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economy. We investigate the long-term effects of monetary policy through the credit
channel. We develop a dynamic general equilibrium model with financial intermedi-
aries and endogenous innovation in which credit frictions constrain firms’ investment
and R&D expenses. Following an adverse monetary shock, the tightening of credit
conditions for the innovation sector generates sizeable long-term effects, turning the
shock into a persistent stagnation. We quantify the contribution of this transmission
channel to productivity and output hysteresis. We then characterize the monetary
policy trade-offs between short- and long-term targets, showing that the control of
inflation can entail a growth slowdown. The results are consistent with Bayesian VAR
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1 Introduction

The medium- and long-run effects of aggregate shocks have attracted growing attention
in recent decades. Recessionary shocks are increasingly found to exert a persistent im-
pact on the macroeconomy, especially when they propagate through the financial sector
and when they entail disruptions in the dynamics of productivity and knowledge capital
accumulation (e.g., R&D and innovation processes). Cerra et al. (2023) and Cerra and

Saxena (2008) study a large set of recessions and document that, ten years after the initial
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impact of the shock, the output drop still exceeded 6% on average. And Reinhart and
Rogoff (2014) find that in 23 out of 30 crises after 1990 the average length of recessions
was no lower than 5 years. In recent years, for example, the scars of the Global Financial
Crisis were visible up to the edge of the Covid-19 pandemic, with output and productivity
growth remaining below pre-crisis trends throughout the 2010s. More broadly, the persis-
tent stagnations following recessionary shocks (“L-shaped” recoveries) have led scholars
and policy makers to reconsider the traditional gap between the analysis of short-run

(business cycle) dynamics and that of long-run outcomes (trends) (Cerra et al., 2023).

Recent evidence suggests that, on the demand side, monetary policy shocks can have
long-lasting effects on the macroeconomy. Investigating 122 recessions in 23 advanced
countries, Blanchard et al. (2015), for instance, find that between 70 and 80 percent of
these recessions exhibited persistent deviations from pre-crises trends and that demand
shocks (including monetary disturbances) induced departures from pre-recession trends
(“hysteresis”) as much as other shocks. A relevant channel of transmission of monetary
policy that has been widely studied in recent decades consists of the impact of monetary
shocks on credit markets (the “credit channel of monetary policy”; Bernanke et al., 1999).
Given the perceived importance of credit and financial factors in determining the long-
run persistence of recessions, it is then natural to wonder whether monetary policy can

exert medium- and long-run effects through the credit channel.

The objective of this paper is to address this question, studying the possible long-term
aggregate consequences of the interplay between monetary policy and the credit sector.
In particular, we aim to understand the impact of monetary policy in economies with fi-
nancial (credit) frictions and endogenous growth driven by innovation. The fundamental
importance of external financing for R&D and innovation activities is widely acknowl-
eged. Figure 1 offers a glimpse of the strong link between R&D expenditures and credit
flows in the United States: the pairwise correlation between the two time series equalled
0.91 between 1995 and 2019." The figure also shows the comovement of these variables

with total factor productivity (TFP) and real GDP.?

IThe correlation between the two variables, when expressed as a fraction of the GDP, is also positive
and high, equalling almost 0.6.

2Given the non-stationary behavior of R&D and loans, we have performed a cointegration test after
investigating the integrated order of the two variables. The test, based on the two I(1) variables, suggests a
cointegration relationship between them (results available upon request), offering further evidence on the
correlation analysis.
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Figure 1: Output, TFP, R&D & Credit Flows

Data from 1995:Q1 to 2019:Q4, in log levels of: Real GDP, billions of 2012 US $; TFP levels, 1995:Q1 = 100;
Private R&D expenditure index, 2012:Q1 = 100; Commercial and industrial loans from all banks, billions
of 2012 US $. R&D and credit series are in real terms, deflated by GDP deflator.

We conduct our analysis in two steps. We first provide motivating evidence on the rele-
vance of the credit channel in shaping the aggregate transmission of monetary impulses
at different time horizons, highlighting the long-term effects associated with R&D and
innovation activities. Then, we interpret this evidence through the lens of a New Keyne-
sian DSGE model incorporating endogenous innovation, financial frictions and nominal

rigidities.

Building on Miranda-Agrippino and Ricco (2021), our motivating empirical framework
investigates the transmission of monetary shocks to macroeconomic variables in the US
economy by means of a Bayesian VAR. In particular, we examine the effects of monetary
policy shocks through variables which can affect the long-term dynamics of the economy,
including credit levels and spreads, R&D expenditures and TFP. While the role of the
tinancial accelerator in the propagation of shocks has been acknowledged since Bernanke
etal. (1996) and Bernanke et al. (1999), despite some evidence on the topic, the literature is
substantially silent about the influence of the credit channel of monetary policy through

innovation-related variables.

We then build a dynamic general equilibrium model with financial intermediation, nom-



inal rigidities, and endogenous TFP growth linking cyclical fluctuations to long-term
growth dynamics. In the model economy, besides final and intermediate goods produc-
ers, firms comprise innovators and adopters of new technologies. In particular, in line
with Anzoategui et al. (2019), innovation is modelled as a two-step process, technology
creation and technology adoption. R&D, which is conducted by innovators, drives po-
tential technology, creating “blueprints” needed for the inception of new intermediate
product varieties; adoption, in turn, converts potential technology into effective tech-
nology, expanding the number of varieties that can be produced by intermediate goods
tirms. Both the investments in physical capital and in innovation are financed by financial
intermediaries. The financial intermediation sector channels funds from households to
tirms facing a limited commitment problem which limits its credit capacity, along the
lines of Gertler and Karadi (2011). The monetary authority follows a Taylor rule that
trades off inflation gap and output gap.

We calibrate the model to the moments of an advanced economy. We then study the
dynamic properties of the model and evaluate the capability of monetary shocks to

generate persistent stagnations.’

The analysis provides support to the notion of long-
run monetary non-neutrality. The model simulations reveal that a negative monetary
policy shock can significantly raise credit spreads charged by financial intermediaries to
innovators and technology adopters, by squeezing financial intermediaries’ net worth
and, hence, their credit Capacity.4 This, in turn, shrinks credit flows to the innovation
sector, reducing the rate of adoption of new technologies. The reduced technology
adoption rate results into a slowdown in the expansion of product varieties and, hence,
in total factor productivity, determining hysteresis in output levels even in the long run.
Interestingly, this long-lasting slump induced by a contractionary monetary shock does

not appear to be associated with a sizeable reduction of inflation in the medium and long

run.

The quantitative analysis also reveals that the long-term effects of monetary shocks are

more pronounced when the innovation sector is relatively more sophisticated and prof-

3We also compare the effects of monetary policy shocks with those of financial shocks hitting the
financial intermediation sector. In addition, in further analysis presented in the appendix, we investigate
the interaction between financial shocks and monetary policy shocks, by studying to what extent a surprise
expansionary monetary shock can mitigate the effects of a negative financial shock.

4In the model there is also a contraction of credit extended to intermediate goods firms for investments
in physical capital.



itable, as captured by the factors that govern the probability of success of R&D and
adoption processes and the profitability of new intermediate product varieties (e.g., the
magnitude of markups on intermediate goods).” Intuitively, an economy with a sophis-
ticated innovation sector is particularly sensitive to possible damages to the process of
financing of innovations induced by contractionary monetary shocks. Further, from a
quantitative viewpoint, we obtain that it is especially the phase of creation of innovations

that contributes to the long-run relevance of the credit channel of monetary policy.®

In additional analysis, we also uncover a nuanced influence of the health of the financial
intermediation sector” on the credit channel of transmission of monetary policy through
innovation. In the short run, there is a stronger pass-through of a negative monetary
stance when the solidity of financial intermediaries is stronger. The resilience of a healthier
financial intermediation system instead emerges in the long run, enabling a faster credit
recovery and helping to mitigate the long-term slump. Altogether, the analysis thus
uncovers new, potentially relevant challenges for the conduct of monetary policy: in
addition to the well-studied trade-off between inflation containment and short-run output
stimulation, monetary authorities can also face trade-offs between inflation containment
and long-run factor productivity growth, with the intensity of these trade-offs depending
on the characteristics and sophistication of the innovation sector and of the financial

intermediation sector.?

The paper unfolds as follows. Section 2 relates the analysis to prior literature. Section 3
provides motivating evidence on the transmission of monetary shocks. Section 4 presents
the theoretical model, while section 5 simulates the effects of shocks. Section 6 further
dissects the channels of monetary transmission. Section 7 highlights the role of creation
and adoption of new technologies. Section 8 concludes. More details on the data and
additional theoretical and empirical results are in appendix A, while we relegate details

on the model derivations to the online technical appendix B.

>The difference in the response of inflation is negligible, on the other hand, suggesting that the innova-
tion channel exerts a smaller influence in this dimension.

60n the other hand, the behavior of inflation is quite insensitive to different levels of innovation
intensity.

7We capture this through the value of the survival rate of banks.

8In further analysis presented in the appendix, we obtain preliminary results that these challenges
cannot be merely addressed by incorporating a long-run growth indicator (the economy’s growth gap) into
traditional Taylor rules.



2 Related Literature

The main contribution of this paper is investigating the widely studied credit channel of
monetary policy in a long-run perspective and uncovering the resulting policy trade-offs.
Previous literature has highlighted the far-reaching consequences of the credit channel
of transmission of monetary policy, however focusing on its short-term implications for
firms” physical investment and labor hiring decisions. By contrast, the literature has
largely overlooked the possible impact of this transmission channel on firms” long-run
productivity. In our analysis, we examine this influence by highlighting a primary driver
of productivity dynamics, firms’ innovation decisions. The analysis also reveals that key
structural features of the economy, such as the profitability of the innovation sector and
the relative importance of the R&D stage of innovation relative to the adoption stage,

matter for the relevance of this long-run dimension of the credit channel.

Our analysis of the long-term effects of monetary policy through the credit channel re-
lates to various strands of literature. First, it speaks to the literature that investigates the
persistent effects of recessions. A class of recent medium-scale DSGE models incorporate
growth to analyze the factors that lie behind the productivity drop observed follow-
ing financial crises (Anzoategui et al., 2019; Bianchi et al., 2019; Ikeda and Kurozumi,
2019; Moran and Queralto, 2018; Queralto, 2020; Elfsbacka Schmoller and Spitzer, 2021;
Schmitz, 2021). Studies based on the Schumpeterian innovation framework consider, for
example, the role of expectation formation in trapping economies in regimes of persis-
tent stagnation through contractions in R&D expenditures (Benigno and Fornaro, 2018)
or the consequences of shocks to fundamentals (Garga and Singh, 2021; Fornaro and
Wolf, 2023). Demand-driven output hysteresis due to slowdowns in capital investment
is instead modelled in Cerra et al. (2021) and Vinci and Licandro (2021). A growing
literature also highlights mechanisms of hysteresis in the labor market: short-run swings
in unemployment can cause the natural unemployment rate to change by having scarring
effects on unemployed workers. Recessions may discourage workers, pushing them out
of the labor market, alter the number of insiders in the wage contracting process, deter
efficiency-enhancing job switches, and shrink investment in training (Blanchard, 2018;

Yellen, 2016).” Several empirical studies since the global financial crisis find evidence of

9 According to Okun (1973) a long-term benefit of a “high-pressure economy” with a tighter labor
market is the greater investment in human capital (through on-the-job training and experience).
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unemployment hysteresis after recessionary shocks, with possibly differential effects for
different demographic groups (Ball, 2014; Erceg and Levin, 2014; Blanchard et al., 2015;
Martin et al., 2015). Bluedorn and Leigh (2019) confirm these findings using data for IMF
forecasts to identify forecasters’ perceptions of the persistence of fluctuations in the labor
market. Unemployment hysteresis can have relevant implications for monetary policy.
Gali (2022), for example, shows that in the presence of unemployment hysteresis, it can

be optimal for a central bank to target employment rather than inflation.

The analysis also relates to the literature that studies the transmission channels of mon-
etary policy. The works of Aikman et al. (2022), Furlanetto et al. (2023) and Jorda et al.
(2023) offer proof of the long-run non-neutrality of monetary actions. Moran and Queralto
(2018) document the persistent aggregate effects of expansionary monetary shocks. In
this paper, we focus on how these effects of monetary policy unfold through the interplay
between financial frictions and R&D (a long-run credit channel of monetary policy). The
estimates in De Ridder (2019), Duval et al. (2020) and Huber (2018) provide broad support
for this interplay, identifying credit frictions and weak aggregate demand as complemen-
tary causes of the reduction in investments and the persistent fall of TFP and output after
crises.'? And the impact of credit constraints on innovation is also documented in Aghion

et al. (2008), Aghion et al. (2010) and Ma and Zimmermann (2023).

From a methodological point of view, on the empirical front the analysis especially
relates to Miranda-Agrippino and Ricco (2021) who develop the methodology we apply
in this paper to study the aggregate effects of shocks in a large BVAR. On the theoretical
side, our model builds on the credit sector framework pioneered by Gertler and Karadi
(2011). In particular, we embed a rich endogenous innovation and growth engine in a
dynamic general equilibrium framework with financial intermediaries. Bonciani et al.
(2023) perform macroprudential policy analyses in a framework with intangible capital
and vertical innovation. Cloyne et al. (2022) and Elfsbacka Schmoller (2022), in turn,
study the long-term effects of fiscal policy in a model a la Anzoategui et al. (2019), while

abstracting from the financing of technological improvements.

9The authors provide evidence of an increasing tendency to finance innovative investments through
the banking sector.



3 Empirical Evidence

To motivate our analysis, we begin by providing an empirical assessment of the transmis-
sion of monetary shocks to macroeconomic aggregates. In particular, we are interested
in investigating: i) the impact of monetary shocks on innovation and growth, ii) the
relevance of credit frictions in the transmission of monetary shocks, i.e. disentangling a

credit channel of monetary policy.

To dissect the transmission of monetary policy shocks to the credit and innovation sectors
of the economy, we estimate a Bayesian Proxy SVAR using quarterly data for the United
States. As noted by Gertler and Karadi (2015) and Miranda-Agrippino and Ricco (2021),
there is widespread evidence of a financial accelerator mechanism which can amplify
downturns through the response of credit markets. We depart from previous analyses on
the financial accelerator and, besides financial variables (credit flows and spreads), we
introduce innovation-related variables (R&D expenditures, patents, and TFP) in order to

examine the transmission of a monetary shock through these growth-driving factors.

Model Specification The vector of endogenous variables of our Bayesian Proxy SVAR
comprises: the real GDP; the real private expenditure in R&D; an index for total factor
productivity, as in Fernald (2014); the number of granted patents; the Consumer Price
Index; a measure of commercial and industrial loans extended by the banking sector; the
policy rate, represented by the 1-year Treasury rate; the credit spread, as proposed by
Gilchrist and Zakrajsek (2012).!! We estimate our empirical model over the span 1979:Q1 -
2015:Q4. Information on the variables used in the analysis is drawn from various sources.
The data for real GDP, consumer price index (all items), business loans, the 1-Year treasury
bond rate, and the gross private expenditure in Research and Development are obtained
from the Federal Reserve Bank of St. Louis FRED database. TFP levels are retrieved from
the TFP growth rates provided by the Federal Reserve Bank of San Francisco (Fernald,
2014), normalized around 2012:Q1 = 100. The credit spread is the quarterly aggregation
of monthly series provided by Favara et al. (2016). The number of granted patents is
obtained from the United States Patent and Trademark Office (USPTO), Historical Patent

1 All variables are included in log-levels, except for the interest rate and the credit spread. We rely on
the 1-year rate in order to perform our estimation beyond 2007, after which the Federal Funds Rate (FFR)
was tied at the ZLB. In the appendix, as a robustness check, we alternatively estimate the empirical model
by replacing the 1-Year Treasury Rate with the Shadow Rate computed in Wu and Xia (2016).
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Data Files. Nominal variables are transformed into real variables through the GDP

deflator.

The identification strategy consists of the use of an external instrument to evaluate struc-
tural policy innovations, as proposed by Caldara and Herbst (2019) and Gertler and
Karadi (2015). Here, in particular, we follow the approach put forward by Miranda-
Agrippino and Ricco (2021) and use their “Monetary Policy Instrument” (MPI) as our
proxy variable. This instrument integrates high-frequency identification techniques and
a narrative approach to better capture monetary policy shocks, accounting for informa-
tional rigidities. Specifically, the MPIisolates the part of market surprises following policy
announcements that are orthogonal to central bank forecasts and past surprises, thereby
providing a precise measure of the immediate impact of monetary policy decisions. This
instrument is robust to the presence of information frictions, allowing to distinguish a
proper monetary policy shock, i.e. an unforecastable and non-systematic exogenous shift
of the policy instrument which impacts agents, from the “information channel” of mone-
tary policy actions, as driven by information asymmetries between the central bank and

market actors.

We estimate the following Bayesian Proxy SVAR model and compute its impulse response
functions over a 40-quarter horizon to analyze the effects of monetary shocks beyond the
business cycle frequency:
4
Yi=) BYij+u, (1)
j=1

where Y} is the vector of endogenous variables, Y;_; includes the lagged variables and B;
stores the estimated VAR coefficients, ¥V lag j. Based on the outcome of AIC, SBC and HQ
information criteria, we estimate the empirical model over p = 2 lags. Prior coefficients
are set according to Giannone et al. (2015). As noted, due to data availability, the data
used for the estimation of the model in (1) are at the quarterly frequency (see appendix A

for all technical information and data description).

Results Figure 2 reports the impulse responses to our identified monetary shock obtained
from the BVAR. The increase in the policy rate, the 1-year Treasury rate, amounts to 1% by
construction. Light shaded areas represent 68% confidence bands. The responses reveal

a clear recessionary effect of the shock with a significant aftermath lasting up to 10 years
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Figure 2: BVAR Impulse Responses

BVAR(2) impulse responses (blue, solid). Estimation sample from 1979:Q1 to 2015:Q4. Shock normalized
to obtain a 100 basis points increase of policy rate. Shaded areas are 68% posterior coverage bands.

after the impact.

Regarding the transmission channel, the monetary shock appears to transmit to the
financial side of the economy through an immediate spike in the credit spread. Credit
flows are unaffected on impact but exhibit a declining pattern thereafter, with a slow but
persistent downward adjus’cment.12 Prices drop and exhibit the same dynamics as output,
confirming that the identified shock is a purely demand one. In particular, their responses
show a gradual decline in the first quarters after the shock, followed by a slow recovery.
This behavior is consistent with real and nominal rigidities that delay the adjustment of

prices.

We now turn to our focal point. Private R&D expenditures, total factor productivity and
real GDP are immediately, negatively affected by the contractionary monetary shock and
exhibit common dynamics. A weak rebound occurs after a few quarters, despite the levels

still remaining in the negative region. While exhibiting an ambiguous response on impact,

2The presence of rigidities in the commercial credit market, such as legal constraints or a low demand
elasticity to price, may explain the sluggish initial correction.
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the number of granted patents declines after a few quarters.”® Therefore, the variables
display a clear hysteretic pattern. We interpret this persistent slump as supportive of the
argument of the non-neutrality of monetary policy for growth, a channel alternative to
those traditionally investigated. This complements the evidence on the long-run effects
of monetary policy provided by Jorda et al. (2023) and Furlanetto et al. (2023). In addition,
our findings highlight an amplification effect on real activity due to a financial accelerator

mechanism.

In conclusion, the evidence points to the negative consequences of an adverse monetary
policy shock through the credit channel: an increase in the credit spread leads to a
tightening in credit volumes. As long as R&D investments are externally financed,
worsening credit conditions impact the innovation potential, possibly determining a

deterioration of productivity and a long-lasting output decline.

Discussion The critical and persistent impact of R&D and innovation on firms” produc-
tivity is well documented in the literature (see, e.g., Syverson, 2011; Abraham and White,
2006; Foster et al., 2008, and references therein). Doraszelski and Jaumandreu (2013)
model firm productivity growth as an outcome of R&D investments and, estimating the
model with firm-level data from Spain, find that R&D explains a substantial amount of
productivity growth. Griffith et al. (2006) find that UK firms with a greater R&D presence
in the United States have faster productivity growth.

The literature also documents empirically that if, access to credit for financing innovative
activities becomes difficult during a recession, R&D investment becomes procyclical
(Aghion et al., 2012). Using US data on high-technology firms, Kabukcuoglu (2019)
finds that R&D investment is procyclical due to binding financial constraints (see also
Burger et al., 2017). And using data from Latin America, Paunov (2012) obtains that

investments in innovation are procyclical and that on average one in four firms engaged

13The IRFs suggest that the response of patents reaches its trough after 5 quarters, which is consistent
with the time needed for the approval of patent applications. According to the United States Patent
and Trademark Office (USPTO), patents take about 22-24 months to be approved. However, this may be
expedited if the patent application is made “special” and is eligible for a prioritized or an accelerated review.
These patent review processes take about six to 12 months. Patent applications that are granted “special”
status are advanced out of turn for examination, through accelerated examination. A request for prioritized
examination can also be made to shorten the examination process. Prioritized examination allows for more
claims, more flexibility in extensions of time for responses, and fewer required submissions with the
application. On the other hand, prioritized examination costs more than accelerated examination. Some
types of patent applications are limited to one express application option. For example, plant applications
only have prioritized application available while design applications can only use accelerated examination.
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less in such investments during the Great Financial Crisis. Surveying chief financial
officers in 39 countries in North America, Europe, and Asia, Campello et al. (2010)
show that a survey-based measure of financial constraints affected companies” decisions
(including technology spending) during the financial crisis. Lépez-Garcia et al. (2013) and
Schmitz (2021) find an analogous impact of credit constraints on the R&D and innovation
investments of Spanish and German firms, respectively, during the financial crisis. Using
UK survey data, Roper and Turner (2020) document that the share of innovative firms
tell sharply during the Great Recession period and that in 2014-2016 innovation activity
had not returned to its pre-recession level. Further, using French firm-level data over the
period 1993-2004, Aghion et al. (2012) find that the share of R&D investment over total
investment is countercyclical without credit constraints, but it becomes more procyclical

when firms face credit constraints.

4 The Model

The model economy comprises four sectors: households, firms, financial intermediaries,
and a monetary authority. The firm sector includes producers of capital, final goods
and intermediate goods. In addition, technology producers (innovators and adopters)
perform the development of new technologies. Financial intermediaries finance firms’
purchases of capital and intangible inputs. The central bank sets the risk-free interest

rate.

4.1 Households

Following Gertler and Karadi (2011), households are split into f “bankers”, who manage
financial intermediaries, and 1-f workers, who supply labor services to firms. Each period,
there is turnover between the two groups: bankers keep their role with probability oy, thus
remaining in charge of the financial intermediation activity for an average span of 1/(1 —
ot), while with probability 1 — o; they switch business and become workers. The funds of
exiting bankers are rebated to households (the owners of financial intermediaries). New

bankers, in turn, receive a start-up transfer from households.

Households solve the following optimization problem

12
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subject to the budget constraint
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where C; is consumption, D; denotes real deposits in financial intermediaries, R; is the
real gross interest rate, L; denotes labour, W; is the real wage, ¢ is a parameter governing
the disutility of labour, & captures habit formation in consumption and I1; = Zi:{ £} di

represents real dividends received from firms and financial intermediaries.

Households’ optimizing conditions for labor supply and deposits are

uWy = QLTI 4)
EtﬁAt,t+1Rt+1 =1, (5)

where u,; = {(Ct - th_l)_1 — Bh(Cizq — th)_l} and Attir = Ucre/Uq, is the stochastic

discount factor.

4.2 Financial Intermediaries

Two types of financial intermediaries channel funds from households to firms.'* For sim-
plicity, we assume that each type of financial intermediary specializes in either financing
intermediate good producers or financing innovation activities. Following Gertler and
Karadi (2011), we assume no financial frictions between financial intermediaries and
tirms, and that firms can borrow from financial intermediaries by issuing securities (i.e.,
claims on their future profits). Table 1 displays the balance sheet of a representative finan-
cial intermediary j of type i, where i = {k, z} indexes the intermediaries financing tangible
capital investments of intermediate goods producers and intangible capital investments

of the innovation sector, respectively. The amount of loans (securities) is denoted by S]?t,
Q/ is the price of type-i loans and D;t .1 is the quantity of deposits backing the assets of

intermediary j of type i.

14Similar to Gertler and Karadi (2011), the financial intermediation sector can be thought as comprising
both banks and other categories of financial institutions.
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Table 1: Balance sheet of financial intermediary j of type i

From the financial intermediary j’s balance sheet, net worth is given by:

Njit :QgS;t_D;’Hl' (6)
After iterating forward and with the help of some algebra, we can re-express future wealth
as

N;'t+1 = (Ri+1 - Rt+1) Qi% + Rt+1N§-t, 7)

where R/ is the rate of return on i-type loans. The objective of the representative financial
intermediary j is to maximize

+ Utvi

Vi = max B [(1 - 00N} + oV,

jt+1
jt+1

= max EifArrr1 {(1 — 0t) [(Riﬂ - Rt+l) Qi5§t + Rt+1N§-t] + UtV;-tH} .

(8)

jt+1

1 — 0; is the probability that a banker alive in t exits in period t + 1 and the banker turns
into a worker. Similar to Coenen et al. (2018), the banker’s survival rate o; is subject to
a disturbance such that o; = o¢{. The term €] can be thought as a financial shock and

allows to introduce the trigger for a financial crisis in the model.

We introduce a moral hazard problem of financial intermediaries as in Gertler and Karadi
(2011). At the beginning of a period, a banker that operates a type-i intermediary can
choose to divert a fraction 0’ of assets and transfer them back to the household of which he
or she is a member. The cost of doing so is that the depositors can force the intermediary

into bankruptcy and recover the remaining fraction of assets. Consequently, the banker
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faces the following incentive compatibility constraint

Vi 2 0'QiS),. )
The left side of equation (9) is what the banker would lose by diverting a fraction of
assets. The right side is the gain from doing so. Guessing that the value function is linear

in assets and net worth, this can be written as
V}t = v;Q;S;t + r]t’N]?t. (10)
with first order conditions expressed recursively as, Vi = {k, z},

Uti = EBAt i1 {(1 —01) (Riﬂﬂ - Rt+1+1) + Gtxi,tﬂvtiﬂ} ’ (11)
Thi = (1 =01 + 0EifAr i1 {Zi,t+177§+1}‘ (12)

v! is the expected discounted marginal value of an additional unit of i-type assets holding
net worth constant, 7! is the expected discounted marginal value of one additional unit
of net worth holding assets constant, xti,t = Qti +15;t o/ Q:S]?t is the gross growth rate of
assets, and z;, = N]?t o /N]?t is the gross growth rate of net worth.!”> Combining (9) with

(10), we obtain

v/Q{S; +n{Nj, = 6'Q/S . (13)
When this condition is binding, the leverage of a type-i intermediary ¢! = I\t]i L is equal to
jt
i
=—, 14
W= (14

which is the same for any intermediary j of type i. Moreover, considering that both
wealth and the marginal value of assets are positive (N;.t >0, Ui > (), the constraint in (13)
is binding whenever 0 < v} < 6. The net worth dynamics of the financial intermediary

can then be written as

N;'t+1 = {(Ri+1 - Rt+1) (P; + Rt+1} N;'t‘ (15)

157t can be later verified that the growth rates of assets and net worth are the same for any intermediary
j within the same type i.
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Aggregation of financial intermediaries Denote the aggregate net worth of type-i inter-

mediaries as N! and the leverage of the entire financial intermediary sector as ¢; = QN‘—f‘
Given the balance sheet identity, the leverage can be written as
N,
— it
o= di (16)
i={k,z}
The aggregate net worth of intermediaries is
k
N; = NF+ N? = Z N, + Z N, (17)

y={O,N} y={O,N}

where the terms in O, N, respectively represent the wealth accumulated by existing (old)
bankers and the start up transfer from households to new bankers. Finally, the net worth

of old and new bankers are

N =00 Y [(Ri-R) i, + RN, (18)
i={k,z}
NN = Z €Qisi .. (19)
i={k,z}

4.3 Firms
4.3.1 Capital Producers

Perfectly competitive capital producers create new capital and refurbish depreciated
capital. We normalize the cost of the latter activity to unity. Recalling that QF is the
market value of a new unit of capital, capital producers choose gross physical investment

I¥ solving the following problem:
maxEr Y B Asse {Qhyelfie = [1+ WO, (20)
t+T =0

with W(-) representing the flow of investment adjustment costs. We posit the functional

form

Ik
‘I’(-):\y[ p ) 1)

k
It—1+'[gy

where W (-) is increasing and concave, with W(1) = W’(1) = 0,W”(1) > 0, and g, is the
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investment growth rate along the balanced growth path. The law of motion of capital

reads

If = Kia = (1- &) K, (22)

where 6’; is the depreciation rate of capital, determined as a function of its utilization rate,

&F = 6(Uy). From the solution, we derive the capital supply condition:

I I I r oV (F
Q’;:1+\y( — )+ — \y( — )—EtﬁAml[ ;*1) \1/’[ ,f”]. (23)
I 18y L 18y I 18y L;gy L;gy

4.3.2 Final good production

Monopolistically competitive firms (retailers) use intermediate goods X; to manufacture

differentiated retail final goods Yy;. Aggregate final output is a CES aggregator of the

1 ¢
Ytz(fo Yj;tdf), (24)

where Y, is the final good of retailer f and ¢ denotes the markup. The input-output ratio

retail final goods

is 1:1, based on the following linear technology
th = Xft (25)

The demand schedule stems from a standard cost-minimization problem of final good
consumers, who choose the optimal composition of consumption among the retail final

good varieties

vy, (26)

It is associated with the following definition of the price index

1 1-¢
Pt:(fo Pﬁdf) . (27)

As intermediate inputs are the only factor of production for retailers, their marginal costs

depend upon the aggregate of the relative intermediate good prices

Pmt
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where, as discussed below, A; denotes the measure of intermediate good varieties.

Price setting is subject to a Calvo nominal rigidity: only a fraction (1 — w) of retail firms
can freely reset their price to the optimal current level, while the remaining index their
price to the lagged inflation rate. Denoting with 7t; the current inflation rate, a retail firm’s

pricing problem reads

t
TPT
mc x E; Z w ﬁ At ir P—rt,t+7 — MCtyr th+r/ (29)
Pfr =0 ft+’l'
—1-w" . . .
where Ty = 1,4 Tc?jfl_ln “" represents the indexation rule and w™ is a parameter

measuring the degree of price indexation. Retail firms unable to reset optimally adjust

prices as
Py = Pygm @ (30)
with @ denoting the steady state inflation rate. The first order condition for P}t reads
(o) P* 1%’5 Px-
t t
E; ; W B A pie [ﬁjﬂrntﬂ) [?{_ﬁrt,t#( -G mct+1) th+'[ =0. (31)
The adjustment dynamics of the aggregate price is then
1 1 1 y1-=¢
* \1-c o™ =1-w™ T—
P; = {(1 — @) (Py)™ + (T Pp) } . (32)

4.3.3 Intermediate good producers

A continuum A; of monopolistically competitive intermediate good producers employ
labour and capital to produce intermediate inputs. A; stands for the stock of available
technologies, capturing the range of intermediate inputs. Intermediate good producers
need external financing from financial intermediaries in order to fund their purchases of
capital.'® After production has taken place, they sell undepreciated capital back to capital

producers.

16Refinancing is a significant factor in periods of interest rate cuts, such as at the onset of the coronavirus
pandemic. Refinancing can shorten the duration of debt and lead to asymmetric effects of monetary
policy. In this paper, we simplify the model by assuming away financial frictions between financial
intermediaries and firms, as in Gertler and Karadi (2011) This approach allows firms to borrow from
financial intermediaries by issuing securities (claims on future profits). Therefore, we do not directly
address the issue of debt refinancing. Incorporating long-maturity debt contracts and the option to refinance
could enrich the analysis and will consider it in future research. Additionally, since our primary focus in
this paper is on monetary tightening, the implications of refinancing are less central to our analysis.
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The Cobb-Douglas production function is

Xt = 5{1 (uthmt)a Ll_a (33)

mt 7/

where X, is the amount of intermediate good produced by intermediate firmm, 0 < @ < 1
represents the capital input share in the economy and ¢/ is the exogenous TFP component.

In aggregate
b

A
Xf:( f Xnitdm) : (34)
0

Intermediate good producers choose the amount of labour, capital and the utilization rate
of capital to maximize end-of-period profits, given their production function and the law

of motion of capital. Their optimizing conditions are'”

Xon
(1 - a) Py =" = MW,, (35)
Lmt
th k<r
apmt_ = MQt(S (umt) Kmt/ (36)
umt
th+1 _ kpk k
APzt = M{QIRY, = Qhy 11 =0 (U], (37)
mt+

where the last condition pins down the realized return on capital R¥ , to financial inter-

mediaries. Finally, prices are perfectly flexible in the intermediate sector.

Taking a first order approximation of (33) and (34) at the symmetric equilibrium for

intermediate goods, we can express the production function for aggregate final output

aslS

Y = {A] et (UK L (38)

Terms within the first brackets capture total factor productivity, which can be decomposed

A

t) and an endogenous (Af‘l) component. Innovation activities

into an exogenous (e
determine productivity through the variety A; of available intermediate goods. This

endogenous TFP mechanism is the driver of long-run growth in our economy."

7Each FOC of an intermediate producer includes the adjustment for a markup term M due to the
monopolistic competition regime. This is smaller than the desired unconstrained markup § to avoid the
threat of entry from imitators (see Aghion and Howitt, 1997).

8This follows Anzoategui et al. (2019). Details are provided in the online technical appendix.

1t follows from the AR(1) definition of exogenous TFP ¢/, which implies its stationarity.
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4.3.4 Innovation Activities

In our setting, endogenous growth stems from the creation and adoption of new tech-
nologies. Innovators exert R&D effort for the creation of new potential intermediate good
varieties, enhancing the potential level of technology. Adopters, in turn, perform the

conversion of potential into effective technical instruments.

We posit that adopters do not have enough internal resources to carry out their activity, but
require external financing. Each adopter issues S, securities against its future profits to
financial intermediaries at the price Q7. Then, he devotes external funding to acquiring the
stock of potential technology, which is subsequently converted into effective technology.
Thus, the individual borrowing position of an adopter is given by Q7Z;,1 = QS ,, where

Z:41 denotes the stock of potential technology.

Innovators Consider first innovators” decision problem. Innovators create new potential
technology through investment in R&D. In the spirit of Aghion and Howitt (1997), they
decide the R&D investment I/, which affects the probability y; of success of the R&D
process.”’ After R&D is performed, innovators sell potential technology Z:,1 to adopters
and purchase back the non-obsolete technology from them, where the existing technology
stock depreciates at the rate 4. Thus, innovators determine the supply of technology.

Their problem boils down to

max EifAsran [Q’me ~- (1 - 5A) Z; — 1;‘1] (39)

t

s.t.
Ziy1 = Wy + (1 - 5A) Z4, (40)

where the law of motion of potential technology defines its dynamics. Here, u;Z; rep-
resents the “net” investment in R&D. The probability of success y; is a function of the

R&D expenditure I'¥ and its productivity x, scaled by the maximum attainable level of

Ird Y
ut=[ i ] . (41)

technology Z"™ 2!

Q7

2This specification is in contrast to the accumulation process of physical capital, whose investment is
successful with probability one.

ZPFollowing Aghion and Howitt (1997), y represents the step size of newly introduced varieties. Z"*
captures the highest attainable technological level, where the distance to the frontier of the current level
amounts to a factor o, such that Z"™* = Z; 1+ 0y).
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From the problem above, we obtain the dynamics of R&D investment I;{d:

| QLorx - Qm( )wa( a QZZT”‘”‘
t = szmax X

(42)

Adopters We next turn to adopters’ decision problem. Adopters convert potential
technology into intermediate good varieties of usable form. Letting the price of an

adopted technology be Q4, we have

Q' =Tl + BAssa (1-6%) Q. (43)

where I1,,; are the profits that intermediate-good firms realize from production and the
price of an adopted intermediate good variety is the present discounted value of its

profits.

An adopter maximizes the expected return from the technology adoption process, subject

to the adoption technology. The maximization problem reads
max (Qi(1-6")Zi - RQZ\Zi + A (1= M) [MQA + A= AD Q5 ]) (@)

s.t.
At = A (Ze)° (AP (45)

Consider the objective function in (44). If the adoption process is successful (which hap-
pens with probability A;), the adopter sells newly generated intermediate good varieties
(as rights to the use) to the monopolistically competitive intermediate-good producers
at the price Q. If instead the adoption process is unsuccessful (which happens with
probability 1-A;), the adopter retains the (non-converted) potential technology. However,
adopters need to borrow from financial intermediaries to make their purchases of poten-
tial technology, paying the interest rate R} on the loans they receive. Finally, adopters sell
back non-obsolete potential technology to innovators.

Looking at the adoption technology in (45), the probability A; of adopting a new tech-
nology (i.e., generating a new intermediate variety) depends positively on the potential

technology Z; and on the availability of non-rival effective output A;, where A; = A/¢!
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(with A denoting the steady-state level of adoption).?? This specification implies that the
adoption probability is increasing with respect to potential technology, however allow-
ing for diminishing returns to scale (governed by the parameter p) due to a congestion
externality effect. Overall, adopters’ decision problem in (44)-(45) yields a demand for
potential technology Z;.

Effective technology is driven by adoption decisions and evolves according to the follow-

ing law of motion

A1 = Ay (1 - 6A) (Zi — Ap) + (1 - 6A)At. (46)

The (gross) growth rate of effective technology is then given by

g;“:‘%:At(l—(sA)(z—1)+(1—5A). 47)
t t

Because of the non-linear relation between output and technology, output growth satis-

fies:?
S_

gy =(s)"™" (48)

—

4.4 Monetary Authority

The central bank sets the risk-free interest rate 7; according to the following Taylor rule

with smoothing:

r = grw (r_1)P [? ( @ )% (@ )%ll—pR | )

Tt mc
The weights ¢ and ¢, govern the response of the monetary authority to the gap between
inflation and its target value 7@ and to the output gap, respectively. We follow Anzoategui
et al. (2019) and proxy the output gap with marginal costs relative to the flexible price
level mc. r captures the steady-state nominal interest rate, pr denotes the degree of
intertemporal smoothing and ¢, represents a monetary policy shock. Assuming that

households hold a nominal government bond of zero supply, the following Euler equation

holds

-1 (50)

22 According to Romer (1990), the influence of A; reflects public learning-by-doing effects in adopting.
ZWe assume that potential and effective technology grow at a common rate, such that under our
calibration equation (47) represents the growth rate of A and Z.
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4.5 Aggregation and Market Clearing

Market clearing implies that the value of the physical capital stock equals the amount
of financing extended to intermediate producers. Similarly, the value of the potential
technology stock matches the amount of external financing to adopters. This implies the

following relations

QFSk = QFKyy, (51)
QFS? = QP71 (52)

The total financing extended by financial intermediaries is then given by

QSi= ) QiS} = QfKiar + QiZesa. (53)

i={k,z)

The aggregate resource constraint states that output is used for consumption, investment

and adjustment costs:

Ik
Yt:Ct+If[1+\I/(kt Hugd. (54)
I 18y

Exogenous shocks introduced in the previous sections (bankers’ survival rate ¢, mone-

tary policy ETP , and TFP ef ) follow AR(1) processes as follows:
log(e}) = pilog(e; ) +0i &}, (55)

where p; denotes persistence and o; is the standard deviation of shock i, with &hiid.

~ N(0, 1).

4.6 Model Solution, Calibration, and Estimation

Model Solution To obtain a stationary version of the model, all quantities are detrended
with respect to the deterministic balanced growth: each real variable is divided by g,
except for technology, Z;, A;, which grow at their own rate ¢’. We then solve the model
by a first-order perturbation performed around the non-stochastic balanced growth path,

i.e. the equilibrium where no shock hits the economy.24

2We refer to Bonciani et al. (2023) for a discussion of advantages and alternatives of assuming different
BGP specifications. The full stationary model is presented in the online technical appendix B.
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Parameter Definition Value Source / Target *

Households

B Discount Factor 0.995 Literature

0 Labour Disutility 2.674 ¥ Lygy = 0.33

h Habit Formation 0.815 Gertler and Karadi (2011)
Inverse of Frisch Elasticity 0.276  Gertler and Karadi (2011)

Financial Intermediaries

o Survival Rate 0.962  Gertler and Karadi (2011)

o~ Diversion Rate on K projects 0.282  *Leverage Ratio of 5

67 Diversion Rate on Z projects 0.597 *Leverage Ratio of 3

ek Startup Transfer 0.004 Gertler and Karadi (2011)

€* Startup Transfer 0.005 Gertler and Karadi (2011)

Firms

a Capital Share 0.330 Literature

c Markup on Final Good Y 1.100 Anzoategui et al. (2019)

3 Desired Markup on Intermediate Good X 1.350 Anzoategui et al. (2019)

M Effective Markup on Intermediate Good X 1.180 Anzoategui et al. (2019)

3] Calvo Price Adjustment 0.800  Anzoategui et al. (2019)

[ Price Indexation 0.250  Anzoategui et al. (2019)

0 Capital Depreciation 0.020 Anzoategui et al. (2019)

v Elasticity of Adjustment Costs on K Investments 1.728  Gertler and Karadi (2011)

z Elasticity of Marginal Depreciation w.r.t. Utilization 7.200 Gertler and Karadi (2011)

Innovation Sectors

o Technological Depreciation 0.025 Anzoategui et al. (2019)

X R&D Productivity 0.030 * Innovation Prob., u ~ 3%

p Technology Spillover 0.950 Anzoategui et al. (2019)

Monetary Policy and Other Variables

I Inflation Target 1.000 Bonciani et al. (2023)

o Inflation Reaction Coefficient 1.500 Gertler and Karadi (2011)

o4 Output Reaction Coefficient 0.385 Anzoategui et al. (2019)

r Nominal Interest Rate (SS level) 1.010 Derived from g,/

mc Marginal Costs (SS level) 0.910 Inverse of SS Markup

8y Gross Output Growth Rate 1.004 *NetY Annual Rate = 1.8%

Sa Endogenous Technology Growth Rate 1.008 *NetY Annual Rate = 1.8%

Shock Processes

Pmp Monetary Policy Shock Persistence 0.000 Gertler and Karadi (2011)

Po Survival Rate Shock Persistence 0.000 Coenen et al. (2018)

0o Survival Rate Shock SD 0.060 Similar to Coenen et al. (2018)

Table 2: Calibrated Parameters

Calibration and Estimation Table 2 presents the values of the calibrated parameters.

We choose values common in the literature for standard parameters, namely the capital

share a, the discount factor 8, the habit in consumption #, the labour elasticity ¢, and the

physical capital depreciation rate 6. We choose the labour disutility ¢ so as to match a

steady state labour supply of 1/3. An annual net output growth rate of 1.8%, equal to the

value estimated in Anzoategui et al. (2019), is converted into the gross quarterly value

for gy.

As for firms’ block, the degree of nominal rigidity of prices is calibrated with fairly

standard values for w and w™. We set effective and desired mark up values, M, ¢, 9,

according to Anzoategui et al. (2019). Gertler and Karadi (2011) provide the variable

utilization capacity parameters (W, z). For the financial intermediation sector, for each

type of financial intermediary we fix the transfer to entering bankers (e, €*) and the capital

diversion rates (0, 6%) by matching the following targets: the credit spread on physical
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Parameter Definition Value

0, Distance to the Frontier 0.270
y Step Size of New Varieties 0.284
A Adoption Probability 0.250
PR Interest Rate Smoothing 0.500
Tmp Monetary Policy Shock SD 0.015

Table 3: Estimated Parameters

capital, i.e., the difference between the “BofA AAA US Corporate Index Effective Yield”
and the Federal Funds Rate; the spread on intangible capital, defined as the difference
between the “BofA BB US High Yield Index Effective Yield” and the Federal Funds Rate;
and the leverage ratios of each sector (reflecting the fact that R&D firms deal with more
severe credit rationing due to the nature of their collateral, their uncertain output as
well as adverse selection problems; Stiglitz and Weiss, 1981; Hall, 2002). The leverage
ratios of the two types of financial intermediaries imply an aggregate leverage ratio of
the financial intermediation sector of 4. The bank survival probability o is calibrated
according to Gertler and Karadi (2011). For the innovation activities, in order to fix a
value for the productivity of R&D (), we target the probability that an innovation occurs
as in Benigno and Fornaro (2018). We instead rely on Anzoategui et al. (2019) to set the
depreciation of the technology stock 6* and the parameter p driving spillover effects in

the adoption process.

Regarding the monetary conduct, we set the Taylor rule reaction coefficients on output
and inflation (qby, gi)”) to standard values. Following Bonciani et al. (2023), the inflation
target 7 is set to 1, implying missing price-level growth along the BGP. Coenen et al.

(2018) offer the coefficients to model a bank survival rate shock.

The remaining parameters of the model are estimated. In particular, we estimate a
vector of parameter values until the distance between empirical and theoretical impulse
responses is minimized. We focus on the responses to a monetary shock and on the
estimation of the following parameters: the standard deviation of the monetary policy
shock (o), the Taylor Rule interest rate smoothing coefficient (pr), the steady-state
adoption probability of new technologies (1), the step size of newly introduced technical
varieties ()), and the distance to the technological frontier (0;). Table 3 reports the values

of the estimated parameters.
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5 Persistent Slumps

In Figure 3 we report the impulse response functions of our simulated model after an
exogenous monetary shock, our primary shock of interest. We also compare the responses
with those consequent to a bank survival rate shock, which can capture the trigger of a

financial crisis, as noted.

The outcome of a monetary shock is contractionary for all variables of interest and, in
particular, the behavior of output and inflation is consistent with the demand nature of
the shock.” The figure makes clear the persistence generated by our framework relative
to conventional new-Keynesian models relying on an exogenous TFP assumption. A
monetary shock is capable of generating hysteresis, as output remains persistently below
its BGP level, with credit frictions and intangible investments acting as an amplification
channel of the monetary transmission. More specifically, the monetary shock induces an
increase in interest rates which translates into a spike in credit spreads. There is a direct
impact on the amount of financing extended by financial intermediaries to the private
sector. Then, the innovative sectors appear to amplify the contractionary effect: the credit
tightening shrinks the resources devoted to the adoption of new technologies, reducing
the input Z; available for their adoption process. Thus, the adoption probability A; drops.
In addition, there is a feedback effect between the two innovation phases, as creation is
influenced by the maximum attainable level of technology Z}"™*, determined also by the
current level of potential Z;. Therefore, the combination of reduced creation and adoption
rates triggers a persisting reduction in future technical means A;,1, generating hysteresis

in productivity and output.

Figure 4 compares the IRFs generated by the DSGE model with those of our BVAR
following a monetary shock. The structural model satisfactorily tracks its empirical
counterpart for the responses of output, R&D, the credit spread and the price level.
The model captures the medium- and long-run behavior of TFP, while all remaining
dynamics of the DSGE model are almost always within the 68% confidence bands of the
estimated BVAR. Indeed, from a qualitative point of view, the dynamics are consistent
with the estimated BVAR for the whole trajectory, even at long horizons. The transmission

channel is thus consistent with observed data: the strongly hysteretic behavior of real

»In appendix A we report the impulse response functions of all variables to all shocks.
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Figure 3: Impulse Responses to Monetary (+) and Bank Survival Rate Shock (-1 sd)

GDP and TFP is consistent with their realignment on a different trend suggested by the
model. In particular, growth rates approach their BGP but remain steadily a little below
it, in line with the “super-hysteresis” hypothesis (Ball, 2014). On the other hand, we detect
a relatively fast rebound of inflation from negative territory: we attribute this short-lived
deflationary effect to endogenous productivity, where the steady decline in TFP partially

leads marginal costs, thus prices, to remain high.?®

Next, we consider the effects of a banks’ survival probability shock to understand how
credit frictions affect permanent output (see again Figure 3). The responses are analogous
to those induced by a monetary shock from a qualitative point of view. The reason again
lies in the endogenous innovation framework. The decrease in bankers’ survival rate

results in a deterioration of financial intermediaries” balance sheets as more financial

%Interestingly, our model generates significant responses of the creation rate to monetary policy shocks,
consistent with the pronounced responses of granted patents observed in the BVAR (Figure 2). As detailed
in equation (41), the parameter y plays a critical role in determining how the creation rate y; reacts to these
shocks. Our estimation of y (which is 0.4) aims to match the impulse response of R&D expenditures, among
other targets. The data in Figure 2 reveal that R&D expenditures show a stronger reaction compared to
other variables, which likely explains why our model effectively produces large responses of the creation
rate.
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Figure 4: Impulse Response Matching

IRFs normalized to obtain a 1% increase in the policy interest rate

intermediaries leave the market. This depresses financial intermediaries’ leverage ratios
and lending. Interestingly, the credit spread exhibits a sharper increase than following
a monetary shock: the spread rises more due to the feedback-rule of the central bank,

which reduces the interest rate to contrast deflationary pressures.

To sum up, the persistence of downturns is evident in the dynamic responses to both
shocks. We interpret this as a sign of the interaction between endogenous productivity
mechanisms and credit frictions in the model economy. In further analysis, presented in
the appendix, we also investigate the interaction between financial shocks and monetary
policy shocks, studying to what extent a surprise expansionary monetary policy shock

can mitigate the effects of a negative financial shock.?”

In the appendix, we also perform a preliminary investigation on whether the challenges faced by the
monetary authority can be addressed through adjustments in the Taylor rule. In particular, we perform
a comparison between the conventional Taylor rule and a rule targeting the economy’s growth gap. We
also consider a Taylor rule characterized by lower inertia in interest rates. Preliminary results suggest that
lower interest rate inertia can attain benefits in mitigating the persistence in the effects of contractionary
monetary policy shocks.
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Figure 5: Transmission Channels of Monetary Policy Shocks

Panel (a): impulse responses for high (1.50, green dotted) and low (1.20, orange dashed) levels of the
desired markup on intermediate goods J; Panel (b): impulse responses for high (0.97, green dotted) and
low (0.93, orange dashed) levels of the bank survival probability o.

6 The Transmission Channels of Monetary Policy

How does monetary policy transmit to the macroeconomy? We further address this
question by inspecting the quantitative relevance of the identified amplification channels
after a monetary shock. To this end, we perform a sensitivity analysis exercise, in which
we analyze how the behavior of salient variables depends on relevant parameters that

drive the channels.

We focus on the core features of the model and study to what extent endogenous inno-
vation and credit market imperfections interact in influencing the response of aggregate
variables. Figure 5 displays the percentage deviation from BGP levels of key business
cycle variables, i.e. output and inflation, along the simulated IRF horizon. We study how
their impulse responses depend on the desi