unconditional standard deviations in each of the subsam-
ples. Standard deviation of total debt in the first subsample (from 1954Q3 to
1978Q4) is 1.5%, whereas it is 2.7% in the second subsample (from 1985Q1
to 2008Q2). This constitutes an 80% increase in volatility. In contrast, the

19This change in standard deviations is one of the reasons to split the sample in two
subsamples.
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volatility of real output in the first subsample is 1.8% and only 0.9% in the
second subsample, which is a 50% decrease in volatility. Unsurprisingly given
these numbers, the standard deviation of debt relative to that of output has
also increased.

Table 2.1: Standard deviations
Series First subsample Second subsample Ratio

Total debt 1.5% 2.7% 1.8
Real output 1.8% 0.9% 0.5

Notes: The table shows the standard deviations of the cyclical components of each data series,
obtained by detrending the quarterly data with the HP-filter and using the smoothing constant
set to 1,600.

The remainder of this section discusses the correlation coefficient between
firm debt and output. It is again illustrative to look at unconditional correlations
of cyclical components of output and total debt, computed over 20-year rolling
windows. These are depicted in figure 2.6. The correlation first increased,
but at least from the mid-1960s on it gradually fell and the decrease became
somewhat stronger after around 1980. Compared to the change in volatilities,
this reduction in the correlation is not so impressive.

Figure 2.6: Rolling correlations of firm debt and GDP
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Notes: Cyclical components are obtained from the quarterly data by detrending with the
HP-filter and using the smoothing constant set to 1,600. The x-axis indicates the beginning
of the 20-year rolling window.
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The correlation coefficients for firm debt and output in the two subsamples
are shown in table 2.2. The correlation of total debt and output is 0.47 in the
first subsample and 0.38 in the second subsample, which corresponds to a drop
of around 20%. Figure 2.6 shows that this decrease in correlation has been
more intensive since the 1980s.20 This is a similar result to that of Campbell
and Hercowitz (2005) for consumer debt and hours worked, but less strong.21 A
decrease in the comovement as presented in figure 2.6 and table 2.2 is consistent
with the financial innovation hypothesis.

Table 2.2: Correlations
Statistic First subsample Second subsample Ratio

COR(Debt, GDP) 0.47 0.38 0.81

Notes: The table shows the correlations of the cyclical components of each data series, obtained
by detrending the quarterly data with the HP-filter and using the smoothing constant set to
1,600.

All statistics reported in this section are unconditional, i.e., they are the re-
sult of all possible shocks that have affected the business cycle. Key observations
are that the unconditional volatility of total debt has increased substantially,
that the unconditional volatility of output has decreased, and that (abstract-
ing from the sharp initial increase) there has been a gradual decrease in the
correlation of total debt and output. The decline is small, but it is consistent
with the financial innovation hypothesis. However, without further analysis, it
is impossible to attribute these changes to a particular type of shock. It could
be the case that these changes are the result of some shocks becoming more (or
less) important. To examine this issue further, it is necessary to condition on a
particular shock. This is done in the next section.

2.5 Evidence from VARs
This section presents and examines the evidence regarding the financial innova-
tion hypothesis by conditioning on a particular shock. The evidence consists of
dynamic responses of variables to different shocks and the comovement decom-
position of forecast errors.

2.5.1 Responses to shocks
This section investigates the impulse responses to a monetary policy shock, a
shock to real activity, and a shock to firm debt.22 There are several reasons

20The discussion ignores the increase in the correlation coefficient at the beginning of the
sample. It is odd to see such a sharp increase in the correlation coefficient, but because it
covers such a small period of time at the very beginning of the sample, it is disregarded in
the discussion.

21They found a decrease in the correlation coefficient of around 50%.
22For completeness, appendix 2.A documents the impulse responses to a price level shock.
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for focusing on these shocks. First, they are useful in investigating whether the
response of a variable to a shock has changed. Second, the impulse responses
will be used to explain the comovement between debt and output. Third, the
responses to shocks will help to understand more clearly the counterfactual ex-
periments later in the text. In all cases, the benchmark VAR is used. The
shaded areas are 90% confidence regions, computed from the bootstrapped im-
pulse responses.

Monetary policy shock

An attractive feature of looking at a monetary policy shock is that the magnitude
of the federal funds rate response on impact is a good measure of the size of the
underlying structural shock. The reason for this is that the impact response of
the federal funds rate is a direct measure of the actual policy variable. Therefore,
the change of the federal funds rate on impact can be viewed as the magnitude of
the monetary policy shock that has hit the economy. Another attractive feature
is that, if the adopted identification scheme is taken seriously, a monetary policy
shock is a true structural shock. This implies that it is the same type of shock
in both subsamples, which facilitates the comparison of the impulse responses
across the subsamples.

Figure 2.7 below displays the impulse responses of variables in the VAR to a
one-standard-deviation monetary policy shock in each subsample. The impulse
responses in the first subsample look standard: after a monetary tightening,
both firm debt and output decrease significantly, and after a while prices fall
(there is only a slight price puzzle). Debt reaches the trough after about eight
quarters at approximately 0.7% below its initial value, while the output trough
seems to precede that, with the trough 0.5% below its initial value after about
five quarters.

The picture in the second subsample is not as standard. After a monetary
tightening, firm debt increases significantly and the output response is practi-
cally nil and insignificant. A similarly insignificant output response was found
by others (for instance by Boivin and Giannoni, 2002, and den Haan and Sterk,
2009). Prices fall after some delay, but insignificantly.23 The debt response
peaks about 0.5% above the starting value after approximately seven quarters.

23These responses are quite robust. The exception is the output response, which can
in some alternative VAR specifications be slightly positive (but insignificant) in the second
subsample. See appendix 2.B for details.
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Figure 2.7: Impulse responses to a monetary policy shock
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Notes: Responses to a one-standard-deviation shock to the federal funds rate.

Before comparing the magnitude of the impulse responses, it should be noted
that the size of the monetary policy shock in the second subsample is roughly
half of what it is in the first subsample. To facilitate the comparison of the
magnitudes of the impulse responses, it is useful to control for the size of the
monetary policy shock. This is done in figures 2.8 and 2.9 below, where the
monetary policy shock has been standardised to 1 in both subsamples. At the
peak, the debt response in the second subsample is now even larger than it is
in the first subsample and has the opposite sign. The output response in the
second subsample is still negligible even when the size of the monetary policy
shock in the second subsample is increased and equal to the one used for the
response in the first subsample.
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Figure 2.8: Debt response to a standardised monetary policy shock
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Notes: The figure plots the impulse responses of firm debt when the monetary policy shock
size is equal to one in each subsample.

Figure 2.9: Output response to a standardised monetary policy shock
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Notes: The figure plots the impulse responses of output when the monetary policy shock size
is equal to one in each subsample.
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Thus, if the size of the monetary policy shock is controlled for, then the
response of firm debt in the second subsample is larger than in the first sub-
sample and has the opposite sign, while the response of output is still roughly
zero. The sign reversal of the firm debt response and the disappearance of the
output response is a pattern consistent with the standard financial innovation
hypothesis, according to which firms can increase debt to preserve the output
level (or to reduce or spread out its decrease).24

Real activity shock

A real activity shock should be considered because in both subsamples this is
the most important shock that drives the comovement between firm debt and
output. However, as mentioned in the previous discussion, it is difficult to think
of a real activity shock as an underlying structural shock. There are many
structural shocks that can cause output to change and the combination of these
underlying shocks could have changed over time. The way to think about the
real activity shock is that it is a reduced-form shock which by construction
affects real activity.

Figure 2.10 shows the responses to a one-standard-deviation negative real
activity shock in each subsample. The size of the response on impact is roughly
halved from 0.93% in the first subsample to 0.46% in the second subsample, but
the shock has become somewhat more persistent. In the first subsample output
decreases sharply on impact, returns to its initial value after nine quarters and
even increases (insignificantly) later on. In the second subsample output keeps
decreasing and reaches the trough after three quarters at 0.54% below its initial
value. After 12 quarters, output in the second subsample is still below its initial
value.

The response of debt to a negative real activity shock in the second subsam-
ple is stronger than its response in the first subsample. On impact, firm debt
falls by almost the same amount (slightly more than 0.2%) in both subsamples.
This is interesting given the fact that, on impact, the real activity shock in the
second subsample is only about half the size of the real activity shock in the
first subsample. After the first period, debt in the first subsample continues to
fall for six quarters before beginning to return to its initial level. The negative
debt response in the second subsample is much more persistent. Its relatively
small response on impact is amplified and persists for much longer. The trough
of the debt response to a negative real activity shock in the second subsam-
ple is reached after ten quarters (in contrast, the trough of the debt response
in the first subsample is reached after six quarters). The negative response of
debt is significant in both subsamples, but the confidence intervals in the second
subsample are much wider.

The federal funds rate decreases after a negative real activity shock by ap-
proximately the same amount in both subsamples. Because the size of the real

24Because a monetary policy shock is a typical example of a demand shock, the above
results are consistent with the idea that financial innovation has helped firms to smooth out
demand shocks.
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activity shock is roughly 50% smaller in the second subsample, the reaction of
the federal funds rate to this shock has actually become stronger. Prices fall
after a negative real activity shock in both subsamples, but the decline is smaller
in the second subsample, even when taking into account the size of the shock.

Figure 2.10: Impulse responses to a negative real activity shock
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Notes: Responses to a one-standard-deviation negative shock to GDP.

The question arises of how the evidence presented above complies with the
financial innovation hypothesis. The impulse response of firm debt to a negative
real activity shock has not changed its direction and the decline in debt has
become stronger and more persistent. At first sight, this does not support
the financial innovation story. However, this evidence should be treated with
some caution. The reason for the more persistent and stronger negative debt
response could be due to the more persistent negative response of real activity
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in the second subsample. Some of the debt response may also be driven by the
stronger and more persistent responses of other variables, such as the federal
funds rate.25

Also, it should be remembered that the structural shocks behind the shock
labeled as the real activity shock are not identified. As long as the mix of
the underlying structural shocks remains the same across both subsamples, the
comparison of debt responses to such a shock is still meaningful. However, if
the mix of the underlying structural shocks has changed (e.g., some shocks have
become more important), then such comparisons are less meaningful.26 Bearing
these caveats in mind, the evidence from the real activity shock nevertheless
seems to indicate that there have been no benefits of financial innovation in
terms of smoothing the shock to output by increasing the access to loans during
economic downturns.

Firm debt shock

One reason to consider a shock to firm debt is that firm debt should have an
effect on output if the financial innovation explanation of the Great Moderation
is true. The financial innovation hypothesis states that, if firms can borrow
more, this should prevent or alleviate a sharp reduction in output after a con-
tractionary shock. Thus, more debt should have a positive influence on real
activity. Figure 2.11 shows the impulse responses to a one-standard-deviation
shock to firm debt in each subsample.

25An attempt to control for the persistence of the federal funds rate and output responses
is presented in section 2.6.

26For example, Gerali et al. (2010) argue that the financial sector helps to dampen demand
shocks, but propagates supply shocks. If the reduced-form shock contains a different mix of
demand and supply shocks in each subsample, the responses to such a reduced-form shock
cannot be meaningfully compared.
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Figure 2.11: Impulse responses to a shock to total debt
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Notes: Responses to a one-standard-deviation shock to firm debt.

A casual look at figure 2.11 would lead to the conclusion that an increase in
firm debt causes a recession in the first subsample and a small increase in GDP
in the second subsample. Thus, the relation of firm debt to real activity seems
to be negative in the first subsample (i.e., an increase in firm debt leads to a
decrease in real activity) and positive in the second subsample. The direction of
the effect of firm debt on output in the second subsample has therefore changed
in a way that is consistent with the financial innovation hypothesis (firms borrow
more and this seems to stimulate output). Note that shock sizes are very similar
in both subsamples, but that the shock to firm debt in the second subsample is
amplified and much more persistent than in the first subsample. Despite this
amplification, the effect of the debt increase on output is not that strong.
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However, a shock to firm debt suffers from the same problem as the shock to
real activity - it is a reduced-form shock, which makes it difficult to interpret and
compare the response of the two subsamples. In particular, if the positive debt
shock is not a mainly structural shock that increases the supply of debt, but
rather a response to a reduction in GDP, then these results suggest that firms
would have more access to external debt finance during an economic downturn
in the first subsample. With the above caveat in mind, it is still the case that
an increase in firm debt is associated with a decrease in real activity in the
first subsample and a small increase in real activity in the second subsample.
Therefore, there is an interpretation of the results that is supportive of the
financial innovation hypothesis (it indicates that the relation between firm debt
and output has changed), but does not allow us to draw strong conclusions.

2.5.2 Comovement decomposition
If one abstracts from the sharp initial increase in the first five years of the sam-
ple, then the unconditional correlation coefficient between cyclical components
of firm debt and output in section 2.4 does not display dramatic changes.27
There has been a gradual decrease in correlation, but this decrease has been
relatively small (about 20%). In contrast, the unconditional standard devia-
tions indicate that firm debt has become much more volatile over time, while
the volatility of output has decreased. As explained in section 2.3.4, the co-
movement decomposition allows investigation into which shock is responsible
for changes in unconditional moments and whether changes are due to changes
in the short-run or in the long-run comovement.28

Figures 2.12 and 2.13 show how the comovement between firm debt and
output can be decomposed into contributions of each particular shock at dif-
ferent time horizons.29 The thick line represents the total correlation between
debt and output across different time horizons, while the other lines show the
contribution of each shock to the total. Although there has been a small and
gradual decrease in the unconditional correlation between firm debt and GDP
since the early 1960s (see figure 2.6), there is no obvious decrease in uncondi-
tional comovement when one compares the first and the second subsample.30
Even though the correlation coefficients display little or no change, there are
interesting changes in what is behind these correlation coefficients.

27See section 2.4.
28It is important to remember that while the total comovement does not depend on identi-

fication used in the VAR, the contributions of various shocks do depend on the identification
scheme.

29The decomposition is based on the benchmark VAR model.
30Small differences arise because the statistics reported in figure 2.6 are obtained by de-

trending the data using the HP-filter.
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Figure 2.12: Comovement decomposition in the first subsample
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Notes: Correlation of forecast errors, decomposed into contributions of each particular shock.

Figure 2.13: Comovement decomposition in the second subsample
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Notes: Correlation of forecast errors, decomposed into contributions of each particular shock.

Figures 2.12 and 2.13 show that in both subsamples, shocks to output were
the most important driving force behind the positive comovement of firm debt

30



and output, despite the decrease in the magnitude of GDP shocks in the second
subsample. Interestingly, a substantial amount of the positive comovement in
the first subsample was driven by shocks to the federal funds rate and this is
no longer the case. Moreover, the decrease in the comovement is larger than
the decrease in the size of the monetary policy shock would warrant. Shocks to
firm debt, which induced a negative comovement in the first subsample, induce
a positive comovement in the second subsample.31

To understand the changes in the comovement one has to consider both the
size of each shock and the impact it has on the variables. This evidence is
summarised by the impulse responses reported in section 2.5.1, but for easier
reference table 2.3 summarises the magnitude of shocks to each variable in the
VAR.

Table 2.3: Shock sizes
Shock to a variable First subsample Second subsample Ratio

GDP deflator 0.0030 0.0016 0.53
GDP 0.0093 0.0046 0.49

Total debt 0.0054 0.0063 1.17
Federal funds rate 0.0085 0.0038 0.45

Notes: The table shows the standard deviations of (structural) errors, based on the benchmark
identification.

Consider the shock to the federal funds rate (the monetary policy shock),
which has driven a large share of the positive comovement between debt and
output in the first subsample and had almost no impact on the comovement
in the second subsample. The reason for this negligible impact in the second
subsample is not so much that the shock has become smaller, because it has
become smaller only relative to the shock to firm debt, but not relative to other
shocks (see table 2.3). Nor is the reason due to a change in the impact of the
monetary policy shock on firm debt, because the magnitude of the firm debt
response in the second subsample is similar to that in the first subsample (see
figure 2.7). The main reason for the negligible impact of the monetary policy
shock on the comovement in the second subsample is that the output response
to the monetary policy shock has become negligible.

Following a similar reasoning one can explain why there is little change in the
part of the comovement driven by the real activity shocks. These shocks have
become smaller in the second subsample. The magnitude of the debt response to
a real activity shock has also increased in the second subsample (see figure 2.10),
but because GDP returns to almost zero when debt is still high, the crossprod-
uct of their impulse responses is small and the comovement does not increase.
Finally, the shock to firm debt, which generates a negative comovement between
debt and output in the first subsample, generates a positive comovement in the
second subsample. This is because output reacts positively to an increase in

31The shock to the price level in the second subsample induces a positive comovement
between firm debt and output over longer time horizons.
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firm debt in the second subsample (see figure 2.11). Even though shocks to firm
debt have become more important relative to other shocks, this had compara-
tively little effect on the comovement in figure 2.13, because the effect of the
debt shock on output has been relatively small.32

The explanation for the decrease in the unconditional volatility of output and
an increase in the volatility of firm debt is similar to the explanation of their
comovement.33 The main reason for the decrease in the volatility of output
are smaller shocks to the real activity and almost no effect of monetary policy
shocks on the output volatility in the second subsample. The volatility of firm
debt has increased because shocks to firm debt have increased, and also because
of the stronger response of firm debt to real activity shocks. Monetary policy
shocks have not lost their effect entirely. Price level had a very small role for
both variables, but has become more important at longer time horizons.

2.5.3 Summary of findings
The evidence conditional on shocks has yielded the following findings: after a
monetary policy shock, the response of firm debt has changed from negative
in the first subsample to positive in the second subsample, while the response
of output has changed from negative in the first subsample to practically zero
in the second subsample. This is the reason why, conditional on a monetary
policy shock, the strong positive comovement between firm debt and output in
the first subsample has disappeared in the second subsample. Taken together,
such a finding is favourable for the financial innovation hypothesis.34

The results conditional on the real activity shock are less favourable. The
impulse responses of debt do not change signs between the subsamples, and firm
debt and output still move together. The debt response has even become more
persistent in the second subsample. This may be because the output response
remains negative in the second subsample for a longer time period or because the
response of the federal funds rate to a real activity shock in the second subsample
is stronger and more persistent. Such evidence does not provide support for the
standard view that financial innovation dampens business cycles because firms
have more access to external finance during economic downturns.

The results based on a shock to firm debt indicate that output decreases
after a positive debt shock in the first subsample and increases in the second
subsample. The increase in output in the second subsample is weak, but it
indicates that the relation between firm debt and output has changed in a way
that could be favourable to the financial innovation hypothesis (an increase in
debt has a positive impact on output).

32The comovement between firm debt and output, conditional on a shock to firm debt, has
changed sign from negative in the first subsample to positive in the second subsample.

33The figures showing the decomposition of variance are reported in appendix 2.A.
34Dynan et al. (2006) have argued that because firm leverage has become higher in the

second subsample, it should be more difficult for firms to increase debt, yet this is exactly
what happens after a monetary policy shock.

32



Taken together, the evidence regarding the financial innovation hypothesis is
mixed. The results based on a monetary policy shock, which is a reasonably well
identified structural shock, seem to support the standard financial innovation
story. The evidence based on the real activity shock does not support it, while
the evidence conditional on a shock to firm debt is somewhat more favourable.
However, because the mix of structural shocks that are driving the real activity
shock and the shock to firm debt could have changed, the evidence from such
reduced-form shocks is less reliable and should be taken with caution.

2.6 Do output and debt affect each other?
This section investigates two issues. First, it examines the alternative hypothesis
that firm debt follows real activity. Second, it investigates whether firm debt has
an effect on output, which is one of the implications of the financial innovation
hypothesis. It is difficult to investigate these issues in the VAR context, because
all variables are endogenous. Nevertheless, several counterfactual experiments
presented in this section could prove useful.

2.6.1 Link from real activity to firm debt
An obvious alternative to the financial innovation hypothesis is the hypothesis
that debt follows real activity. According to this alternative hypothesis, the
response of firm debt to a monetary tightening in the first subsample is negative
because the response of real activity is negative. Similarly, the response of
firm debt to a monetary tightening in the second subsample is positive because
real activity in the second subsample does not decline. If this were the case,
then the alternative hypothesis that debt follows real activity would also be
an explanation of the evidence presented so far as favourable to the financial
innovation hypothesis.

An intuitive way to investigate whether output influences the response of
firm debt is to set the output response to zero and recompute the impulse
response of firm debt to a monetary tightening in the first subsample.35 Such
a counterfactual impulse response is then compared to the benchmark response
of debt in the first subsample. If the counterfactual response of firm debt is
significantly different from the benchmark response (in particular, if it changes
sign from negative to positive), then this indicates that firm debt follows real
activity and not the other way around. The result of such counterfactual exercise
is presented in figure 2.14. When the response of real activity is set to zero,
the decrease of firm debt after a monetary tightening is less severe (-0.57% at
the trough compared to -0.82% in the benchmark case), but debt still declines.

35Note that setting a variable’s response to zero is the same as setting all its coefficients in
the VAR equation to zero and there is no guarantee that doing this will keep the roots of the
characteristic equation within the unit circle. This is why such counterfactual experiments
may result in explosive impulse responses.
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Moreover, the counterfactual impulse response of debt is not very different from
its benchmark response.

The question is whether the difference between both impulse responses re-
ported in figure 2.14 is significant. Figure 2.15 shows the difference between the
benchmark debt response and its counterfactual response in the first subsam-
ple.36 The shaded area indicates the 90% confidence interval. The difference
between both impulse responses is not significant for most of the forecast hori-
zon. Taken together, the evidence in figures 2.14 and 2.15 does not lend much
support to the hypothesis that the firm debt response in the first subsample is
driven by the negative real activity response.

Figure 2.14: Response of debt to a monetary policy shock
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Notes: The figure shows the benchmark impulse response of debt to a monetary policy shock
in the first subsample and the counterfactual impulse response of debt to a monetary policy
shock in the same subsample, where the output response is set to zero.

36The difference is computed as the benchmark impulse response minus the counterfactual
impulse response.
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Figure 2.15: Difference in the responses of debt to a monetary policy shock
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Notes: The figure shows the difference between the benchmark impulse response and the
counterfactual impulse response of debt to a monetary policy shock in the first subsample.
The shaded area indicates the 90% significance band.

The same exercise as shown above can in principle be applied to the second
subsample. However, the benchmark output response to a monetary tightening
in the second subsample is already practically zero (see figure 2.7), meaning
that such an experiment is not very useful. A more interesting exercise is to
force the impulse response of output after a monetary tightening in the second
subsample to decrease exactly as it does in the first subsample and recompute
the impulse response of debt.37 This counterfactual debt response can then be
compared to its benchmark response. If the positive response of firm debt after
a monetary tightening in the second subsample is indeed caused by the absence
of the negative output response, then forcing output to respond as in the first
subsample should make the response of firm debt to a monetary tightening
negative.

Figure 2.16 shows the outcome of this experiment. If a monetary tightening
in the second subsample is accompanied by the negative output response, then
the positive debt response is somewhat weaker (at the peak, the debt response
is reduced from 0.56% to 0.37%), but it still remains positive for more than
three years. Moreover, the difference between the benchmark debt response
and its counterfactual response is not significant. This is shown in figure 2.17,

37This is achieved if the economy in the second subsample faces a series of shocks to GDP,
such that its path is exactly the same as in the first subsample. Note that the GDP response
in the first subsample corresponds to a monetary policy shock that is more than twice the
size of that in the second subsample (see table 2.3). To control for this, the monetary policy
shock in both subsamples equals the shock in the second subsample.
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which plots the difference between both debt responses together with the 90%
confidence bands.

Figure 2.16: Response of debt to a monetary policy shock
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Notes: The figure shows the benchmark impulse response of debt to a monetary policy shock
in the second subsample and the counterfactual impulse response of debt to a monetary policy
shock in the same subsample, where the output response follows the same path as in the first
subsample.
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Figure 2.17: Difference in the responses of debt to a monetary policy shock
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Notes: The figure shows the difference between the benchmark impulse response and the
counterfactual impulse response of debt to a monetary policy shock in the second subsample.
The shaded area indicates the 90% significance band.

The evidence presented so far is not favourable to the alternative hypothesis
that the change in the output response drives the change in the debt response.
The experiments do show that an increase (a decrease) in output is followed by
an increase (a decrease) in debt, but the effect is not strong enough to change
the sign of the debt response to a monetary tightening (and is not significant).
In particular, the positive response of debt to a monetary tightening in the
second subsample does not disappear if output is forced to decrease.38

Finally, the exercise proposed by den Haan and Sterk (2009) can provide
additional insight into whether the debt response to a monetary tightening has
changed. Their idea is to control for both the real activity response and the
federal funds response in the second subsample by forcing them to follow exactly
the same path as in the first subsample. This experiment controls for the size of
the monetary policy shock, as well as for the persistence of the federal funds rate
and the direction and persistence of the output response. The result consistent
with the financial innovation hypothesis is that the counterfactual debt response
to a monetary tightening in the second subsample remains positive or is less
negative than its benchmark response in the first subsample. Figure 2.18 shows
the outcome of this experiment.

38This conclusion is quite robust. Appendix 2.B presents the benchmark VAR with output
of the nonfarm nonfinancial corporate sector as the measure of real activity. This measure of
real activity decreases significantly after a monetary tightening in the second subsample, but
the response of firm debt remains positive.

37



Financial Innovation and Firm Debt over the Business Cycle

Figure 2.18: Response of debt to a monetary policy shock
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Notes: The figure shows the benchmark impulse response of debt to a monetary policy shock
in the first subsample and the counterfactual impulse response of debt to a monetary policy
shock in the second subsample, if the economy faces a sequence of monetary policy and real
activity shocks that make the time paths of the federal funds rate and output identical to
those observed after a monetary policy shock in the first subsample.

Even if the federal funds rate and output follow the same path as after a
monetary tightening in the first subsample, the counterfactual debt response in
the second subsample in figure 2.18 remains positive and very different from the
benchmark debt response to a monetary tightening in the first subsample. The
explanation for this is that the counterfactual experiment uses the path of the
federal funds rate from the first subsample, where the monetary tightening is
stronger than in the second subsample. Because firm debt in the second sub-
sample responds positively to an increase in the federal funds rate, using a larger
monetary shock in the counterfactual experiment would result in a stronger in-
crease in firm debt. But the counterfactual experiment also forces the response
of output to be negative (exactly as in the first subsample), which dampens the
increase in firm debt (see figure 2.16). However, the effect of declining output
is not strong enough to eliminate the positive debt response. Therefore, even
when one controlls for the federal funds rate and output responses, firm debt
still increases after a monetary tightening in the second subsample.

The analysis above does not take into account that the level of firm debt
relative to GDP increased from 30.0% of GDP on average in the first subsample
to 42.2% of GDP on average in the second subsample, which is a 40.7% increase.
This implies that, relative to GDP, the amount of funds obtained by firms
through borrowing in the second subsample is much greater than implied by
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the impulse responses.39 To account for the change in the proportion of firm
debt in GDP, one would have to multiply the response of firm debt in the second
subsample by a factor of 1.407 to obtain a comparable measure of how much
funds - relative to GDP - are provided to the firms after a monetary tightening
in the second subsample.

The outcome of this exercise is very different from the findings of den Haan
and Sterk (2009), who perform the same exercise for home mortgages and con-
sumer credit and find that they decrease by more in the second subsample fol-
lowing a monetary tightening. The fact that the empirical findings for firm debt
are different from the findings for consumer finance could be an indication that
financial innovation had a different impact on firms than it had on consumers.

The evidence reported in this section indicates that the positive response of
firm debt after a monetary tightening in the second subsample is not the result
of the almost flat response of output. The response of firm debt to a monetary
policy shock in the second subsample remains positive even if output is artifi-
cially forced to decrease. If the evidence from such counterfactual experiments
is taken seriously, then there is nothing to support the alternative hypothesis
that firm debt follows output.

2.6.2 Link from debt to real activity
One of the implications of the financial innovation hypothesis is that debt has
an effect on output. If the increase in firm debt after a monetary tightening
in the second subsample really dampens the output response, as the financial
innovation hypothesis predicts, then it is necessary to show that firm debt influ-
ences output. A straightforward way to investigate this issue is to fix the debt
response after a monetary tightening to zero and observe what happens to the
response of output.

Setting the debt response to zero in the first subsample implies that the
economy faces a series of positive shocks to firm debt (figure 2.7 shows that
debt decreases after a monetary tightening in the first subsample), to the ex-
tent that the counterfactual debt response is equal to zero. The effect of this
counterfactual exercise on the real activity response is presented in figure 2.19.
The counterfactual increase in debt does have an effect on real activity, but the
effect has the wrong sign (an increase in debt causes a decrease in output).40

39The impulse responses show the percentage change in firm debt from the initial value.
Relative to GDP, the initial value of debt in the second subsample is 40.7% larger.

40This is consistent with the result in figure 2.11, where a positive shock to firm debt results
in a recession in the first subsample.
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Figure 2.19: Response of output to a monetary policy shock
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Notes: The figure shows the benchmark impulse response of output to a monetary policy
shock in the first subsample and the counterfactual impulse response of output to a monetary
policy shock in the same subsample, where the debt response is set to zero.

The problem with this exercise is that setting the debt response to zero
leads to an endogenous increase in the federal funds rate. Because the latter
has a strong effect on output, the counterfactual decrease of output in figure
2.19 could be the consequence of the higher federal funds rate. An alternative
experiment is to control for the federal funds rate response by keeping it the
same as in the benchmark VAR. In this case the effect on output of keeping firm
debt constant after the monetary tightening is practically zero, as figure 2.20
shows.41

41Because the experiment controls for the federal funds rate response, the result of such
exercise has a slightly different interpretation. It should be viewed as the evidence of the
effect of firm debt on output without the effect that goes through the federal funds rate. This
is more in line with the notion of the credit channel of monetary transmission, as described
by Bernanke and Gertler (1995). They have pointed out that according to the (broad) credit
channel, any effect of debt on output should come on top of the effect of the interest rate.
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Figure 2.20: Response of output to a monetary policy shock

0 2 4 6 8 10 12 14 16 18 20
−0.8

−0.6

−0.4

−0.2

0

0.2

0.4

0.6

%
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Notes: The figure shows the benchmark impulse response of output to a monetary policy
shock in the first subsample and the counterfactual impulse response of output to a monetary
policy shock in the same subsample, where the debt response is set to zero and the time path
of the federal funds rate is identical to its benchmark path in the first subsample.

The same set of counterfactual experiments can be performed in the second
subsample. Because the benchmark debt response to a monetary tightening
in the second subsample is positive, setting the debt response to zero in the
counterfactual experiment implies that the economy faces a series of negative
shocks to firm debt. The observation consistent with the financial innovation
hypothesis is that such a counterfactual decrease in the debt response has a
negative effect on real activity. As figure 2.21 shows, holding debt constant
after a monetary tightening in the second subsample does result in a decrease
of the output response. The effect is consistent with the financial innovation
hypothesis, but the difference between the benchmark and the counterfactual
output response is small (the benchmark decrease of output at the trough is
-0.03% and the counterfactual decrease is -0.13%).42

42To understand this result, it should be remembered that in the second subsample a
positive shock to firm debt caused an increase in output (see figure 2.11).
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Figure 2.21: Response of output to a monetary policy shock

0 2 4 6 8 10 12 14 16 18 20
−0.15

−0.1

−0.05

0

0.05

0.1

%

 

 

Benchmark response Counterfactual response

Notes: The figure shows the benchmark impulse response of output to a monetary policy shock
in the second subsample and the counterfactual impulse response of output to a monetary
policy shock in the same subsample, where the debt response is set to zero.

As in the first subsample, setting the debt response to a monetary tightening
to zero changes the endogenous response of the federal funds rate, which in
turn affects output. To isolate the effect of debt, it is again useful to control
for the response of the federal funds rate by keeping it the same as in the
benchmark case. However, while the effect of firm debt on the federal funds rate
in the second subsample is still strong, the effect of the federal funds rate on
output is weak (see figure 2.7). This is why controlling for the federal funds rate
has practically no effect and results in almost exactly the same counterfactual
response of output as in figure 2.21. The differences are not noticeable to the
naked eye.43

The evidence from the counterfactual experiments above does not give a
clear support to the hypothesis that firm debt has an effect on output. The
evidence from the first subsample indicates that an increase in firm debt leads
to a decrease in output, which is the opposite of what is expected. The evidence
from the second subsample is more favourable. The effect of firm debt on output
goes in the right direction (a decrease in debt leads to a decrease in output),
but the effect is not very large. With such mixed evidence, it is difficult to
argue strongly in favour of the financial innovation hypothesis, but at least the
evidence from the second subsample points in the right direction.

43At the trough, the counterfactual output response is -0.1267% without controlling for the
federal funds rate response and -0.1285% when controlling for the federal funds rate response.

42



The evidence from such counterfactual experiments should be taken with
caution. First, firm debt is an aggregate of potentially very different debt series.
It consists of bonds, mortgages, bank loans, other loans and advances, and
commercial paper. It could be the case that some debt components have a
positive effect on output and the others do not, which could make the effect
of the aggregate series weaker (or less significant). This issue is investigated in
the next chapter. Second, these counterfactual experiments involve a series of
reduced-form shocks to a variable (firm debt or output). There is no guarantee
that such shocks are the same in each of the subsamples (a mix of the underlying
structural shocks could change), which makes it difficult to interpret the results.
Finally, such experiments are subject to the Lucas critique (see, e.g., Boivin and
Giannoni, 2002). If one artificially changes the response of one of the variables
in the VAR, the behaviour of the economy does not necessarily remain the same
(coefficients in the VAR could change). Such counterfactual experiments can
be useful to understand what is happening in the economy represented by the
VAR, but the evidence from such exercises should be taken with caution.

2.6.3 Granger causality
An alternative way of looking at the link between firm debt and output is to
test whether firm debt Granger causes output and vice versa. Note that the
standard financial innovation hypothesis does not give any explicit predictions
about the Granger causality between firm debt and output. Moreover, few
economists would claim that output has no effect on firm debt. However, it is
still interesting to use the Granger causality test to examine whether the relation
between firm debt and output between both subsamples has changed.

The test performed in this section controls for the exogenous variables (con-
stant, seasonal dummies and trend) as well as for the other variables in the
VAR. For example, the test of whether debt Granger causes output involves
the regression of output on a constant, seasonal dummies, a linear trend and
four lags of inflation, output, federal funds rate and firm debt. The Granger
causality test is the test of the hypothesis that all coefficients on debt lags are
equal to zero. The test of whether output causes debt is analogous. The results
for each subsample are reported in table 2.4.

Table 2.4: Granger causality
Subsample Debt causes output Output causes debt

First subsample F-stat.: 0.7772 F-stat.: 3.3897
Prob.: 0.5436 Prob.: 0.0134

Second subsample F-stat.: 0.9348 F-stat.: 1.8913
Prob.: 0.4491 Prob.: 0.1219

Notes: The table shows the values of the F-statistic and the corresponding p-values for the
null hypothesis that all coefficients on debt (output) lags are jointly equal to zero.
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The results indicate that firm debt does not Granger cause output in either
of the subsamples. Output Granger causes firm debt in the first subsample, but
this is no longer the case in the second subsample. These results, however, are
sensitive to the sample choice, lag length, and the choice of the conditioning
variables. For example, for the subsamples starting after 1990 it is often the
case that output does not Granger cause debt and that debt does Granger cause
output.

The evidence from the Granger causality test therefore indicates that not
much has changed in the relation between firm debt and output, except that
output does not Granger cause debt in the second subsample. Nevertheless, if
the evidence were stretched and applied to the financial innovation hypothesis,
then the result that output does not Granger cause firm debt in the second
subsample would be evidence against an alternative hypothesis that debt follows
output. But then the result that debt does not Granger cause output in both
subsamples would be evidence against the financial innovation hypothesis.

2.7 Did the change in monetary policy cause the
change in the impulse responses?

A possible alternative explanation for the change in the sign of the impulse
responses of firm debt to a monetary tightening is that there was a change in
monetary policy. For example, Boivin and Giannoni (2002, 2006) have argued
that a change in the way monetary policy is conducted could be the reason
for smaller fluctuations in output during the Great Moderation. The change
in monetary policy could in principle cause both the reversal in the firm debt
response as well as the moderation in output response to a monetary tightening.
This section investigates both issues.

The systematic component of monetary policy (i.e., the way monetary policy
is conducted) is represented by the endogenous response of the federal funds rate
(the instrument of the central bank) to changes in other variables in the VAR. A
change in the way a central bank conducts monetary policy is therefore reflected
in the change of the coefficients that ‘belong’ to the federal funds rate (these
coefficients can be viewed as a monetary policy rule). The endogenous response
of monetary policy in each subsample can therefore be changed by changing
the coefficients of the federal funds rate. For example, Boivin and Giannoni
(2002) estimate a VAR on two subsamples and then replace the coefficients
of the federal funds rate in the VAR estimated over the first subsample with
those from the VAR estimated over the second subsample. This enables them to
examine what happens in the first subsample if the monetary policy is conducted
in the same way as in the second subsample. This section employs the same
type of the analysis.44

44The counterfactual change in the monetary policy rule is a typical experiment that is
subject to the Lucas critique. The evidence from this section should therefore be taken with
caution.
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2.7.1 Monetary policy and the debt response
If the response of debt to a monetary tightening in the second subsample changes
from positive to negative when the monetary policy rule from the first subsample
is used in the VAR estimated over the second subsample, then this is an indi-
cation that the change in monetary policy could be the reason for the change
in the debt response. If this is not the case, then there must be another reason,
possibly financial innovation. A similar exercise can be performed in the first
subsample. If the change in monetary policy is the reason for the sign change
in the debt response, then using the monetary policy rule from the second sub-
sample should change the response of debt to a monetary tightening in the first
subsample from negative to positive. Figure 2.22 shows the outcome of this
experiment in the first subsample and figure 2.23 in the second subsample.

Figure 2.22 shows that if monetary policy in the first subsample is conducted
in the same way as it is in the second subsample, then the debt response to a
monetary tightening is more negative for most of the forecast horizon than the
benchmark response of debt in the first subsample (at the trough, the bench-
mark debt response is -0.82% and the counterfactual debt response is -1.21%
below the initial value). The effect of such counterfactual monetary policy in
the first subsample therefore goes in the wrong direction (against the alterna-
tive hypothesis that the change in monetary policy caused the change in the
debt response to a monetary tightening). This is also the case in the second
subsample. Figure 2.23 shows that if monetary policy in the second subsample
is conducted in the same way as it was in the first subsample, debt still increases
after a monetary tightening and its increase is stronger than the benchmark in-
crease.45 The evidence from this counterfactual experiment therefore does not
support the alternative hypothesis that the sign reversal in the debt response
to a monetary tightening was caused by the change in the way monetary policy
is conducted.

45If the coefficients of the federal funds rate from the first subsample are used in the VAR
estimated over the second subsample, the debt response becomes explosive. The reason is
that there is no guarantee that the VAR will remain stable if a set of coefficients is changed.
For this reason the impulse responses from such counterfactual experiments can be unreliable
at longer forecast horizons.
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Figure 2.22: Response of debt to a monetary policy shock in the first subsample
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Notes: The figure shows the benchmark impulse response of debt to a monetary policy shock
in the first subsample and the counterfactual impulse response of debt to a monetary policy
shock in the same subsample, where the endogenous response of the federal funds rate in the
first subsample is identical to its endogenous response in the second subsample.
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Figure 2.23: Response of debt to a monetary policy shock in the second sub-
sample
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Notes: The figure shows the benchmark impulse response of debt to a monetary policy shock
in the second subsample and the counterfactual impulse response of debt to a monetary policy
shock in the same subsample, where the endogenous response of the federal funds rate in the
second subsample is identical to its endogenous response in the first subsample.

2.7.2 Monetary policy and the output response
A change in the way monetary policy is conducted could also cause the moder-
ation in the output response to a monetary policy shock. If this is true, then
using the monetary policy rule from the second subsample in the VAR estimated
over the first subsample should attenuate the decrease in output after a mon-
etary tightening in the first subsample. Similarly, using the monetary policy
rule from the first subsample in the VAR estimated over the second subsample
should lead to a recession after a monetary tightening.46 Figures 2.24 and 2.25
show that this is not the case.

46This type of the counterfactual experiment takes the shock as something unavoidable
and investigates how monetary policy further responds to the effects of such a shock.
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Figure 2.24: Response of output to a monetary policy shock in the first sub-
sample
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Notes: The figure shows the benchmark impulse response of output to a monetary policy
shock in the first subsample and the counterfactual impulse response of output to a monetary
policy shock in the same subsample, where the endogenous response of the federal funds rate
in the first subsample is identical to its endogenous response in the second subsample.

Figure 2.24 shows that using the monetary policy rule from the second sub-
sample in the VAR estimated over the first subsample causes a stronger recession
in the first three years after the monetary tightening (and a more volatile output
response). That is the opposite of what should happen if a ‘better’ monetary
policy (that is, monetary policy used in the second subsample) is the reason for
the Great Moderation.
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Figure 2.25: Response of output to a monetary policy shock in the second
subsample
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Notes: The figure shows the benchmark impulse response of output to a monetary policy shock
in the second subsample and the counterfactual impulse response of output to a monetary
policy shock in the same subsample, where the endogenous response of the federal funds rate
in the second subsample is identical to its endogenous response in the first subsample.

A similar exercise, applied to the second subsample, points in the same
direction. Figure 2.25 shows that using the monetary policy rule from the first
subsample in the VAR estimated over the second subsample does not cause a
sharp recession after a monetary tightening, but actually attenuates slightly the
output response when compared to the benchmark response of output in the
second subsample.

Such counterfactual experiments cannot be pushed too far and the results
should be interpreted with caution. However, if one is willing to accept the
evidence from such experiments, then there is no support for the alternative
hypothesis that the reason for the change in the debt response to a monetary
tightening is the change in the way monetary policy is conducted. Moreover,
there is no support either for the hypothesis that the change in monetary policy
is the reason for the lower fluctuations of output in the second subsample. In
short, all the evidence presented in this section points to the conclusion that
the change in the way monetary policy is conducted is not the reason for the
changes in the responses of firm debt and output to a monetary tightening.
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2.8 Financing of inventories
This section investigates an auxiliary hypothesis about the channel through
which financial innovation could contribute to lower output fluctuations. Sup-
pose that firms do not wish to decrease production after a contractionary shock,
but prefer to accumulate inventories instead. In order to maintain the level of
production and accumulate inventories, firms require financing, because they
have to pay for material and workers. If financing is not available, then the only
option left to them is to decrease production. Greater availability of financing
could therefore allow firms to use inventories as a buffer in a more extensive
way. This is the hypothesis investigated in this section.

The idea that firms use inventories as a buffer to absorb shocks is not new
(see, for instance, Carpenter et al., 1994). Neither is the idea that the availability
of financing is an important determinant of inventories (Kashyap et al., 1994,
have shown that the availability of financing can explain inventory movements
much better than interest rates, and Christiano, Eichenbaum, and Evans, 1996,
state that firms often use debt to finance inventories). This section attempts to
link the change in the firm debt response to a monetary tightening to the change
in the response of inventories. If the response of inventories to a monetary
tightening follows the change in the response of firm debt and if firm debt has
an effect on inventories, then this would indicate that financial innovation has
enabled firms to use inventories more efficiently to smooth out shocks.

2.8.1 Monetary policy shock and inventories
The same approach as in the previous sections is used to investigate the response
of inventories to a monetary policy shock and its relation to the response of firm
debt. To this end, a time series for inventories is included in the benchmark
VAR, which is then estimated over the same two subsamples as in the previous
sections.47 Figure 2.26 displays the impulse responses to a monetary tightening
for the variables in such augmented VAR.48

47There are several available time series for inventories. Book values are problematic be-
cause they may contain valuation effects (firms can use several methods to value inventories
and can in principle change them over time, possibly in a systematic way). Moreover, even if
the valuation method is known (such as historical cost), the value of inventory is affected by
the method firms use to draw from the inventory (first-in-first-out or last-in-first-out). The
benchmark VAR in this section uses the inventories series from the System of National Ac-
counts (SNA), which attempts to remove valuation effects. This series is also in line with what
is used in the related literature (for instance, Carpenter et al., 1994). Appendix 2.B shows
that the results are not materially affected if the book value of inventories is used instead.

48A potential problem of the VAR reported in figure 2.26 is that the response of output
to a monetary tightening in the second subsample is positive (but insignificant). This might
lead to an objection that the VAR is misspecified. It is possible that real activity decreases
in the second subsample if output of the nonfarm nonfinancial corporate sector is used as the
measure of real activity. Appendix 2.B shows that this does not materially affect the results
reported in the main text.
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Figure 2.26: Impulse responses to a monetary policy shock
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Notes: Responses to a one-standard-deviation shock to the federal funds rate.

The fourth row of figure 2.26 shows that the response of inventories to a
monetary tightening changed from the first to the second subsample in a simi-
lar fashion as the response of firm debt. In the first subsample, a small initial
increase of inventories after a monetary tightening is followed by a strong and
prolonged decrease, reaching the trough at -0.74% below the initial value after
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thirteen quarters. In the second subsample, inventories increase after a mone-
tary tightening and peak after nine quarters at 1.23% above the initial value.
Because the size of the monetary policy shock in the second subsample is only
about half of its size in the first subsample, the increase in inventories in the
second subsample would be almost twice as large for the same shock as in the
first subsample. The responses of inventories and firm debt to a monetary tight-
ening move in the same direction in both subsamples and they are similar in
terms of persistence.49 The question is whether this is a coincidence or whether
the responses of inventories and firm debt to a monetary shock are related.

2.8.2 Does firm debt influence inventories?
A counterfactual analysis similar to that performed in the previous sections can
be used to investigate whether there is a link between firm debt and inventories.
The simplest exercise is to set the response of firm debt to a monetary tight-
ening to zero, recompute the impulse response of inventories and compare this
counterfactual response to the benchmark response in figure 2.26. The result
consistent with the idea that firms borrow to finance an increase in inventories
is that setting firm debt to zero in the first subsample reduces the decrease in
inventories and setting firm debt to zero in the second subsample reduces the
increase in inventories after a monetary tightening.

49The response of firm debt to a monetary tightening in the second subsample is stronger
when inventories are included in the VAR.
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Figure 2.27: Response of inventories to a monetary policy shock
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Notes: The figure shows the benchmark impulse response of inventories to a monetary pol-
icy shock in the first subsample and the counterfactual impulse response of inventories to a
monetary policy shock in the same subsample, where the debt response is set to zero.

Figure 2.27 shows the effect of holding debt constant on the response of
inventories to a monetary tightening in the first subsample. The counterfactual
response of inventories lies below their benchmark response, which indicates
that the relation between firm debt and inventories in the first subsample is
the opposite of what is expected if firm debt is used to finance inventories
(the experiment shows that more debt leads to less inventories). However, the
difference between the benchmark and the counterfactual impulse response of
inventories is small and insignificant (see figure 2.28). Note that this result is
similar to that for the relation between firm debt and output.
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Figure 2.28: Difference in the responses of inventories to a monetary policy
shock
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Notes: The figure shows the difference between the benchmark impulse response and the coun-
terfactual impulse response of inventories to a monetary policy shock in the first subsample.
The shaded area indicates the 90% significance band.

The result is very different if the same counterfactual exercise is performed in
the second subsample. Figure 2.29 shows that a positive response of inventories
to a monetary tightening in the second subsample disappears almost entirely
if debt is held constant. Moreover, figure 2.30 shows that the difference be-
tween the benchmark response and the counterfactual response of inventories is
significant.
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Figure 2.29: Response of inventories to a monetary policy shock
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Notes: The figure shows the benchmark impulse response of inventories to a monetary policy
shock in the second subsample and the counterfactual impulse response of inventories to a
monetary policy shock in the same subsample, where the debt response is set to zero.

The evidence suggests that the relation between firm debt and inventories has
changed over time. The effect of firm debt on inventories in the first subsample
is weak, insignificant, and shows that an increase in debt leads to a reduction in
inventories. In the second subsample, the relation is strong, significant, and has
a sign that is consistent with the idea that firms use debt to finance inventories
(a counterfactual reduction in the debt response results in a reduction in the
response of inventories). This is consistent with the hypothesis that financial
innovation enabled firms to use borrowing more extensively in order to finance
the increase in inventories.
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Figure 2.30: Difference in the responses of inventories to a monetary policy
shock
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Notes: The figure shows the difference between the benchmark impulse response and the coun-
terfactual impulse response of inventories to a monetary policy shock in the second subsample.
The shaded area indicates the 90% significance band.

2.8.3 Do inventories follow output?
An obvious alternative explanation for the change in the response of invento-
ries to a monetary tightening is that inventories follow output. If this is the
case, then the reason for the negative response of inventories after a monetary
tightening in the first subsample is that the recession is sharp. Similarly, the
reason for the positive response of inventories after a monetary tightening in the
second subsample is that there is no recession. This issue is investigated using
counterfactual experiments.
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Figure 2.31: Response of inventories to a monetary policy shock
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Notes: The figure shows the benchmark impulse response of inventories to a monetary pol-
icy shock in the first subsample and the counterfactual impulse response of inventories to a
monetary policy shock in the same subsample, where the output response is set to zero.

In the first subsample, the question is whether the response of inventories
after a monetary tightening becomes less negative (or even positive) if output
is held constant. Similarly, the question in the second subsample is whether
the response of inventories to a monetary tightening becomes negative if the
output response is set to zero or forced to be negative. Figure 2.31 shows that
if output is held constant in the first subsample, the response of inventories to a
monetary tightening changes from negative to positive. The difference between
the benchmark and the counterfactual response of inventories is significant (see
figure 2.32). Based on this evidence, the alternative hypothesis that inventories
follow output in the first subsample seems plausible.
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Figure 2.32: Difference in the responses of inventories to a monetary policy
shock
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Notes: The figure shows the difference between the benchmark impulse response and the coun-
terfactual impulse response of inventories to a monetary policy shock in the first subsample.
The shaded area indicates the 90% significance band.

When the same counterfactual exercise is performed in the second subsample,
the problem is that the benchmark response of output to a monetary tightening
is already very close to zero (see figure 2.26). Because the counterfactual change
in the output response is small, the benchmark and the counterfactual response
of inventories are also very close together (see figure 2.33).
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Figure 2.33: Response of inventories to a monetary policy shock
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Notes: The figure shows the benchmark impulse response of inventories to a monetary policy
shock in the second subsample and the counterfactual impulse response of inventories to a
monetary policy shock in the same subsample, where the output response is set to zero.

A more interesting counterfactual exercise for the second subsample is to
force both the federal funds rate and output to follow exactly the same path
as in the first subsample and compare the resulting counterfactual impulse re-
sponse of inventories to a monetary tightening with their benchmark response
in the first subsample. Figure 2.34 shows that the counterfactual response of
inventories in the second subsample lies above their benchmark response in the
first subsample for most of the forecast horizon. Moreover, the counterfactual
response of inventories to a monetary tightening peaks at approximately the
same time as their benchmark response reaches the trough. Figure 2.35 shows
that such counterfactual response of inventories in the second subsample is sig-
nificantly different from their benchmark response in the first subsample, even
though the federal funds rate and output follow the same path as in the first
subsample. Thus, a large monetary policy shock and a sharp recession cannot
overturn the positive response of inventories to a monetary tightening in the
second subsample.
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Figure 2.34: Response of inventories to a monetary policy shock
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Notes: The figure shows the benchmark impulse response of inventories to a monetary pol-
icy shock in the first subsample and the counterfactual impulse response of inventories to a
monetary policy shock in the second subsample, if the economy faces a sequence of monetary
policy and real activity shocks that make the time paths of the federal funds rate and output
identical to those observed after a monetary policy shock in the first subsample.

The results reported in this section can be summarised as follows. First, the
response of inventories to a monetary tightening has changed from negative in
the first subsample to positive in the second subsample. The evidence indicates
that in the first subsample, the response of inventories to a monetary tightening
follows output and that firm debt has little or no effect on inventories. The
evidence from the second subsample is very different. The response of inventories
after a monetary tightening follows firm debt and the influence of output on
inventories is much weaker.50 The evidence from the second subsample seems
to support the hypothesis that financial innovation has enabled firms to borrow
in order to finance an increase in inventories.

50The same caveats as in the previous sections apply for the counterfactual experiments
conducted in this section.
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Figure 2.35: Difference in the responses of inventories to a monetary policy
shock
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Notes: The figure shows the difference between the benchmark impulse response and the coun-
terfactual impulse response of inventories to a monetary policy shock in the second subsample.
The shaded area indicates the 90% significance band.

2.9 Conclusion
The financial innovation hypothesis has four implications for the empirical pat-
terns observed in the data.

The first implication is that there should be a reduction in the comovement
between firm debt and output. The evidence suggests that the unconditional
correlation coefficient between firm debt and output has indeed decreased, but
the decrease is not very large. Conditional on the monetary policy shock, the
comovement between firm debt and output has decreased sharply. Conditional
on the real activity shock, which is one of the most important shocks driving
the comovement between firm debt and output, the correlation has remained
the same.

The second implication of the financial innovation hypothesis is that during
an economic downturn output should decrease by less after financial innovation.
The results indicate that this is indeed the case. In the first subsample, output
decreases sharply after a monetary tightening, but in the second subsample this
is not the case and output remains almost constant.

The third implication is that during an economic downturn firm debt should
decrease by more before financial innovation and by less afterwards. The evi-
dence suggests that this is the case if the downturn is induced by a monetary
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tightening, which results in a decrease in firm debt in the first subsample and
an increase in firm debt in the second subsample. If the downturn is induced by
the (reduced-form) real activity shock, then debt decreases in both subsamples
and the decrease is stronger in the second subsample.

The final implication of the financial innovation hypothesis is that firm debt
should affect output. The results from the first subsample indicate that this
is not the case and that an increase in debt leads to a decrease in output (the
effect has the wrong sign). The results from the second subsample indicate that
firm debt has a positive effect on output, which is consistent with the idea that
an increase in firm debt should stimulate output.

To summarise, the evidence based on the monetary policy shock is favourable
for the financial innovation hypothesis, but the evidence based on the real activ-
ity shock is not. The monetary policy shock is a structural shock (it is reasonably
well identified under the fairly standard identification scheme adopted in this
chapter), which means that the responses of variables to the monetary policy
shock are responses to the same type of shock. This cannot be said for the
responses of variables to the real activity shock, which is a reduced-form shock
and can be a mix of different shocks in each of the subsamples. This is why it
may be reasonable to put somewhat more weight on the evidence based on the
monetary policy shock.

The chapter also investigates a more specific hypothesis that financial inno-
vation has enabled firms to borrow in order to finance an increase in inventories
during the economic slowdown. The results from the first subsample are not
favourable (the effect of debt on inventories is small and insignificant). The
evidence from the second subsample is more favourable. Debt has a strong and
significant effect on inventories, which suggests that financial innovation has en-
abled firms to borrow in order to finance the increase in inventories during the
economic slowdown in the second subsample.

Two alternative hypotheses are investigated. One alternative hypothesis
is that the change in the way monetary policy is conducted is the reason for
the sign change in the debt response to a monetary tightening and for the
negligible output response to a monetary tightening in the second subsample.
The counterfactual experiments indicate that the change in the way monetary
policy is conducted does not seem to be the reason for the change in the debt
response to a monetary policy shock. Moreover, it does not seem to be the
reason for the more moderate output response to a monetary policy shock.

The second alternative hypothesis is that firm debt follows output. This hy-
pothesis cannot be confirmed, either. Even if the output response to a monetary
tightening in the second subsample is artificially forced to decrease along exactly
the same path as in the first subsample, the counterfactual debt response in the
second subsample remains positive. Moreover, even if both the federal funds
rate and output follow the same path as in the first subsample, the counterfac-
tual debt response in the second subsample does not decrease. This result differs
from the evidence in a related study of consumer finance by den Haan and Sterk
(2009). In this chapter, an increase of firm debt after a monetary tightening in
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the second subsample is more robust, which indicates that financial innovation
could have a different effect on firms than on households.

The analysis in this chapter has focused on total firm debt, which is a very
heterogeneous aggregate. It includes both short-term and long-term debt, as
well as funds borrowed on financial markets and those obtained in bilateral
transactions. Different forms of debt can potentially have different effects on
GDP and inventories. This is the subject of the next chapter.
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2.A Appendix A: Additional impulse responses
and variance decomposition

This appendix shows some of the statistics that complement the main text. It
first presents the impulse responses to a shock to the price level. These impulse
responses are not shown in the main text, but they are needed to understand
the contribution of the price level shock to the comovement between debt and
output. They are reproduced in figure 2.36 below. The appendix also displays
contributions of each particular shock to the variances of output and debt.

Figure 2.36: Impulse responses to a price level shock
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Notes: Responses to a one-standard-deviation shock to GDP deflator.

Contributions of individual shocks to variances of the two variables of interest
(output and firm debt) are presented in figures 2.37 to 2.40. The total adds up
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to one, so that the lines display the shares of each shock in the total variance of
the variable at different time horizons.

Figure 2.37: Variance decomposition for GDP in the first subsample
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Notes: Contributions of each particular shock to the variance of forecast errors.

Figure 2.38: Variance decomposition for GDP in the second subsample
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Notes: Contributions of each particular shock to the variance of forecast errors.
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Figure 2.39: Variance decomposition for debt in the first subsample
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Notes: Contributions of each particular shock to the variance of forecast errors.

Figure 2.40: Variance decomposition for debt in the second subsample
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Notes: Contributions of each particular shock to the variance of forecast errors.
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2.B Appendix B: Robustness

2.B.1 Lags, trends, seasonality, deflators
Lags

The results of the benchmark VAR are robust to different lag length specifica-
tions. Because the benchmark VAR is estimated in levels, the estimates are not
consistent if not enough lags are used. For the benchmark VAR in the first sub-
sample, the AIC criterion indicates two lags, the BIC one lag, and the Lagrange
multiplier test two lags. For any of the suggested lag lengths, the results are
not materially affected. For the benchmark VAR in the second subsample, the
AIC suggests five lags, the BIC two lags, and the Lagrange multiplier test four
lags. The results are not materially different for any of these lag lengths. To
keep matters simple and because quarterly data are used, a ‘natural’ choice of
the lag length of four seems plausible. This also facilitates the comparison with
the existing literature (for instance, Christiano, Eichenbaum, and Evans, 1996).

Trends

Using a different trend does not affect the results materially. Using a quadratic
or cubic trend gives very similar impulse responses both in terms of magnitudes
and significance.

Seasonally adjusted data

Using the seasonally adjusted data (X-12-ARIMA) and omitting quarterly dum-
mies in the VARs does not affect the results. The impulse responses remain
almost the same and the significance is not materially affected.

CPI as the measure of the price level

Using CPI as the measure of the price level (but deflating the variables by GDP
deflator) has no effect on the direction or magnitude of the debt and output
responses. A weak price puzzle that appears in the first subsample when GDP
deflator is used disappears if CPI is used. However, a slight price puzzle then
appears in the second subsample.

Deflators

Picking a different deflator (CPI, PPI or GDP deflator) has negligible effects on
the results.

Reordering

Benchmark VAR assumes that total debt cannot react to the federal funds rate
contemporaneously. When the financial variable is long-term debt, this is a
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reasonable assumption, as it is unlikely to adjust by much in the same quar-
ter when the interest rate changes (although this is possible). If the financial
variable is short-term debt, then it is reasonable to allow it to adjust contem-
poraneously to the federal funds rate (see Christiano, Eichenbaum, and Evans,
1996). Firm debt is a mix of both long-term and short-term debt, so this issue
may be subject to different interpretations. However, if the VAR is reordered in
such a way that debt is allowed to react contemporaneously to the federal funds
rate, this does not affect the results materially. In this case, the debt response
to a monetary tightening in the second subsample is even more pronounced.

2.B.2 Using sectoral GDP
The main text presents the evidence using GDP of the entire economy as the
measure of real activity. Given that the analysis is focused on firms in the
nonfarm nonfinancial corporate sector, using the real activity measure that is
associated with this particular sector could be more appropriate. Moreover,
because the aggregate output response to a monetary policy shock in the second
subsample is almost zero, the question arises as to whether the VAR is correctly
specified. Figure 2.41 shows the impulse responses after a monetary tightening
in a VAR in which sectoral output is used instead of aggregate output. The
impulse responses in the first subsample are almost the same as in the case where
the aggregate output is used. The main difference in the second subsample is
that output of the nonfarm nonfinancial corporate sector decreases significantly,
as would be expected after a monetary tightening. The decrease in real activity
is less than in the first subsample, which is consistent with the notion of the
Great Moderation. More importantly, the positive response of firm debt to a
monetary tightening is still present.
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Figure 2.41: Impulse responses to a monetary policy shock with sectoral output
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Notes: Responses to a one-standard-deviation shock to the federal funds rate.

2.B.3 Inventories
To investigate the hypothesis that the increase in debt after a monetary tight-
ening in the second subsample is used to finance the increase in inventories, it is
desirable to have a measure of how much firms actually paid for inventories (in
terms of the cost of materials, wages, etc.). The book value of inventories is the
first that comes to mind, but this is affected by the valuation method chosen
by the firms. Depending on whether the firms use FIFO (first-in-first-out) or
LIFO (last-in-first-out) to draw on their inventory, inventories in books will be
valued either at the most recent cost, or at the cost from the previous periods,
respectively.
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The fact that firms are free to change the valuation method may be even
more problematic and it is possible that they do this in a systematic way over the
business cycle. The main text displays the impulse responses for the inventories
series from the System of National Accounts (SNA), which is adjusted by the
BEA for the valuation effects. Valuation effects are also excluded in the previous
literature. For example, Carpenter et al. (1994) adjust book values for the
valuation effects due to FIFO or LIFO methods. Given their description of the
procedure (in the data appendix), the SNA series seems to be the closest to their
measure of inventories. As a robustness check, this section presents the impulse
responses to a monetary tightening in a VAR that uses book value of inventories
(that is, a series that includes the valuation effects). The series comes from the
Flow of Funds balance sheet data. As figure 2.42 shows, the impulse responses
are not materially different from those in the main text.
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Figure 2.42: Responses to a monetary policy shock
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Notes: Responses to a one-standard-deviation shock to the federal funds rate.

In the main text, a monetary tightening in the second subsample in a VAR
with inventories leads to a somewhat unexpected result that GDP increases
(although the increase is small and insignificant). It is prudent to investigate
whether the results reported in the main text still remain valid when the VAR
uses a measure of real activity that decreases after a monetary tightening in the
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second subsample. A measure of real activity that ensures a robust decrease of
real activity in the second subsample is GDP of the nonfarm nonfinancial cor-
porate sector. When this series is used in the VAR, real activity decreases after
a monetary tightening in the second subsample, but firm debt and inventories
still increase (as reported in the main text). Figure 2.43 displays the result.

Figure 2.43: Responses to a monetary policy shock when real activity decreases
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Notes: Responses to a one-standard-deviation shock to the federal funds rate.
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2.C Appendix C: Data
The following data series are used in the main analysis. Total debt series is
the sum of commercial paper, municipal securities, corporate bonds, bank loans
not elsewhere classified, mortgages, and other loans and advances. Other loans
and advances are themselves the sum of loans from savings institutions, loans
from finance companies, loans from the U.S. government, acceptance liabilities
to banks, loans from the rest of the world and loans from issuers of asset-
backed securities. The series that is equivalent to total debt is credit market
instruments.

Table 2.5: Data series
Code Series

FL104104005 Credit market instruments
FL103169700 Commercial paper
FL103162005 Municipal securities
FL103163003 Corporate bonds
FL103168005 Bank loans n.e.c.
FL103165005 Mortgages
FL103169255 Other loans and advances
FL103169525 Savings institutions
FL103169535 Finance companies
FL103169205 U.S. government loans
FL103169605 Acceptance liabilities to banks
FL263068000 Rest of the world
FL673069505 ABS issuers
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