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1 Introduction

A contractionary monetary policy shock, identified using a structural vector-autoregression,
triggers a decline in investment and consumption. As shown by Barsky, House, and Kimball
(2007) the standard two-sector New Keynesian model with sticky non-durable goods prices
and flexible durable goods prices fails to replicate this sectoral comovement in response to a
monetary contraction.! Our empirical exercise also points towards a transmission mechanism
of monetary policy operating through the credit market, as a policy tightening triggers a
rise in the excess bond premium. This is important since accounting for frictions in financial
markets can resolve the disconnect between theory and evidence. We show that in response
to a contractionary monetary policy shock, a two-sector New Keynesian framework with
financial frictions can generate a decline in sectoral outputs as well as a tightening in credit
conditions, through a rise in credit spreads, as is observed in the data.

We estimate a six-variable SVAR-IV model on US data and employ the monthly external
instrument recently proposed by Miranda-Agrippino and Ricco (2017) to identify unexpected
(conventional) monetary policy shocks. Using disaggregated industrial production indices,
we construct measures for durable and non-durable production. We find that a hike in the
policy rate leads to a persistent decline in both expenditure components, a rise in the excess
bond premium and a contraction in bank equity. The latter are indicative of frictions in
the supply of credit. Our results on sectoral co-movement and the transmission of monetary
policy through the credit market are also evident when using quarterly data for aggregate
consumption and investment, and identifying the monetary policy shock via standard recur-
sive or sign restrictions.?

As argued above, standard two-sector New Keynesian models find it difficult to accom-
modate for sectoral co-movement. We employ a model, developed in Gortz and Tsoukalas
(2017), where frictions in financial intermediation are key to generate responses that are in
line with the empirically documented patterns.® There are two notable features of this model
which distinguish it from the standard New Keynesian framework. First, it has two distinct

sectors for the production of investment and consumption goods, respectively. Second, firms

!This assumption about pricing is consistent with evidence provided by Bils and Klenow (2004) and
Klenow and Kryvtsov (2008) who document that durable prices are more flexible than non-durable prices.
In a recent paper, Di Pace and Hertweck (2019) demonstrate that the disconnect with the empirical evidence
on co-movement across expenditure categories also occurs in models featuring distinct consumption and
investment producing sectors (as opposed to durable and non-durable sectors).

2For further empirical evidence on sectoral co-movement, see e.g. Erceg and Levin (2006), Monacelli
(2009) or Di Pace and Hertweck (2019). Evidence for a countercyclical response of credit spreads is docu-
mented e.g. in Gertler and Karadi (2015), Cesa-Bianchi and Sokol (2017) and Bu, Rogers, and Wu (2021).

3Gortz and Tsoukalas (2017) use the model to study the propagation of anticipated technology shocks,
but do not discuss the transmission of monetary policy shocks.



in each sector face frictions in the supply of credit as in Gertler and Karadi (2011) which
give rise to positive credit spreads. The model consists of standard components and nests
for example frameworks such as Justiniano, Primiceri, and Tambalotti (2011), Gertler and
Karadi (2011), or the multi-sector model by Huffman and Wynne (1999). Following the
evidence in Bils and Klenow (2004) and Klenow and Kryvtsov (2008), we assume that prices
in the investment sector are more flexible than in the consumption sector.

In a model version without financial frictions, a contractionary monetary policy shock
triggers a decline in inflation which, via the New-Keynesian Phillips curve, implies a reduction
in consumption sector output. This reduction in production comes about as the firms in the
consumption sector that cannot adjust their prices, have to reduce output to keep pace with
the decline in the price level. The drop in consumption dampens demand for factor inputs in
that sector, putting downward pressure on the real wage and real marginal cost. Since labor
is perfectly mobile, and hence the real wage is common across sectors, this translates into
lower marginal costs in the investment sector.* For this reason, the real price of investment
— as a function of sectoral marginal cost and factor shares — falls, which in turn stimulates
the accumulation of capital, and yields a counterfactual response in investment.

Allowing for frictions in financial markets introduces an effect that more than offsets the
motive for capital accumulation. The contractionary monetary policy shock implies a drop
in the price of capital. This in turn harms equity of financial intermediaries and results in
lower lending to finance investment projects. Banks’ reduced demand for capital assets, as a
result of their poor capitalization, leads to a second round effect that dampens capital prices
and lending even further. To rebuild their balance sheets, banks increase credit spreads. In
comparison to the model with frictionless financial intermediation, the additional channel
that limits lending induces a fall in the production of investment goods. Consistent with
the empirical evidence, a contractionary monetary policy shock in the model with financial
frictions triggers a decline in sectoral outputs, a rise in credit spreads and a contraction in
bank equity.

It has long been recognized that structural models have a hard time generating co-
movement across expenditure categories in response to monetary policy shocks. Carlstrom
and Fuerst (2010) for example document the co-movement puzzle between durable and non-
durable outputs and show that it can be resolved in a model with nominal wage stickiness and
durable (housing construction) adjustment costs. In a similar vein, DiCecio (2009) shows that
nominal wage rigidities in a New Keynesian model featuring consumption and investment

producing sectors can address the co-movement puzzle. Katayama and Kim (2013) and Dey

4The assumption of perfect labor mobility and sector-specific capital is standard in multi-sector models.
For a discussion see e.g. Huffman and Wynne (1999).



and Tsai (2017) demonstrate that adopting particular preference specifications can help to
generate co-movement between expenditure categories.’?

Another strand of the literature puts emphasis on demand-side collateral constraints
in two-sector economies featuring durable and non-durable production (see e.g. Monacelli
(2009) and Iacoviello and Neri (2010)). A monetary tightening in such a setting triggers a
rise in durable assets trade between borrowers and lenders. As durable prices fall, borrowers
attach less value to durable assets, which in turn depresses the collateral value even fur-
ther. Collateral constraints however render durable prices more sensitive to monetary policy
shocks, which, as shown by Sterk (2010), tends to exacerbate the comovement problem (by
increasing the demand for durables and giving more incentive to firms to expand durable
production due to the fall in real marginal costs). In order to restrict the fluctuations in
durable prices, nominal price and wage rigidites are layered to limit the movements in the
real marginal cost of production in the durable sector. In contrast to this literature with
demand-side collateral constraints, and guided by the empirical evidence of a severe con-
traction in bank equity, we instead focus on frictions in the supply of credit. In addition,
our model can explain the positive credit spread between the lending and the deposit rates
which does not feature in the frameworks mentioned above.

We view the supply-side financial channel as an important mechanism to resolve the
co-movement puzzle which can be complemented by other mechanisms suggested in the lit-
erature. We show explicitly that the effect of the financial channel is strengthened through
the introduction of nominal wage rigidities, and we discuss variations in the degree of in-
vestment sector price stickiness. However, our work goes beyond earlier suggestions in an
important dimension. As a distinguishing feature, the financial channel we highlight does
not only allow us to resemble the empirical movements of real expenditure categories, but
also the patterns of financial variables such as the excess bond premium and bank equity.
As such, our work links to a large literature that emphasizes the importance of financial
frictions for the transmission of a variety of economic shocks.® In a recent paper, Caldara
and Herbst (2019) stress in particular the importance of accounting for movements in the

excess bond premium when investigating the effects of monetary policy shocks.

®Other real frictions are considered in the literature to solve the comovement problem. Di Pace and
Hertweck (2019) argue that allowing for search and matching frictions (and habits in consumption) can
match the observed co-movement patterns as well as the persistent decline of sectoral outputs. Di Pace
(2008), Sudo (2012), Bouakez, Cardia, and Ruge-Murcia (2011) and Petrella, Rossi, and Santoro (2019)
show that inter-sectoral linkages result in greater inertia in the real marginal cost of the durable sector which
helps restoring co-movement.

6See e.g. Kiyotaki and Moore (1997), Gertler and Kiyotaki (2010), Gertler, Kiyotaki, and Queralto (2012),
Christiano, Motto, and Rostagno (2014), Gertler, Kiyotaki, and Prestipino (2016a,b), Gertler, Kiyotaki, and
Prestipino (2020) and Gortz, Tsoukalas, and Zanetti (2021).



The remainder of this paper is organized as follows. Section 2 presents the empirical
model and results. Section 3 outlines the structural model and inspects the transmission

mechanism. Section 4 concludes.

2 Empirical Evidence

2.1 SVAR-1IV Identification and Data

We adopt a Vector Autoregressive (VAR) model to study the transmission of monetary policy
innovations. In particular, we assume that the dynamics of the variables of interest can be
described by a reduced form VAR of order p which takes the form:

Y = q)o + q)lytfl —+ ---q)pytfp + € with €t ~~ N (O, E) y

where ¢; is a vector of i.i.d. innovations with mean zero and variance X = [E (ete;). Dy, D,
...,®, are matrices of appropriate dimensions capturing the dynamics of the system. y, is a
N x 1 vector that contains the observations for N variables at monthly frequencies for the
Us.

The set of observable variables include the log of the consumer price index (CPI), the
log of real industrial production (IP) durable investment, the log of real IP non-durable
consumption goods, the log of real industrial production, the monthly 1-year Treasury Bill
(TB) constant maturity rate, and the excess bond premium (EBP). The monthly investment
and non-durable consumption series have been constructed using the Industrial Production
and Capacity Utilization tables published by the Federal Reserve Board. Monthly (gross
value) industrial production for investment is computed by removing non-durable consump-
tion and defense spending through the adoption of relative importance weights. Details on
the sources and construction of all variables used in this section can be found in Appendix
A. We consider a sample from 1973M1 to 2009M 12, as EBP data is only available from
1973M1. We exclude the period when the policy rate hits the zero lower bound as our focus
is on conventional monetary policy. We set the lag length of the VAR to 12 as is standard
when employing monthly data. The reduced form VAR is estimated using Bayesian tech-
niques. We adopt Jeffrey (non-informative) priors, and 5,000 draws are generated from the
posterior distribution of the parameters using a Gibbs sampler algorithm.”

Miranda-Agrippino and Ricco (2017) construct an informationally-robust high-frequency

instrument for monetary policy shocks by projecting market-based monetary surprises on

"We facilitate the estimation using the Toolbox developed by Canova and Ferroni (2020).



their own lags and on the central bank’s information set.® The external instrument is avail-
able for the period 1991M1 to 2009M 12 and Miranda-Agrippino and Ricco (2017) show that
the identification approach is not subject to either price or output puzzles. We employ this
instrument to identify monetary policy shocks in an SVAR-IV (see Stock and Watson (2012,
2018); Mertens and Ravn (2013)). The idea behind this approach is that the disturbance of
interest is identified by the predicted value in the regression of a reduced form VAR innova-
tion on the instrument. For the approach to provide valid inference we need the instrument
to be relevant (i.e. correlated with the disturbance of interest) and exogenous (uncorrelated

with the other disturbances).’

2.2 SVAR-IV Results

Figure 1 reports the impulse responses to a one standard deviation unexpected contractionary
monetary policy shock. We report the median response from the posterior distribution as well
as the 68% and 90% confidence sets. In response to an interest rate hike output, measured
by industrial production, falls persistently. This, as well as the decline in CPI, is in line
with the findings in Miranda-Agrippino and Ricco (2017). What our exercise adds is that
we document co-movement across expenditure categories alongside a significant rise in the
excess bond premium. Both, durable investment and non-durable consumption decline. In
particular, the former responds more strongly to the monetary tightening than the latter.
Gilchrist and Zakrajsek (2012) argue that the excess bond premium captures credit supply
conditions in the economy, so that the significant increase in this measure, shown in Figure
1, indicates a tightening in credit supply.!°

The results above point towards a transmission mechanism of monetary policy operating

through the credit channel. The tightening in credit conditions can, in the context of a

8The market based surprises are high-frequency price revisions in traded interest rates futures triggered
by a policy announcement. The central bank’s information set is captured by Greenbook forecasts.

9For a correctly specified VAR being able to capture the data generating process, and under the assump-
tion of invertibility in the structural shocks, the validity of an instrument z; to identify a shock of interest —

e.g. a monetary policy shock v, — depends on the following set of conditions:

(@) E["s] =9,
(i) E[wP7] =0,

where 1" and V?ﬂj denote the monetary policy shock and any other shock in the system respectively. The
structural shocks v, are invertible if ¢, = Quy, where Q identifies the mapping between the structural shocks
and the reduced-form one-step-ahead forecast errors.

10These results are robust to using the Federal Funds Rate instead of the 1-year Treasury Bill rate. The
same holds if we extend the sample up to 2019M 12, which also includes times of unconventional monetary
policy and policy rates at the zero lower bound. Details are provided in Appendix B.
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Figure 1: Impulse responses to an unexpected monetary tightening

Notes: This figure shows the (monthly) empirical impulse responses to a (one standard deviation)
monetary policy shock. The median monthly response is shown in solid blue, with the dark and light
grey areas denoting the 68% and 90% confidence bands respectively. With the exception of the 1-year
Treasury Bill (TB) rate and the Excess Bond Premium (EBP), responses are expressed in percentage
deviations. Rates and premiums are expressed in percentage points.

structural model, in principle be helpful to facilitate co-movement of sectoral outputs. To

further understand the workings of the financial channel and thereby inform the mechanism

in the structural model considered below, we inspect the response of commercial bank’s

equity to the monetary policy shock.!! Figure 2 shows the responses to a contractionary

11 We obtain the market value of commercial bank’s equity from the Center for Research in Security Prices

(CRSP). Details are provided in Appendix A.
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Figure 2: Impulse responses to an unexpected monetary tightening

Notes: This figure shows the (monthly) empirical impulse responses to a (one standard deviation)
monetary policy shock. The median monthly response is shown in solid blue, with the dark and light
grey areas denoting the 68% and 90% confidence bands respectively. With the exception of the 1-year
Treasury Bill (TB), responses are expressed in percentage deviations. The policy rate is expressed in
percentage points.

monetary policy shock when we replace the excess bond premium with bank equity in our
VAR system. The responses of CPI and the activity variables are very similar to the ones
reported in Figure 1. The important takeaway from Figure 2 is that bank equity contracts

substantially in response to a monetary tightening which is indicative of severe frictions in

the supply of credit, generating greater persistence in the responses of all variables.

Our results are relevant also insofar as the (conditional) procyclicality of sectoral outputs



and the countercyclical response of the excess bond premium are consistent with variables’
respective unconditional correlations with aggregate output. After detrending, using the
methodology proposed by Hamilton (2018), we find that unconditional correlations between
the aggregate IP index and (IP) non-durable consumption, (IP) durable investment and the
excess bond premium are 0.71, 0.93 and —0.28 respectively. The correlation between the
durable and non-durable measures is 0.40. These unconditional statistics support the notion
that our identified monetary policy shocks are potentially relevant driving forces of aggregate

fluctuations.

2.3 Robustness on Shock Identification and Data Frequency

The use of industrial production for the identification of monetary policy shocks at monthly
frequency is appealing, yet our constructed measure for (IP) non-durable consumption ex-
cludes services which is not available at monthly frequency. This implies that in the above
exercise we may miss large part of the variation in aggregate consumption. Other studies,
such as e.g. Justiniano, Primiceri, and Tambalotti (2010), use a quarterly measures of aggre-
gate consumption, that consist of chain-linking non-durable consumption and services, and
also an aggregate investment measure, which is computed by combining fixed investment
and durable consumption. We therefore adopt these more conventional measures of aggre-
gate consumption and investment to evaluate co-movement patterns in response to monetary
policy shocks at quarterly frequencies. We further scrutinize the robustness of our findings
by identifying a monetary policy shock using recursive schemes and sign restrictions.

In our quarterly VAR specifications the observable variables are the log of the consump-
tion deflator, the log of investment, the log of consumption, the log of gross domestic product
(GDP), the quarterly 1-year treasury bill constant maturity rate, and the excess bond pre-
mium. Investment, consumption and GDP are all expressed in real per-capita terms. Details
on the variable construction and data sources are provided in Appendix A. Consistent with
the monthly VAR, the sample size ranges from 1973Q1 until 2009Q4.

Using the quarterly VAR, we first apply a recursive identification scheme. The identifi-
cation strategy to retrieve the monetary policy innovation from the rotation matrix consists
of assuming a recursive timing restriction on the variables in the VAR. Our identification
is such that a shock to the policy rate only has an instantaneous effect on the excess bond
premium (i.e., the assumption that financial variables respond on impact to the monetary
shock). This implies that all the other variables do not react contemporaneously to changes

in the 1-year treasury bill rate. The rate instead responds contemporaneously to all the
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Figure 3: Impulse responses to an unexpected monetary tightening: recursive identification

scheme

Notes: This figure shows the (quarterly) empirical impulse responses to a (one standard deviation)
monetary policy shock identified under a recursive identification scheme. The median (quarterly) re-
sponse is shown in solid blue, with the dark and light grey areas denoting the 68% and 90% confidence
bands respectively. With the exception of the 1-year Treasury (Bill) rate and the Excess Bond Pre-
mium (EBP), responses are expressed in percentage deviations. Rates and premiums are expressed in

percentage points.

Figure 3 shows impulse responses to a (one standard deviation) monetary policy shock

(tightening). In line with the findings in Section 2.2 above, an unexpected rise in the interest

12We estimate the VARs using Bayesian methods with non-informative priors. We set the lag length to

four.



rate leads to a contraction in GDP, consumption and investment. Also the rise in the excess
bond premium is in line with results obtained under the high frequency identification. Note
that consumption prices increase in the short term (yet not significantly), exhibiting the well
known price puzzle, before they decline in the long run.*

Since the price puzzle in Figure 3 may be of concern, we further identify monetary policy
shocks using sign restrictions in the quarterly VAR as in Faust (1998), Canova and Nicolo
(2002), and Uhlig (2005). The advantage of this approach is that the sign restrictions are
in line with the predictions of a wide range of general equilibrium models and also with
prior beliefs accepted by researchers. The sign restrictions are specified such that price and
quantities fall for five quarters after an expected monetary tightening. We leave the sign of
the excess bond premium unrestricted. The sign restrictions for the monetary policy shock

are summarized in Table 1.

Table 1: Sign Restrictions

Shock/Variable 1-year TB  Prices Consumption Investment GDP EBP
MP + - - - -

Notes: Blank entries denote that no sign restriction is imposed. The sign restrictions are
imposed for five quarters.

Based on this identification, Figure 4 exhibits the impulse responses to a (one standard
deviation) monetary tightening. The figure shows patterns consistent with the results using
the instrumental variable approach in that the monetary policy shock is deflationary. Also
the co-movement patterns of expenditure categories and the tightening in credit conditions
are consistent with the two other identification schemes. Overall, we note that the patterns
documented in this section are robust: a tightening in monetary policy leads to a decline
in output of the investment and consumption producing sectors, a rise in the excess bond
premium and a drop in bank equity. The decline of investment is more pronounced than the
one of consumption. In the next section, we turn to a structural model that can qualitatively

generate such dynamics.

13The results with bank equity in lieu of the excess bond premium are robust to using other identification
strategies.
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Figure 4: Impulse responses to an unexpected monetary tightening: identification using sign

restrictions

Notes: This figure illustrats the (quarterly) empirical impulse responses to a (one standard deviation)
monetary policy shock identified under sign restrictions. The median (quarterly) response is shown in
solid blue, with the dark and light grey areas denoting the 68% and 90% confidence bands respectively.
With the exception of the 1-year Treasury (Bill) rates and the Excess Bond Premium (EBP), responses
are expressed in percentage deviations. Rates and premiums are expressed in percentage points.
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3 A Two-Sector Model with Financial Frictions

3.1 Model Overview

The baseline model we adopt is akin to Gortz and Tsoukalas (2017) which nests for example
the widely used models by Justiniano et al. (2010) and Huffman and Wynne (1999). Our
baseline model can be interpreted as a two-sector version of the former, or a version with
nominal rigidities of the latter framework. Our baseline model differs from these models
in that it includes supply-side frictions in financial intermediation as in Gertler and Karadi
(2011). In the following, we provide only a brief overview about the model as it consists of
components that are by now relatively standard in the literature. A detailed exposition of
the model is provided in Appendix C.14

The model comprises of two production sectors, one for investment goods and the other
one for consumption goods. In each sector, a continuum of sector-specific firms use cap-
ital and labor to produce intermediate sectoral output goods. The firms are subject to
sector-specific pricing contracts (as in Calvo (1983)) when re-setting prices. The sectors are
connected in a way that firms from both sectors use the output goods of the investment sector
to build and maintain their respective capital stocks. As it is standard in many multi-sector
models, capital is assumed to be sector-specific, but labor is assumed to be fully mobile.?

In addition to nominal price rigidities, the model features a standard set of real rigidities
— investment adjustment costs, habit formation and variable capacity utilization — that the
literature introduced to help matching the hump shaped responses in the data. Households
consume non-durable goods, supply labor for production and save in the form of interest-
bearing deposits. Sector-specific financial intermediaries collect deposits from households
and use these, together with their own equity, to finance firms’ acquisition of capital. This
financial channel in the model is subject to leverage constraints as in Gertler and Karadi
(2011) and Gertler and Kiyotaki (2010). Financial intermediaries are limited from infinitely
borrowing households’ funds by a moral hazard/costly enforcement problem. This moral
hazard problem introduces an endogenous leverage constraint, so that these frictions in
financial markets limit the banks’ ability to acquire assets. Finally, there is a monetary
authority that sets the nominal interest rate following a Taylor rule.

We rely on the estimates in Gortz and Tsoukalas (2017) — who estimate the quarterly

model using Bayesian techniques — to assign parameter values. Their estimates are also

14The model can also be interpreted as a version of the framework in DiCecio (2009) enriched with frictions
in financial markets.

15Limited capital mobility is known to be able to correct many counterfactual predictions of one sector
models with respect to both aggregate quantities and asset returns (see e.g. Huffman and Wynne (1999)
and Papanikolaou (2011).

12



broadly in line with those in Justiniano et al. (2010) and Khan and Tsoukalas (2012). Details
of the model’s calibration are provided in Appendix C.2. Our only deviation from the
parameter estimates is that we assume prices in the investment sector to be fully flexible.
We do so to stay close to the micro-econometric evidence, which suggests that durable
prices are flexible (see e.g. Bils and Klenow 2004 and Klenow and Kryvtsov 2008), and to
retain comparability with previous studies on the co-movement puzzle who conformed to
this assumption (see e.g. Monacelli (2009), Carlstrom and Fuerst (2010) and Katayama and
Kim (2013)). We show in the next section that our results are robust to deviating from the
assumption of fully flexible prices in the investment sector and also hold using the estimates

in Gortz and Tsoukalas (2017) for all parameters.

3.2 Sectoral Co-movement and the Response of Credit Spreads

In this section, we use the structural model to investigate whether the theoretical impulse
responses are in line with their empirical counterpart as documented in Section 2: a con-
traction in the production of both consumption and investment goods, and a rise in credit
spreads.

Figures 5 and 6 show the baseline model’s responses to a one standard deviation con-
tractionary monetary policy shock (solid lines). The rise in the policy rate triggers a decline
in total output, as well as in investment and consumption. Consistent with the empirical
evidence, the drop in investment sector production is larger than the one in the consumption
goods producing sector. The contraction in sectoral outputs comes along with a fall in hours
worked and a reduction in the real wage and real marginal cost. The resulting decline in in-
flation is in line with the empirical evidence, which also holds for the observed hike in credit
spreads and the decline in bank equity. Overall, we find our baseline model with frictions in
financial markets is able to match well the empirical responses documented in Section 2.

Figures 5 and 6 also include responses of a restricted model which abstracts from financial
frictions (dash-dotted lines).!® Tt is well known that this type of standard New Keynesian
model fails to replicate the co-movement of sectoral outputs in response to a monetary
contraction (see e.g. Barsky et al. (2007)). Our exercise confirms this finding. The model
variant without financial frictions displays a decline in consumption and aggregate output,
but it falls short of delivering co-movement as investment goods production increases. It is
evident from Figure 5 that the counterfactual positive response in investment is even more
pronounced in the absence of investment adjustment costs. In a model variant without

financial frictions and without investment adjustment costs (dashed lines), we observe a

16The parametrization for this model is shown in Appendix C.2 and is consistent with estimates in Gortz
and Tsoukalas (2017) for this model variant.
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Figure 5: Impulse responses to a monetary contraction.

Notes: This figure shows the impulse responses to a (one standard deviation) monetary policy shock
in the baseline model - featuring financial frictions - (solid blue lines) and in the frictionless model
(dash-dotted red lines). Responses are expressed in percentage deviations from steady state values.
Aggregate credit spreads and aggregate bank equity are computed as a weighted average between the
corresponding sectoral variables. In the legend IAC denotes investment adjustment costs.

substantial expansion in the accumulation of physical capital.

Why does the standard New Keynesian two-sector model fail to deliver the co-movement
of consumption and investment? In the model version without financial frictions (dash-dotted
lines), a rise in the policy rate comes along with a decline in inflation. The latter implies,
via the New-Keynesian Phillips curve, a drop in goods produced in the consumption sector.

The reason is that firms which cannot adjust their prices have to reduce output to keep pace
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Notes: This figure shows the impulse responses to a (one standard deviation) monetary policy shock
in the baseline model - featuring financial frictions - (solid blue lines) and in the frictionless model
(dash-dotted red lines). Responses are expressed in percentage deviations from steady state values.

Aggregate credit spreads and aggregate bank equity are computed as a weighted average between the
corresponding sectoral variables. In the legend IAC denotes investment adjustment costs.

with the decline in the price level.!” This comes along with a reduction in input demands
in the consumption sector (i.e. capital and labor), which in turn puts downward pressure
on the real wage and sectoral rental rates, and hence translates into a lower sectoral real

marginal cost. Due to the assumption of perfect labor mobility, the real wage is common

17See Rupert and Sustek (2019) who show that the monetary policy transmission mechanism in New-
Keynesian models does not, as conventionally assumed, operate through the real interest rate channel.
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across sectors. So the drop in the real wage also implies lower production costs for the
investment sector at the margin. This is reflected in a decline in the real price of investment,
which is a function of sectoral marginal cost and sectoral factor shares. The lower price for
investment goods stimulates the accumulation of capital and drives up the production of
investment goods.

Having understood the shock transmission in the model without financial frictions, what
are the mechanisms that allow for co-movement of investment and consumption in the base-
line model? The transmission mechanism outlined for the model without financial frictions
is also present in our baseline model. However, in addition to the already discussed reduc-
tion in demand for consumption goods and the decline in factor prices, the baseline model
exhibits an additional channel that dampens the accumulation of investment goods due to
an endogenous weakening in bank’s financial position. The additional dynamic responses of
the baseline model provided in Figure 7 can help to illustrate this channel. The contrac-
tionary monetary policy shock leads to a drop in the price of capital (Tobin’s marginal Q).
Financial intermediaries collateralize against the physical capital stock so that a lower price
of capital results in a fall in the value of their capital claims, and subsequently in a deterio-
ration of their equity capital. The substantial decline in bank’s net worth shown in Figure 7
is consistent with the empirical evidence on the severe contraction of bank equity reported
in Section 2.2. This is important as the dynamics of bank’s equity capital are behind a
sharp contraction in credit supply. Since banks are leverage constrained, the decline in bank
equity exacerbates the amount of lending to the real economy, and hence results in reduced
funding of investment projects. The latter, in a second round effect, dampens the price of
capital further and harms lending even further. So the tightening of credit conditions in
the baseline model is the channel, in comparison to the frictionless model, that limits the
financing of investment projects and thereby induces a contraction in investment. Alongside
the reduction in consumption, the fall in investment is consistent with the empirical evidence
on co-movement of sectoral outputs.

To rebuild balance sheets, financial intermediaries increase the spread between the in-
terest rate charged on loans and the interest rate paid on deposits — the latter is equal
to the policy rate in the model. This rise in sectoral credit spreads shown in Figure 7 is
consistent with the empirical responses in aggregate spreads discussed in Section 2. When
financial intermediation is frictionless, there is no wedge between loan and deposit rates.
Our model without financial frictions, like the other existing frameworks suggested in the
literature to resolve the co-movement puzzle, falls short in jointly matching the dynamics
of real and financial variables in response to a monetary policy shock, thereby neglecting

an important channel for the transmission of the monetary policy shock. With respect to
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Figure 7: Impulse responses to a monetary contraction — sectoral variables of the baseline

model

Notes: This figure shows the impulse responses to a (one standard deviation) monetary policy shock
to variables in the consumption sector (solid yellow lines) and in the investment sector (dash-dotted
purple lines). Responses of sectoral credit are expressed in basis points. Responses of all remaining
variables are expressed in percentage deviations from steady state values.

facilitating co-movement of sectoral expenditure categories, and in light of the empirical

evidence on the importance of credit conditions for macroeconomic outcomes, we view the

transmission channel operating via frictions in financial markets as one that should not be

ignored.
Next, we briefly discuss the inclusion of additional channels suggested in the literature and
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Figure 8: Impulse responses to a monetary contraction — model variants with additional

nominal rigidities.

Notes: This figure shows the aggregate impulse responses to a (one standard deviation) monetary
policy innovation in the baseline model (solid blue lines), the frictional model with nominal wage
rigidities (dash-dotted red lines) and the frictional model with nominal rigidities in the investment
sector (dotted yellow lines). Apart from the credit spread, responses are expressed in percentage

deviations from steady state values.



provide evidence for the robustness of our findings derived from the structural model. The
financial channel we highlight above, suffices on its own to generate the empirically observed
patterns in real quantities and credit spreads. But even though mechanisms put forward in
the literature to solve the co-movement puzzle cannot account for the movements in spreads
(or in other financial variables), they can potentially complement the credit channel in gen-
erating co-movement in consumption and investment. Carlstrom and Fuerst (2010) and
DiCecio (2009) suggest nominal wage rigidities as a potential solution to the co-movement
puzzle. Figure 8 shows responses from the baseline model enriched with nominal wage rigidi-
ties (dashed lines). To conduct this first experiment, we take the parameters for the Calvo
wage stickiness parameter (£, = 0.6599) and wage indexation (i, = 0.1306) as estimated
in Gortz and Tsoukalas (2017). The responses of the baseline model (solid lines) are shown
for comparison. The model predictions are qualitatively very similar when nominal wage
stickiness is considered. As one would expect, this additional mechanism helps with the
co-movement and triggers an even stronger contraction in consumption and investment and,
as a result, in output. In addition, the response of credit spreads is robust in that they
continue to rise in the wake of a monetary innovation.

We scrutinize the analysis above along a second dimension. In calibrating our baseline
model, we have assumed full flexibility of prices in the investment goods producing sec-
tor. Even though microeconomic evidence suggests rather flexible prices in this sector, for
expositional purposes we relax this assumption. In particular, we set the price Calvo prob-
ability to &,; = 0.7058, price indexation in the investment sector to ¢,, = 0.3033 and retain
&w = 0.6599 and ¢, = 0.1306 as in the first exercise, so that the model is calibrated exactly
at the estimates of Gortz and Tsoukalas (2017). Figure 8 (dotted lines) shows that our re-
sults on co-movement and the countercyclicality of spreads are still present when introducing
price stickiness in the investment sector. These additional nominal frictions result in greater
sectoral and aggregate output amplification.

Overall, the two exercises show that adding further nominal rigidities to the baseline
model does not qualitatively affect the results. It has been argued in the literature that
particularly nominal wage rigidities help with the sectoral co-movement and hence trigger,
in combination with the financial channel, an even stronger decline in sectoral production. If
anything, accounting for nominal wage rigidities further strengthens the results insofar as the
response of the excess bond premium becomes neatly positive. However, wage rigidities on
their own, without frictions in financial markets, can neither account for the countercyclical

movements in credit spreads nor generate amplification in the responses of investment.
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4 Conclusion

We show that an unexpected contractionary monetary policy shock, identified using struc-
tural vector autoregressions, triggers a decline in investment and consumption, but also leads
to a tightening in credit conditions through a rise in the excess bond premium and a contrac-
tion in bank equity. The transmission of monetary policy shocks operating through financial
markets turns out to be important. The standard New Keynesian two-sector model cannot
generate comovement across durable and non-durable production after a monetary shock,
being at odds with the empirical evidence. We show that one way to resolve this, so called,
co-movement puzzle, is to introduce frictions in financial intermediation a-la Gertler and
Karadi (2011) in an otherwise standard two-sector model. As a distinguishing feature from
other mechanisms suggested in the literature to resolve the co-movement puzzle, the financial
channel we highlight, does not only allow the model to resemble the empirical movements of
real expenditure categories, but also the documented patterns in bank equity and the excess

bond premium.
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Appendix (for online publication)

A Data Sources and Observable Construction

Table 2 provides an overview of all monthly and quarterly time series used in Section 2. We
construct durable investment and non-durable consumption of industrial production using
formulas advised by the US Federal Reserve. Details are available at the Federal Reserve
Board website https : //www.federalreserve.gov/releases/G17/20200814 /ipdisk/rel_imp.htm. The
excess bond premium is taken from Gilchrist and Zakrajsek (2012). All time series are
seasonally adjusted (where applicable). Table 3 summarizes all transformations to the data
prior to their use as observables in the VAR.

The monthly market value of commercial bank’s equity is constructed using monthly
data from the Center for Research in Security Prices (CRSP). From the raw data we re-
tain companies with the following SIC codes to cover the commercial banking sector: 6021
(National Commercial Banks), 6022 (State Commercial Banks), 6029 (Commercial Banks,
not elsewhere classified), 6081 (Branches and Agencies of Foreign Banks), 6153 (Short-Term
Business Credit Institutions, except Agricultural), 6159 (Miscellaneous Business Credit In-
stitutions) and 6111 (Federal and Federally-Sponsored Credit Agencies). The market value
is calculated as the product of Price (PRC) and Shares Outstanding (SHROUT') and subse-
quently aggregated for each month. The final series for total equity is generated by taking
the log after dividing by the consumption deflator.
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Table 2: Definitions and sources of raw data.

Series Definition Source Mnemonic
Monthly Series
CPI consumer price index for all urban consumers: all Items in U.S. city average = FRED CPIAUCSL
1P industrial production Index: Total Index FRED INDPRO
GVIP industrial production: final products (gross value) FRB GVIP.T50002.S
GVIP™  industrial production: non-durable consumption (gross value) FRB GVIP.T51200.S
GVIP? industrial production: durable consumer goods (gross value) FRB GVIP.T51100.S
GVIPY industrial production: defense and space equipment (gross value) FRB GVIP.T52300.S
RIW final product (RIW) FRB RIW.B50002.S
RIW™ durable consumer goods (RIW) FRB RIW.B51100.S
RIWY defense and space equipment (RIW) FRB RIW.B52300.5
pB price of commercial banks CRSP PRC
SB shares outstanding of commercial banks CRSP SHROUT
Quarterly Series
NY: nominal GDP BEA Table 1.1.5, Line 1
NCf nominal durable goods BEA Table 1.1.5, Line 4
NCt"d nominal non-durable goods BEA Table 1.1.5, Line 5
NC} nominal services BEA Table 1.1.5, Line 6
NI nominal investment BEA Table 1.1.5, Line 12
Py price deflator, GDP BEA Table 1.1.9, Line 1
Ptd price deflator, durable goods BEA Table 1.1.9, Line 4
PP price deflator, non-durable goods BEA Table 1.1.9, Line 5
Py price deflator, services BEA Table 1.1.9, Line 6
Pti price deflator, investment BEA Table 1.1.9, Line 12
POP; civilian population 16+ FRED CLP160OV
Monthly and Quarterly Series
GS1 1-year treasury constant maturity rate FRED GS1
Table 3: Observable variables used in the SVARs.
Variable Symbol Transformation
Monthly Data
industrial production (IP) ipt In(IP;) x 100
(IP) non-durable consumption (gross value) guipp? In (IP4) x 100
(IP) investment (gross value) guipt In (IPf) x 100
CPI cpit In (CPI;) x 100
Excess Bond Premium ebpy EBP;
1-year Treasury Bonds rate e ((1 + GS14/100)1/12 — 1) x 100
Market value of commercial bank’s equity ng In(3(PB x $B)/CPI)
Quarterly Data
per capita consumption ct In (C¢/Popt) x 100
per capita investment it In (It/Pop¢) x 100
per capita gross domestic product gdpt In (GDP;/Popt) x 100
consumption deflator s In (Pf)
Excess Bond Premium ebpt EBP;
1-year Treasury Bonds rate T (14 GS14/100)1 /% — 1
Market value of commercial bank’s equity ng In(3(PB x SB)/(Pop: x Pf))

Notes: C; and I; denote the chain-linked real consumption and investment aggregates and Py the
resulting consumption implicit price deflator.
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B Additional Empirical Evidence

This section provides additional evidence on the robustness of our empirical results. In par-
ticular, we show that the results corresponding to Figure 1 are robust to using an alternative
measure for the policy rate and to extending the sample.

Figure 9 shows responses to an unexpected monetary policy shock identified using the
SVAR-IV identification on our monthly sample from 1973M1 to 2009M 12. Instead of the
1-year treasury bill, we use the Federal Funds Rate as a measure for the policy rate. The re-
sponses correspond qualitatively, and to a large extent also quantitatively, to the ones shown
in Figure 1. The monetary tightening triggers a rise in the policy rate and a decline in in-
flation. Industrial production and its investment and non-durable consumption components
decline in response to the shock and we observe a rise in the excess bond premium.

In Section 2, we restrict our sample to end in 20090112 when the policy rate hits the zero
lower bound. This conservative cut-off for our sample is consistent with choices on sample
endpoints made in existing studies, see e.g. Caldara and Herbst (2019). It ensures that we do
not capture the presence of the zero lower bound or the effects of unconventional monetary
policy in our baseline estimates. Nonetheless, we scrutinize the robustness of our findings
also over a longer sample that ends in 2019M12. Figure 10 shows responses to an unexpected
monetary policy shock identified using the SVAR-IV identification over the sample 1973M 1
to 2019M12. An unexpected monetary tightening triggers a decline in industrial production,
IP investment and IP non-durable consumption. The increase in the Federal Funds Rate
comes along with a decline in CPI and a tightening in credit conditions indicated by the rise
in the excess bond premium. As such, these results correspond closely to the ones shown in

Section 2 on the shorter baseline sample.
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Figure 9: Impulse responses to an unexpected monetary tightening.

Notes: This figure shows the (monthly) empirical impulse responses to a (one standard deviation)
monetary policy shock. Sample: 1973M1 to 2009M 12. The median monthly response is shown in solid
blue, with the dark and light grey areas denoting the 68% and 90% confidence bands respectively.
With the exception of the FFR and the Excess Bond Premium (EBP), responses are expressed in
percentage deviations. Rates and premiums are expressed in percentage points.
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Figure 10: Impulse responses to an unexpected monetary tightening.

Notes: This figure shows the (monthly) empirical impulse responses to a (one standard deviation)
monetary policy shock. Sample: 1973M1 to 2019M12. The median monthly response is shown in solid
blue, with the dark and light grey areas denoting the 68% and 90% confidence bands respectively.
With the exception of the FFR and the Excess Bond Premium (EBP), responses are expressed in
percentage deviations. Rates and premiums are expressed in percentage points.
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C The Structural Model

This section presents the the details of the two-sector model and provides an overview about

parameter estimates used to calibrate the model.

C.1 Details of the Two-Sector Model
C.1.1 Intermediate and final goods production

Intermediate goods in the consumption sector are produced by a monopolist according to
the production function,

Cili) = mar{ A L)' (K, (1) = AV Fos0}.
Intermediate goods in the investment sector are produced by a monopolist according to the

production function,
1
1) = maa { V(L1 ()~ (K1 (0)* — Vi B0,
where K, ;(7) and L, (i) denote the amount of capital services and labor services rented by

firm 7 in sector x = C, I and a,, a; € (0,1) denote capital shares in production.!® The vari-

ables A; and V; denote the (non-stationary) level of TFP in the consumption and investment

sector respectively, and z; = ln( Afil) and v, = ln(v}i) denote corresponding (stationary)
stochastic growth rates of TFP.?

The intermediate goods producers set prices according to Calvo (1983) contracts. In each
period ¢, a randomly selected fraction of intermediate firms, (1—¢, ), in sector x = C, I reop-
timize their prices. The complementary fraction, &, ,, set prices according to the ind?xation
rules, Pey(i) = Popa (mgsyms ™, Proli) = Pra@ritm ™ () () ™)™

-1 l-ac
P l—a; . . . .
where oy = and m; = 5 < At > ( Ve ) is gross inflation in the two sectors,

Pc i1 Pri1 \ A1 Viea
7o, mr denote steady state values and ¢, ¢y, denote indexation parameters. The factor that
appears in the investment sector expression adjusts for investment specific progress.

Final goods, C; and I;, in the consumption and investment sector respectively, are pro-

duced by perfectly competitive firms combining a continuum—C4 (i) and I;(i)—of interme-

18Fixed costs of production, Fo, F; > 0, ensure that profits are zero along a non-stochastic balanced
growth path and allow us to dispense with the entry and exit of intermediate good producers (Christiano,
Eichenbaum, and Evans (2005)). The fixed costs are assumed to grow at the same rate as output in the
consumption and investment sector to ensure that they do not become asymptotically negligible.

19For ease of exposition, these latter processes, along with all other exogenous processes introduced in
various parts of the model will be described in Section C.1.7.
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diate goods, according to the technology,

1 S S 1+/\g’t 1 1 1+)‘IIM
/ (Ct(i))l“ﬁtdz'] . I = [ / (It(@'))mé,td@'] ,
0 0

The elasticities )\}(;j . and )\éyt are the exogenous stochastic process of (sectoral) price markup

Ct:

over marginal cost. As is standard in New Keynesian models, prices of final goods are CES

aggregates of intermediate good prices.

C.1.2 Households

Following Gertler and Karadi (2011), households consist of two member types, workers (rel-
ative size 1 — f) and bankers (relative size f). Workers supply (specialized) labor, indexed
by 7, and earn wages while bankers manage a financial intermediary. The household thus
effectively owns the intermediaries managed by its bankers, however the household does not
own the deposits held by the financial intermediaries. Within a household there is perfect
consumption insurance. While over time the overall proportion of bankers and workers re-
mains constant, household members switch between the two occupations to avoid that over
time bankers can fund all investments from their own capital. In particular, bankers become
workers in the next period with probability (1 — 6p) and in this case transfer their retained
earnings to their household. Workers who become new bankers are provided with start up

funds by the household. The household maximizes,

(Leg(d) + Lig(4)
1+v

EO Zﬁtbt ln(Ct - th—l) - ) /8 S (07 1)7 w > Oa v > Oa
t=0

where Ej is the conditional expectation operator, 3 is the discount factor and h is the degree

of (external) habit formation. The inverse Frisch labor supply elasticity is denoted by v,

while ¢ is a free parameter which allows to calibrate total labor supply in the steady state.?’

The variable b; is a inter-temporal preference shock. The household’s flow budget constraint

(in consumption units) is,

B, _ Wi(j) B T V() | 1L

— < L ) L ] R, —
Pey = Poy (Loald) + Liald)) + B 1PC,t Pey * Py * Poy’

Cy +

where B, is holdings of risk free bank deposits, ¥; is the net cash flow from household’s
portfolio of state contingent securities, 7} is lump-sum taxes, R; the (gross) nominal interest

rate paid on deposits and II; is the net profit accruing to households from ownership of

20Consumption is not indexed by (j) because the existence of state contingent securities ensures that in
equilibrium, consumption and asset holdings are the same for all households.
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all firms. Notice above, the wage rate, W, is identical across sectors due to perfect labor

mobility.

C.1.3 Household’s wage setting

Each household j € [0, 1] supplies specialized labor, L;(j), monopolistically as in Erceg, Hen-
derson, and Levin (2000). A large number of competitive “employment agencies” aggregate
this specialized labor into a homogenous labor input which is sold to intermediate goods

producers in the two sectors. Aggregation is given as,

1 L 1+/\w,t
e [/ Ly(j) ™ dj ] |
0

The desired markup of wages over the household’s marginal rate of substitution (or wage
mark-up), A, follows an exogenous stochastic process.
Profit maximization by the perfectly competitive employment agencies implies the labor
demand function,
W)y~ s

L) = () L 1)

where W;(j) is the wage received from employment agencies by the supplier of labor of type

7, while the wage paid by intermediate firms for the homogenous labor input is,
! N
Wt == / Wt (]) Aw,t dj .
0
Following Erceg et al. (2000), in each period, a fraction &, of the households cannot freely
adjust its wage but follows the indexation rule,

1—¢
i i + ac ., Lw + ac w
Wt+1(]> = Wt(]) <7Tc,t62t 1= t) (chga T—a; .

where, g,, g, denote the steady state growth rates of the z;, v, process respectively. The
21

remaining fraction of households, (1 — &,), chooses an optimal wage, W;(5)

C.1.4 Capital goods production

Physical capital production. Capital is sector-specific. Our assumption is motivated by
evidence in Ramey and Shapiro (2001) who report significant costs of reallocating capital
across sectors. Capital producers in sector x = C, I, use a fraction of investment goods from
final goods producers and undepreciated capital from capital services producers to produce
new capital goods, subject to investment adjustment costs (IAC) as proposed by Christiano

et al. (2005). Solving their optimization problem yields a standard capital accumulation

21 All households that can reoptimize will choose the same wage.
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equation,

_ _ I
Kz,t = (1 - 61)551‘/[{90,1571 + (1 - S( ! ))Ix,ta T = C, I? (2>

zt—1
where 0, denotes the sectoral depreciation rate, S (%) denotes IAC, where S(+) satisfies
the following: S(1) = S'(1) =0, S”(1) = k > 0, and £, is explained below.

Capital services producers. These agents purchase — using funds from intermediaries
— physical capital from capital producers and transform it to capital services by choosing
the utilization rate. They rent capital services—in perfectly competitive markets — to inter-
mediate goods producers earning a rental rate equal to Rift /Pc+ per unit of capital. They
sell the un-depreciated portion of capital at the end of period ¢ 4+ 1 at price (), ;+1 back
to capital producers.? The utilization rate, u,,, transforms physical capital into capital
services according to

K, = Uz,tggtkz,t—la r=C, 1,

and incurs a cost denoted by a,(u,:) per unit of capital. This function has the properties

that in the steady state u = 1, a,(1) = 0 and y, = Z%EB , denotes the cost elasticity.

In the transformation above, we allow for a capital quality shock (as in Gertler and

Karadi (2011)), ££,. Capital services producers solve,

K
R}

ac—1
) 1—

K 7 K 7 a
u$7t+1£x7t+]_Km,t - am(ux,tJrl)gx,H-lK:p,tAtJrl‘/H-l ! T = 07 I

max
Uz,t+1 | L°Ct+1

Total receipts of capital services producers in period t 4+ 1 are equal to,

B _
Rx,t+1Qx,th,t>
with

ac—1
§§t+1um,t+1 + Qw,t+15§t+1 (1 —62) — az (Ug 1) §5t+1At+IVt:1ai

Qz,t ’ (3)

where Rﬁt 41 is the real rate of return on capital. Since these agents finance their purchase

K
Rac,t+1

B Pyt
Rx,t—i—l -

of capital at the end of each period with funds from financial intermediaries (to be described

below), Rﬁt 41 1s the stochastic return earned by the latter.

C.1.5 Financial sector

Financial intermediaries use deposits from households and their own equity to finance the
acquisitions of physical capital by capital services producers. The financial sector in the

model is a special case of Gertler and Kiyotaki (2010) where banks lend in specific islands

22The price of capital, equivalent to Tobin’s marginal Q, is Q. = %, where Ay, ®, ¢, are the lagrange
multipliers on the households’ budget constraint, and capital accumulation constraint respectively.
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(sectors)—they cannot switch between them. Alternatively, we can interpret the financial
sector as a single intermediary with two branches, each specializing in providing financing
to one sector only, where the probability of lending specialization is equal across sectors and
independent across time. Due to sector specific technologies, each branch earns a sector
specific return and maximizes equity from financing the specific sector.?®> Since we follow
closely Gertler and Karadi (2011), we only briefly describe the essential mechanics. These
can be described with three key equations. The balance sheet identity, the demand for
assets that links equity with the value of assets (physical capital), and finally, the evolution
of equity.

The balance sheet (in nominal terms) of a branch that lends in sector x = C, I, is,
Q24PctSzt = Ny Poy + By,

where S, ; denotes the quantity of financial claims on capital services producers held by the
intermediary and (), denotes the price per unit of claim. The variable IV, ; denotes equity
at the end of period ¢, B, are household deposits and P is the consumption sector price
level.

Financial intermediaries are limited from infinitely borrowing household funds by a moral
hazard/costly enforcement problem, where bankers can steal funds and transfer them to
households. Intermediaries maximize expected terminal wealth, i.e. the discounted sum of
future equity. The moral hazard problem introduces an endogenous leverage constraint,
limiting the bank’s ability to acquire assets. This is formalized in the equation that deter-

mines the demand for assets,

Qx,tsac,t - Q:v,tNac,t' (4)

In the equation above, the value of assets which the intermediary can acquire depends on eq-
uity, N, , scaled by the leverage ratio, g, ;.2* With g,; > 1, the leverage constraint magnifies
changes in equity on the demand for assets. Higher demand for capital goods for example,
which raises the price of capital, increases equity (through the balance sheet identity) which
in turn brings about further changes in the demand for assets by intermediaries pushing the
price of capital further. This amplification turns out to be the key reason for the important

role of news shocks we recover from the estimated model.

23The specific segmentation adopted can be justified for example by the fact that within an intermediary
there are divisions specializing in consumer or corporate finance.

24The leverage ratio (bank’s intermediated assets to equity) is a function of the marginal gains of expanding
assets (holding equity constant), expanding equity (holding assets constant), and the gain from diverting
assets.
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Finally, the evolution of equity is described by the following law of motion for equity,

N,
Nogp1 = (08[(R 1m0r — Ri)ows + Ri o 4+ @Qu+10441)
41

where fp is the survival rate of bankers, @ denotes the fraction of assets given to new

bankers. It is useful to define the expected (nominal) excess return (or risk premium) on
assets earned by banks as
R}, =R}, . mci1— R, x=C,I (5)
The presence of the financial intermediation constraint in equation (4), implies a non-
negative excess return (equivalently wedge between the expected return on capital and the
risk free interest rate), which varies over time with intermediaries equity.
Financing capital acquisitions by capital services producers. Capital services

producers issue S, ; claims equal to units of physical capital acquired, K, ;, priced at Q.

Then, by arbitrage the following constraint holds,

Qx,tf(x,t = Qaz,tsx,ta
where the left-hand side stands for the value of physical capital acquired and the right-hand
side denotes the value of claims against this capital.?®> Using the assumptions in Gertler
and Karadi (2011) we can interpret these claims as one period state-contingent bonds which

allows interpreting the excess return defined in equation (5) as a corporate bond spread.

C.1.6 Monetary policy and market clearing

The nominal interest rate R;, set by the monetary authority follows a feedback rule,

R Ry A\NPRT /TP /1 Ye \Pavl-rr
B (Bt ()" (7] 00,60 0,000 >0
c t—

where R is the steady state (gross) nominal interest rate and (Y;/Y;_1) is the gross growth

rate in real GDP. The interest rate responds to deviations of consumption goods (gross)
inflation from its target level, and real GDP growth and is subject to a monetary policy

shock 7,p¢. GDP (in consumption units) is defined as,
P
Y, =C+ L1+ G
Pey
where G; denotes government spending (in consumption units) assumed to evolve exoge-
nously according to Gy = (1 — g%) Y;, and ¢; is a government spending shock. The sectoral

resource constraints are as follows.

Z5We assume—in line with Gertler and Karadi (2011)—there are no frictions in the process of intermedi-
ation between non-financial firms and banks.
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The resource constraint in the consumption sector is,
ac

AV o
t 1-ac c 1—a;
S ALK — AV P

Ci+ (a(uat)ﬁéftf(c,tfl + a(ul,t)fﬁf_ﬁ,tq)

Ve
The resource constraint in the investment sector its,
Iy + Ioy = VL ;" K} — ‘/tﬁFI
Hours worked are aggregated as,
Ly= L+ Lcy.
Bank equity is aggregated as,
Ny = N+ Ney.

C.1.7 Shocks and Estimation

We briefly describe the shocks in the model. The baseline model includes the following
shocks: zt,vt,/\ét,)\gt,bt,/\wt, {ﬁ,{gt,nmm,gt. They are, growth rate of TFP in the C-
sector, growth rate of TFP in the I-sector, price mark-up in the I-sector, price mark-up
in the C-sector, preference, wage mark-up, capital quality in the I-sector, capital quality
in the C-sector, monetary policy, and government spending shock, respectively. The log
deviations of each shock from its steady state are modeled as a first order autoregressive
(AR(1)) process. The only exception is the monetary policy shock, 7,,,+, where the first
order autoregressive parameter is set to zero.

For further details about the shock processes used in the Bayesian estimation, see Gortz
and Tsoukalas (2017). We refrain from a further discussion here as our work solely focusses

on the monetary policy shock.
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C.2 Parameter Estimates

We calibrate the model using the posterior mean estimates of Gortz and Tsoukalas (2017).
The only deviation in our baseline calibration is that we assume nominal wages and the
nominal price of investment goods to be flexible. We relax this assumption in a robustness
exercise in Section 3 which conforms exactly to their estimates. The calibration of the
baseline model is summarized in Table 4. This table also summarizes the calibration of
the model without financial frictions, which is also based on the estimates of Gortz and
Tsoukalas (2017). Parameter values that are common across the two models are calibrated

in their estimation procedure.

Table 4: Calibration

Description Parameter Value
Baseline No-FF

Depreciation rate in sector x = C, I Oz 0.025 0.025
Capital share in sector x = C, I Qy 0.3 0.3
Steady state inflation rate in sector C' e 0.6722 0.642
Steady state government spending to GDP ratio % 0.19 0.19
Discount factor 154 0.9974 0.9974
Inverse of the Frisch elasticity v 0.8718 0.6691
Habit persistence h 0.6275 0.6231
Steady state price mark-ups in sector x = C, AL 0.15 0.15
Investment adjustment cost K 2.2890 2.2389
Capacity utilisation (C) a” (1) 4.6983 4.4477
Capacity utilisation (I) a” (1) 4.9975 4.8295
Calvo price stickiness in sector C Epoc 0.7785 0.7842
Calvo price indexation in sector C' Lpe 0.0726 0.0690
Calvo price stickiness in sector [ §pi 0 0
Calvo price indexation in sector I Lp; 0 0
Calvo wage stickiness Ew 0 0
Calvo wage indexation L 0 0
Taylor rule inertia Pr 0.8434 0.8423
Taylor rule responsiveness to inflation P 1.5864 1.5459
Taylor rule responsiveness output gap DAy 0.6822 0.6805
Fraction of surviving bankers Oy 0.94 - ——
Steady state leverage ratios 0z 5.47 - ——
Sectoral steady state spreads RBm,— R 2/400 - — -
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